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Effect of Topiramate on Cerebral Glucose Metabolism

Eun Yeon Joo, M.D.!, Woo Suk Tae, M.S.", Jee Hyun Kim, M.D.,
Sun Jung Han, M.D.", Byung Tae Kim, M.D? and Seung Bong Hong, M.D., Ph.D."

Departments of Neurology' and Nuclear Medicine,” SBRI,

Center for Clinical Medicine, Samsung Medical Center,

Sungkyunkwan University School of Medicine, Seoul, Korea

Purpose : To investigate the effects of topiramate on cerebral glu-
cose metabolism, we performed 18E. fluorodeoxy glucose positron
emission tomography (FDG-PET) in patients with new-onset epilepsy.

Methods : Thirteen patients with new-onset epilepsy or without
medication after epilepsy diagnosis were included. Pre- and post-drug
FDG-PET were performed (before and after topiramate administra-
tion) in all subjects (M/F=9/4, 28,21 11.4 years). For SPM analysis,
paired pre- and linearly transformed post-drug FDG-PETSs were spa-
tially normalized into a standard PET template, provided in SPM-99,
using a 12-parameter affine and a non-linear transformation. Spa-
tially normalized images were then smoothed by convolution using
an isotopic Gaussian kernel with a 14 mm full width at half maxi-
mum. The paired t-test was used to compare pre- and post-drug PET
images.

Results | Mean dose of topiramate at the time of post-drug FDG-
PET scanning was 16371 mg. Mean duration of topiramate admi-
pistration was 16954 days. Responses to topiramate medication

were seizure free in 7, reduced seizures in 3, and no changes in 3
patients. Reported adverse events were headache in 2 patients. SPM
analysis between post-drug and pre-drug FDG-PET images showed
post-drug hypometabolism in the white matters of both parietal and
right temporal lobes, and corpus callosum, both thalami, right cin-
gulate gyrus, left midbrain, both superior frontal gyri, left middle
frontal gyrus, right inferior- and left superior parietal lobules, and left
inferior temporal gyrus (corrected p< 0.05). No brain region showed
post-drug hypermetabolism.

Conclusion : Topiramate reduced glucose metabolism more in
the corpus callosum, thalamus and white matters, and less in the ce-
rebral cortex. (J Korean Epilep Soc 2004:8(2):116-122)

KEY WORDS : Epilepsy - Topiramate - Antiepileptic drug - Ce-

rebral metabolism - FDG-PET - Statistical para-
metric mapping.
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8% —fluorodeoxy glucose positron emission tomogra-
phy (FDG-PET) & ol&3to} ¥ 7k 787334 (old an-
tiepileptic drug) 9 ¥ EEFhate] Aol thate] A+
shoint 7 ERge HAAY #d5& A7) A A
o] 4% oA Yol AAFHR e AE A B
Ap27h 3 Aslehet] AREEL Y oA o) ZRY
2H|2S FA)SH= CMRGlc (cerebral metabolic rate of
glucose) = 3 tiALY Uehljs A EZ AMHE
t}. Phenobarbital (PB)-& ] A4 Qolel Tieduirks
A&kA17)9, phenytoin (PTH) # carbarmazepine (CBZ)
o ZaAor ¥ EEGYALE FTEZ AAA B
3t valproate (VPA) = 3 AA 9 tiAkg 552 9o
w2t o] AFEL Faste] Frrdere] o tiAt

re) =,
NEZE




225 E4 94 Qo] AaAo
= gtk ZEXQ olo) gt A
tﬂj Theodore 5 A7} 2k AT]E o]
%2 (sodium ion channel) & GABAA A174AGA|AH
o] thx HAol FHBHA x| wiEolzty 43
Hrh’ o]xe] FDG-PET AFEL #4do] Q& o o
o (region of interest, ROD < AFdel| 4743t template
olg3te] 1 99 4% FeFriAbE<] CMRGle
E7ste] vtk Aolx SAI8E Z 1 Qlrk ROI
o]-&gh W& & i Wl ARl
OM' AE TOE /\}a«] HollA 2 F2ES XEY ‘3H

lm iy

At HERE vlad = glod vE] dd s A F
ek thater =H4slez, WAz (white matter) 3
Zol gA Exsty AAVE BEgskA 4L 79 &4

o] ojHth= wgo] itk E3 ROIY YAE 23T &
Aoix ¥ TEGtiApt tE2A SAEEE £ A}
Z 4 9} ¥hA SPM(statistical parametric mapping)
71 Ay el s B IEkee A He %
FUARE HaE F 3, B A5 FEAEE °
Ao shz T 19 FAFR ¥40] ZFsstthe 7&?"30]
S1=

