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Neurostimulation for Epilepsy Treatment

Seo-Young Lee, M.D. and Chun Kee Chung, M.D., Ph.D.
Department of Neurosurgery, Seoul National University College of Medicine, Seoul, Korea

Purpose : Recently brain stimulation is rapidly gaining clinical
use for various neurological diseases. From 2005, vagal nerve stim-
ulation (VNS) and deep brain stimulation have been reimbursed by
Korean medical insurance system. Review on this subject is very
needed in order to know the current status quo, the limitations, and
perspectives.

Methods @ We reviewed literatures about historical and physio-
logic backgrounds, and clinical trials or case series.

Results © VNS is approved for partial epilepsy in patients older
than 12 years, on the basis of randomized controlled trials. VNS is
possibly effective and safe for generalized epilepsy and children

with limited evidence. The antiepileptic effect of VNS is partial and
variable in each individual. Chronic brain stimulation has been tried
at cerebellum, thalamus, caudate, subthalamic nucleus and epileptic
focus itself. The results are encouraging, but not affirmative because
of lack of large scale controlled study.

Conclusions : VNS is recommendable in intractable epilepsy
with non-resectable epileptic focus. Chronic brain stimulation is
under investigation. (J Korean Epilep Soc 2005:9(2):109-118)

KEY WORDS : Epilepsy - Vagus - Deep brain - Stimulation.
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S HEFHoka FA8%th 1769 de Haen 47] 4
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71 A5E 3 A7) AL, wFAE A (vagal
nerve stimulation, VNS), 45 =32 z}= 2 9= %4
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o] QIYEWAM 1 o]go] FWHOoR Fojd 7107 o
A+g]o], o]4)7] (implantable device) & o]§3%F ¥ #7]
Aol tisf Mk eg Awr iyt g
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Gl FA7 AZVNS)E DAARE 98 W A7)

ol FdsiAl tifE vl A7-st xl—7] ZAo| Fof 9]
t} VNSE ofg] oAk Al8olM, Ad 59 Ars =
ola1, gkA%k Ao 7 el

LR el
u] Al AL A (efferent) AF 20%2 74149 (af-
ferent) A 80%2 TAECE Y44 AH+= ambiguous
nucleusoX W2.3= &5 W (special visceral) -2t
dorsal motor nucleus®lM 2= At WA (general vis-
cera) A2 AL 5 U i 79 AF
o] & (striated muscle) & APLA, FRALE] F5ef
olslo, Ak YA HAg= A% H, Y3 S0 B
a5 sk ik Al tig = HE W5 T AAelA
HthA ool < 21732 F7 A4 (sinoatrial
node) 2, #= v|F 1ﬁ% WA A A (atrioventricular

STUEAd

3 olF

node) & X3} 5 v|F Ao A= HYS o F

Zo ulaf Hulo] AalAl WAFo] el FAFH
:[LN/H 19rt i LH;(]—a:]o]—y ﬁ:ﬂ, /\1;(]—, EH%.EE, QE,

A%, AT, TFolA S0k 4 A4 (somatic) 7

7 A57F Az H(Concha)i—rﬁ sol2rh A4 ARE
S Az o7 R nucleus tractus solitarius (NTS)
07 713, UF A8+ medial reticular formation, dorsal
motor nucleus, area of postrema, cuneate nucleus%
07 Itk NTSE Zole 74 Afr= A 3 (hypo-
thalamus), ¥ % (amygdala), dorsal raphe, ambiguous
nucleus, parabrachial nucleus, A% (thalamus) & & 7}
1, tHA] insular cortex, lateral prefrontal cortexs2
2 BEAET Medial reticular formation® 8 Sol&
T4 A+ nucleus reticularis thalami¥} intralaminar
nuclei of thalamus® FAMA T nucleus reticularis tha-
522 o AldeloR AR A HE T
AH(thalmocortical projections) 2] 7|3k synchroniza-
tion) ol 73t A8k w|A| M, intralaminar nuclei of tha-
lamus+ 943} A2 A (striatum) o FHYSA A2
“‘;l]:]_.ﬁ)

lami=
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NTSE] GABA, glutamate®] %= (transmission) & ¥
FA AL o WA % ZH (limbic motor seizure) 2|
ZrpAo] WEksla, Al A FA) Al Eo] ¥F FE

T2 zAsle] Al Aue] v B e g (gen-
FEE F= Zo] FHell BRI

oA} W W= &9 (positron emission tomography,
PET)& ol-&% VNS& 713 d7ellA, nlFald A5l
U A B, AP, A Gnsula), Aol H 8 (cere-
bral blood ﬂow CBR) 7} &7Fshlal, % 3lnf, %
(amygdala), ¥& wel8(cingulate gyri) 4= CBF
7t Za‘iO}‘%iE]r.U olF, Aldel CBFS7I7F A8 Zhel
o] gIluk 371 7he] A Fel= 7] A5
ol 2 H$lo| CBFE7HE B, el #as 7
9]+ ¢Jelvh Functional MR @7ollA s 9k A4 A
(insula), 7148, TF-FFHelA 2435 248 B
L Aol @43k Bl Ad 24 anprt glg
L1 58 Ao v]ENRE AFRE o), Hute] A
%718} (desynchronization) 9+, Z3}+(spike) &) 7+A7
wAE ol VNSO &3¢ ans ARSI 4 o