Topiramate 2] A&zl (new antiepileptic drug)
o] ¥ EEirtel] ulX]E
H YRR AlEHE v adT £ AdA T (large
comparative or dose—controlled trials)©l] 2&bd A3}
7H49Fel topiramate, lamorigine, gabapentin®} oxcar-
bamazepine©] A& Zgtdt bzl T2 oj2iriz] &
Bj o] 9Hak(mixed seizure disorders)S 7} AT}
dRlofA TRl oR AREE w golzly ¢
Z I &A% Topiramate: 7HAa9] oA & 3}
© B, e A5 dx)goleh oo Fo
FALE SRk 4A Qitk ool E AR To-
piramate”} 2] &gl nX= JFS Lolrr] gt
Topiramate 501 3} ZFof 9] Tedils &3s1o]
ks Sl=1
olF f3te] A AR A B2 g} k= 7haR
ot drbEoks Basta R (s dA1ElA
ok Mol FDG-PETE A 33}, topiramateS £33k
of FDG-PETS thA] Al8313it) TopiramateE &
7] 23} ¥2] FDG-PET 94-& tjite s SPM #4

A88to] topiramate”} ¥ 2 EEZTAb] w]X]= o

3
& Bk

rUlo SL' Job A X
mﬁ

ogk

e obd A7sR) he,

P T

o

20039 6€%E 20043 3€7HA A9 EEE A
ol st BAE F EdolA A 7z A e
A} = oln] 77 A wgton) dgbaeks B
23517 A g2 IREL o R sk ARASE ¥
H3 HspiAel 2AsY R Al o, ¥ MRI
A FEHE 7 ool ERIE A uidrrelA

A sty 25 169o] A8 =M pre—drug FDG—
PETE Al&slqltt. ol ¥ 392 X540 & 585
Aol tidrtelld gehslois, v 139ellA] post—
drug FDG-PETE A3}t

Y d

' —FDG—PET

GE Advance PET 2#A (GE Medical System, Mil-
waukee, WD) & o]&3lo] gxlollA PET 94& 4
th HASAE 4.9 mm FWHM, $%349 3.9 mm
FWHMOZ 315151 thd #2k= =8 743, A 39X &

= ZFEel A AlBISITE 4A1ZE o] F41E 3 AdElelA
260~370 MBq(7~10 mCi) ¢ FDGE A®o =z FA}ls}
2 % 30 Fol PET 94 ditk PET 942 Han-
ning filter (cut—off frequency=4.5 mm) S ARg-3}o] A
T3 128X 128 matrix (pixel size=1.95x1.95
mm with slice thickness of 4.25 mm) & tJAZ o] &}
Atk 288 (attenuation correction) & EFAAREH
(using a series of ellipses)& ARSIt PET 9AR:
Topiramate&5-§ A3 Fo 7 ¥ 53190t o8 B4
A3} 39 FDG-PET #HAR: E5 ZAF A 244171 ojA}
PEARl wo] QIE S &g F AFysiin
AP S 94%) FDGE AWFAL & ujie] GAts
W7HA] Has Hola 1 7)zHEel 2t ¢
ATt

ox

o ﬁ !
dot o o

dle

SPM 20

Topiramate & o] njslo] B8 39] PET 9lAkoj
A =4 YEEGYRte] §I3 WalE 3] $15j0) SPMO9
(wellcome department of cognitive neurology, insti-
tute of neurology, university college london, UK) ¢}
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MATLAB 5.2 (the mathWorks, natick, MA) 4< A]
ik

o34t ¥rhe] WEH(format conversion)

PET AuollA] vk Az Ag2de] diole] F21 GE
Advance ZHoH SPMEAE $13te] Analyze EHO
= g

Pre—drug® post—drug PET 94te] AjH(image re-
gistration)

9 gt oA ot Tgurle] WigE Hrt
gk 4 gl A B8] 8k, topiramate
Bg Zo] FE3 PET 94E 58 d PETHd A
s o g gesigith

27V 3+3kspatial normalization)

BE #8219 pre—drug#® post—drug PETS3& 4
A7 o] AE-n|AFgAel whHe] FE IE
AHgEto] SPMUS] BE ¥ GAo= 38—{} H 35T

olsh e e e MC’ 7 1

72" s (spatial smoothmg)
FRE e AR FFES 12-mm full width
at half maximum 7F-A19F 718 (gaussian kernel) & A}

EEEEE

= AFEIZ o]

S350} TEIYHRT. o] HHE S
o wWol2 29 471 AT, BAHeR
£ 4 gk

o Ake] EAREA (statistical analysis)

A v PET JFES 49 t 737 (paired
t—test) & o|&st] BAXR FAH 7 HAFA 7
o] =32 false discovery rate (FDR) & P3te] 0.05°]
ael 7% 8laL! extent threshold= K >100E %9

Bk

& af
Uy Y=
RS F 1392 @xt 99, ozt 4voln, Ao
Ag-e 294 (15~524) etk Topiramate o1 A FDG—
PETE oFE B4 4 B 304 (26~45%) 11tk Topi-
ramate 59 & FDG-PET= 31 1699 (59~240%)
7 okEo] ¥.27)7k9) Agich Topiramate F4-8%2 3
7 85 138 mg(50~225 mg) oItk HEel oshd
BelnHukz(complex partial seizure) s Hol= k=
473, olxAd A4 732 — 73w (generalized tonic
clonic seizure) 2%, HAIA] 7 -7 Ear 61, ojakg
AAA] 73— A kRS R I 2714 w2 myo-
clonic seizure)& 1989 gxjoa A&t Wobd 3}
oME A &7 6, waA 1PEd FHregional epilep-

Table 1. Brain regions showing significantly decreased glucose metabolism affer Topiramate administration

Talatrach coordinates (mm)

Location Side BA X y z Peak 7  Corrected P
Thalamus L - -4 -4 8 3.80 0.012
Thalamus R - 6 -8 3.45 0.016
Cingulate gyrus R 31 24 -28 36 4.64 0.012
Brainstem, midbrain L - -4 -10 -18 4.26 0.012
Superior frontal gyrus R 9 16 62 30 3.14 0.022
Superior frontal gyrus L 9 -6 60 32 2.88 0.034
Middle frontal gyrus L 9 -36 48 30 2.87 0.034
Inferior temporal gyrus L 37 —66 —64 -10 3.92 0.012
Inferior parietal lobule R 40 68 -38 28 4.47 0.012
Superior parietal lobule L 7 -35 -76 a7 3.85 0.012
White Matter, corpus callosum R - 10 -4 24 427 0.012
White Matter, temporal lobe, subgyral R - 30 -50 20 3.60 0.014
White Matter, pariefal lobe, subgyral L - —26 -42 40 4.06 0.012
White Matter, parietal lobe, subgyral R - 24 —44 34 3.78 0.012

Extent threshold Ke>100
BA, brodmann area; L, left; R, right.
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tiform discharge) &8 47, AR A% THgene-
ralized epileptiform discharge) €3 2%, A& A4tk
Z A9} (intermittent generalized slowing)+ 194¢] 3
2ol #EE ek Topiramate 28 ¥ 702 2zl of
3 A5 &7E B9, topiramated E-g3= 9 @&o]
AR 2 S 79, 50%0)1 BEe] wler) 7hA
3t 739 39, 28], WHel gl 397 33olqdnk

Topiramate 5& T} 22| FDG—PET SPM 2 Ho
Topiramate 5§ Zef H|3le] B8 Foj vix] 52
BF TEQ %% A1, 222 ¥ (corpus callosum), 9
% %% (midbrain) &} ¥% FAHH LBF 54 %
W o] w4 (subgyral white matters of both parietal and
right temporal lobes) |3 &% tirpr} A3t o
] 92 e I A HdFol3(superior frontal gyri),
4% = ASo|FH(middle frontal gyri), L% ulo)gh
(cingulate gyrus), 9% A (insula), 22% 3 TAX
9] (inferior parietal lobule), 9% AF4 A% (superior
parietal lobule) oA E£E3 thilel 747 BEEth

(corrected p value, 0.012~0.034) (Table 1, Figure 1).