AE #Fxpe] Huabo A= FEls v} glo] A
d g92 Jepho, 0

eralization) ]|
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1880 thell Corninge ZAHE FX|u o2 3|
CBF= %o‘jl gx—] o7, 7215_114
-?43} 7HL§ LI oo L= e A= R
A3l 1947] ol Hof &
1985y, Zabara’} A2o.2 @A} 22 /Nde] VNSE
55 Adolr] AMEEaL” 1988, Penry5o] H&C
7 @x}ell A pilot studyE 3FITHEOL, EO2 study).”* ©]
oA AlgE FiE AY e gide® & 7ol F
k8], ol W7 ¥ A (randomized, double blinded
controlled study) oA VNS+= #2138 &4% 695 1
ATHEO3, E05).7 o] Ang wlgo R 19974 |5
FDAL o]l 7153t 439) NeuroCybernetic Prosthesis
(NCP) System(Cyberonics, Inc, Houston, Texas, U.
SA)E 12A] ode] Fi 1kd gl sl $0& 3t
At} o]F 26705 o oA 20,0007 o]/de] ghxjofA
NCP system®] A<=t

39} A% 4

VNS Al&e izl A4 mls] stel] Alashd =74 o)
B 7Fsshal, 1~2A13F A% Ay A5 725 v]F



27 F= A 8 A4 8- (superior and inferior cervical

v 5o Axgt} #A5S
AEEE 21 df|F-aholl A Ayl nlel o] el £
o] 7] wlEelch. A7| A= A4 7] (pulse generator)
= #5 HF ol Fatel £ & oA 9
2 AHT 7St FEg #R1sH T FX|3 A7 =25
A7) A LR Fr) 1~25 & AFEY programm-
ing wandg °ol|gsl A7] A= A4471E programming
gt} % 5o AAA FHz)l 9k A=
A (magnet) & A|H 1L cluRA, 7ol & 7 Z& o
AFE F7M7IAY, BADS -2 o A=E SR
T Utk AH3 A= A% (parameter) & ¥ 1A
ok, gapoit} thEch £8] 2 HRE Table 1743
2ol HA FES 4. 5Lﬂ HAER2 A= A9} magnet A

cardiac branches) & W2

AL

:10] ARRR

P A7 F A7k SIlTh VNS
(placebo) Hhuj} THE T 220 Bio] up
& vl A7E sklth EO3 A7 vk o7l o
TR 1149 A PR U s goR el

Table 1. Suggested stimulation parameters

rir
o)
2

Parameter Suggested stimulation ranges

Electricat current

Output current 0.75-2.5 mA (initial 0.25)

Frequency 20—30 Hz

Signal pulse width 250-500 us

‘On’ fime 30s

‘Off time 5 min
Magnet

Output current 0.75-3.0 mA

Frequency 20—-30Hz

Signal pulse width 250-500 ps

‘On’ time 30-60s

Modified from reference 28 and 29

Table 2. Stimulation parameter of EO3 study

olMg - FH7I

o} 1457 A= (high stimulation) ¥+ A 2= (low
stimulation) (Table 2)*'& & A%Z 12572 A= &
Fefel nwslth A NS FHFo® axb= el
A 24.5%, AAZ 7ol 6.1%344515 31 (p=0.01), 50%
ol A Fae uAE 19 31%, AR 2 13%
of| /] #AE ] (p=0.02) A= oA Foj3k FHAE |
}E B

EO5 7 ml=id o7l A2, oA 1z, Azt
Zog Hlu ATsisith 19992 A4
2HE dide® sisla, 3/hERr 33 45&3}"&‘:}. Ht
AR 3 As A= oA 28%,
15%PF 2 (p=0.04), 75% o] 7Z#o] ZA43t x|y} 21
A= FollA 10.6%, AAT FollA 2.0%= TAF=oA
F23 ARE BAG(p=0.015)." 47 A% vpgo
2, o2 uAHFORE /A8l °olF 1959 & 12
M 3 3 BEBiT Hd A AAE 45703