B topiramate E-4 F ¥ LA} 015 ¥ B
e BEER] st

F20 -4 -2 S
n o

2 A7 Topiramate® 543 & oy gz
=R A, HE, wolgd ATdY FAQe HAo)R,
FreA TEGUAbt 918 S uginh 13 3% £
Ay ZFQ9) WA E FHe Frhate] Askazo]
&L FDG-PETE o] &35t FZAAAEL] o
H XT dgieS A7 Aol wER, PR oy
Axe FAE BE 27% PN, G FoE 2
Ashd Al X2 AP} ZEFH TR VPAS o A
Ao S 9.4% AT DojreH ok’ o] 42x]= PHT
9] 11.5%,° CBZ] 9.6%"¢} 42181, PBY 27%°L} dia-
zepam® 20% ZrA A HUp= gke Z=x)o|t) VPA
v AE AT giE AN GrjagS TaAZe
™ ° PHTE 1070 ROI % 27d]9] 3)2%3 Aule)A
U SAA R FUAE-S AAAF T CBZE EBFd Y
Heud, v, g n AeA FREA daES
ARk Vigabatrin® the AAe) FoAFES 8.1%
gojmzlow, 53] o EFAoMe] av) T
o] ATES EF ROIE X Hsto] 1 29 GuikeS
Ao, AFuict t221 ST 107 Ee 20709
ROTE AM-TL7 ROI W& 2+ 871] whgjz o

Figure 1. Statistical parametric mappings (SPM) demonstrating differences in cerebral glucose metabolism pre- and post-topira-
mate administration. In the T1 MRI overlaid views (A, B), hypometabolism of both thalami, cingulate gyri, corpus callosum (A,
left), and sub-gyral white matters of both parietal and right temporal lobes (A, right) was observed in serial coronal images.
Hypometabolism was shown in corpus callosum and midbrain in sagittal image (B). In the three-dimensional brain view (C),
hypometabolism was shown in multiple cerebral cortical areas including superior and middie frontal gyri, and inferior and
superior parietal lobules. Left is left and right is right.
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Topiramatedt =l ZEEUAN OiXl= S&

WpelA Bl R gl o e SR o
vlma Fe AR BAEE v o sl

L A ypAch e RO Rekolu ezt 7+
Tl hersta, Ho) BE 294 ROIE 5 T &
oy, B3] WAo\} 9 Qs+ EE ROIZ H7HE 3+
= mx| gorch el SPME o] €3 318478 vo-
xel—-based) FDG—PET #4& 54 oA M2 &
33 Q= dah) R g g8 F loEw
7HA S 23k Thokst AAA Adelx o A
A m AR Hgde gats Hriskedl 83t
ThAE B o oA topiramateE B-8317] M} Fol
77} FDG-PETE #9% ¥ SPM 7oz $4 A
5o topiramate®] 93t ¥o] LEFRARS vt

Topiramate’= ot 2874825 F3lo] 7hd o= ¢
AxZHE Jepdo[Ag2HE AHEF 2 (Voltage—gated
sodium channel) $} glutamate A= ZZ2] 2hd, GABA
aze] 73y

Y Zeg giAke] Aske} 91X 713 AR OV‘
7hA) BEuEih” W) Lxg ke wXE @73
o] A o] AT *]75’47“0‘ Hzhg ol Al H]E’“
&t} ® Topiramate= &g, A&, =27, &5, 9
AR, Arg & Uddt T /ﬂ%‘ﬁ] g By
2= oo} =Y Aete) 7)Y Aell, Ale] =H
ol dele] o ea} 2o Aty 75 A e
b Alstns 9 2$ topiramate?] F2H8-0]H, topira-
mateS 243 32159 30% Aol BEE & =T

2 Ao E topiramates H&% F A 72E
Q1 A}, WA s} g 123 wolFelA] XL thAb
7} fAAEA HolFrh

Topiramate S B-€3t1 Q= 2459 ¥ 23 &
o] utErly) wghel ] AzjE} B4 (spectral analysis)
ABe ), oFE Hg Aol uls] dutelFe 47t
weshA) gk AAlelA lorazepame FAE F
33 FDG-PETeAE, $1ok Folo ula) Aldel 25
A 2agia oW dutels Heis A &
Xzbe] EeEigh oko] AREA BFHJLE ARE
o] A nigro 7 dufEEa AVde) 7lsel ME °
H5hA BE o] 913, topiramateo] &3 <l cor-
tico—thalamo—cortical loops®l 715437t Zid
Qltbi FAgTh 2 A7o)d #E9 topiramate 7O
& opm At} ole] HAo|FEY] TR WAL &
A2 topiramate®] ¢J&t] cortico—thalamo—cortical

s

loops®] 71%50] AaHTHE o] Hel AFATSH FARY

L m\o

flo Oiﬂ oft
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Ao HelY,

A7 38 FEE Alo)e] B e] ERie] st
9 AAYo g dsh= F4Haxon) o F30] B
-JJQ A7Qe) A4 Hapr} Ayt ol s A

Qojut, 2% AAE, 18] AH RSN
] 152 Aoll7} dhAETEY d=ato|vjy Fajol A
E3) BEEE 4% WA F9 W] T2 MRS 174
% W3}(hyperintensity) & 29 Tx% diiE Ho
wilu, o] FAR xjek(deafferentation) EZ wizol
t} 2% Topiramate B8 F WAshs AA7)5] Zol
= 253 £ WA EEE thEAql ¥
Frjate] Askel ARHRE AoE FA .

wgZe Hule) RS olu Qi Fagh A
@A} (white matter commissure) ™, ¥ A4

ol

~

(o}

o

(intracortical connective fibers) 2] 8 Z=zojth. &
7}

2

,ﬂ
ot
i-r

N

b 2 oy ‘ﬁ, r_E,
N

O

=3lolmd ghatolM BRHE HF] 952, A
TAGel|x] Hol: ELguiALASke} o] glal, <l
71%5e "ol gelo] Hrh= A7l Utk 2 B4
So] MRIOIA S $1%2 #skA] ¥A4, topiramate
Be 3 oy T4 WA it Askd Ao
2 Kol AAMAR] ¥ 7)5o] HolRg Aow FHY
4 glt}. o] ¥k JeAshs WA ARAfel A%
e 715 B8 "oy, #xE A7)
9] A s}l Hojdd Aog Azt

2oj9} 719)e) ToIshE AN dER & FEA ok
AL oA Fgeld A HE RSt FIet
) % QoS FAR o JPQ oo o§9je] Y& A
(semantic vertification),” HE3t ?10] 719 #e
wjthe (cingulate) & VA A4S T3k IolM
o8 Age gk ® B3] YA AFda 1 HWE
gshy, ol sk 719ee Al T
t} 303! Topiramate 58 § #AE= % A
z wo|ge] Jral st AL k= F
71935} Qo) et AFAJol & Ao FHHET

2 Ay ME topiramate & F AT F5A
g)2lo]& (cortical gyrus) oA =FAAA
A7y #EE A

o

R

>
—;r:i
' 2
norok

TopiramateE B€3t1 ot B2 2099 e
Aol Ast AAAE AAF Aol w2H, o] &
A4 (verbal fluency) & 171918 2@ AFH7]s

o] kg 28 Aof u|sf T 5 A Q2
AAkel o 7} PR A= oty 9= IRt 2245}

ez ]
=
A (lacune) 7 WA He] 4 EEgriibek ’“J?é@




2 T v A= J3S 2R
Az WA wdo] HELRE B3] Sl HEgv)a
(dorsolateral frontal cortex, DLF) ¢] Ex=2t)Alxsl7}h

i, AT 92 2ngoal Ao 7hag
A3 7] (executive function), 7]9&, 18)3 A4l
AA7]5o] HAFLLY F &5 olgte] ¥xy
FIE7t AAEFE 7dEe ZEEge) way
< VAR 7R ARG EE4E "o, vz
715807 7FAAT]

AR

3

wze)

3

g

] (cortical connectivity) & 7

® A5 39 MRI Ao, w2s) ws

WS QUSAIT, topiramate® 283 & DLFo] %3}
= A ATl A F FolFA @A A g

AP ol A9le Wl o] It tialxsle] )8t o]
AF42l diachisis (subcortical—cortical dischisis)©] 7L},
topiramate©l] 213+ 21140 PaFog 243 = gt} w
g 3F SFolFelX 9 Teguab AStE B Bg &
WAshs 71918 AEle] REA o7 Ppojg How gz}
=g

2 el Folg BAAEL Holn maAp} gz} =}
Alo] wel= Akl Jejol WAz ww), :’-E]i MRI
Bl QaiARt 7hd e Y] mle) 4g)

T& T3 4R Rk, AR vhokst % FeFT
o] gakwiell 4o g <= Utk w3t Flu} (opira-
mates 583 717} 1§k xjo)7} 9y, ok o)
¢ RS HlaA gkl BUs J@og ris= o
HTE S ¥ AF) 083 SPM /e okE B
Avp 25 vlashs 49 (-4 mg, gxjzhe] zug
tApRtel = dalld Zez Jdisith m® Qlx] s 2
Y53} topiramate] B8 9 kRO Yol
e AAAE BolA) gkethy sk mely, B o
7oA BE71 topiramateol] o8t A|Atw} wlo) 3
A Al Fugtiab Astad e dulr) 9le Ao
A dEH 02, topiramateo] 2Jato] M, A4
W wAe] FegiAle o] Ziasiglon) tiuua
o] Xegdtfile 327 "olx]x] okghrl,
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