AHEL 50% ol A= 35%M, 75% ol A
20%°14 1A

aoht dabgd HAl A-E e @ vln A+
ok AEH v 12 kA A (prospective open
labeled safety study) % EO4 A9 thy Fofl= &
ofe} Ax}Ad Al 2Hdo] x3hxe] Itk 60 2| #2f
o] o]z} 3514 18A1% L, 27%7F Az dal 2
2 @Ak H AY e 12702 59 34%, 1870
°J Eo} 42%03—; 8}7:]%1_ EILH:— 73@ z‘gEHg]_ 1}3]_03
o 28 AT el 2499 Ay A 7&*‘ ﬂz}”}
£ B4 o, /1€ 7 HEe AW A
50% ©]4 A# 7t 45.8%A0h v 670 %‘%oﬂ
A VNSE vk o} 8212 giifoz oF $3F%Ql 4
oA, 370€E 2" 959l B 36.1%, 6709 F
H 560l 44.7%2] AW Tavh BAEATGY 2L
oA Lennox—Gastaut 3% 4} 50H-& #2435
< o, 6718 < 57.9%2 A

Parameter : typical (range)

High stimulation

Low stimulation

Output current (mA) 1.5 (0.25-3.00 1.25 (0.25-3.0)

Frequency (Hz) 30 (20—-50) 1(01-2)

Signal pulse width 500 130

‘On’ fime 30 (30-90) 30

‘Off” time 5(5-10) 90 (60—-180)

Magnet
Output current (MA) 1.5 (0.5-3.0) No current delivered
Pulse width (s¢s) 500 No current delivered
‘On’ fime (s) 30 No current delivered
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VNS study group®] EO1-EO05 7<) thie]gidd
440782 $xte] el 37| HFA o2 F2E 319
50%°1d AH A4 13 F3] B9 36.8%04 A2
T, 39 F 42.7%)4 BthY Ben—Menachem 59|
642 vkt AH Y2 #AE AHul 57k F
3 A, FF 7P 4778) ¢ 40.4%, Lennox—Gastaut %
F(8) Y 62.5%, S5 A A S350 50.6%
oA 50% o3 78“'%“_ 72 &%7) 9Ih™ Uthman 5

Z=7

o
o] 48vge] Fi Thd ghatel oisl Huf 12 F4% B
TelME 59§ 30%, 129 H 52%2] 2™ 4 &3
& Bk
g A
EO5 oltelA &3t g Ba-ge= Ao v g
ik win|7} 242k 2vgollM glglar, 17l 7] A
7] F1Z A FHe] glof Ao} wilE Waw Fout 1

o]

F 3R sebd vhE|e g 7)go] dhashas =
5 Bag0] Hok 39 (1.5%) oA 7o) Hol 7| 1S
AASUGES EO3 AFolde 7ol BaHA| ook
], o] ArolAlE tFEe] Skrjolla] oA A7) 5=
A} A= FHE RALOR FAT LA A

Table 3. Adverse effects in long-term study

A ol vlE Hae] Walel 5 F sk ol5HA &
o] AZch EO3 dAelA 7] way7)7) é}% &P%s}oi
A #E Ad vh|zt 13 o A&E< o, o] &
A= AAE Hh wilSE Aol 2y ZA8d e
2 AgEeh Fage] giitio] Advslelal, 2ol
Bol7he Fobtk AZTHY o Algelae ks
T FALo] gldloy, T8 RIE s F AE
A AAZA7E AP Bz ekt Tatum Fo] Bl
gk 42} FrtolA] 10FeA 4533k AHA 7T AU,
1 = 3 g A7)1A=E A 7] (generator) TA] F &
A §lo] Alss P, § EAME AAIEANE
A7F A 9ME B2 Fetk FATE A9k 1 9] #4b
~°ﬂ*1“ A& F A7) v E o] Algo] E7]Egiuh!
E BAolA fAHeN} e F A% HAkA BA
%iaim_ A= A5 08 W el slelth e

U] AAR = 0.1%4 22 FHL

EQ3, EO4, EO5 AollA 4 d32 HAL(ECG),
Holter ZHE R, #7]5 A APF A5 %3, EO4<de]l
Al Julgo] VNSA #28HA Wolrl:= 2oz Holont
ZAL gl2em® gE AT o)z} YAtk 440
S oz 3 EO1-E05 7] 4 7ol &5 o

off Flf L

od

Adverse effect DeGiorgio CM et al,

200032

Vagus nerve stimulation study
group EQ1-E05, 1999%7

Ben-Menachem et al,
199938

BM Uthman et al,
200439

Number/seizure
fype of subjects

195 partial epilepsy 440 Partial epilepsy

64 (47 partial epilepsy,
8 Lennox-Gastaut,
9 Idiopathic
generdiized epilepsy)

48 Partial epilepsy

F/U period 12 months 3—36 months 3—64 months (Average 3 months—12 years
(124 patients>3yr) 20 months) (average 3.2 yrs)
>50% reduction 35% 36.8% 40.4% in partial epilepsy, 31% after Tyr
62.5% in Lennox-Gastaut, (Mean seizure
50.6% of Idiopathic decrease : 26% after
generalized epilepsy 1yr, 30% after byr,
and 52% after 12yrs)
Hoarseness/voice 55% 19.3% 17% (vocal cord paresis 56% (hypophonia 4%,
change 2%) vocal cord paralysis
A%)
Throat pain 15% 5% 8%
Coughing 15% 5.9% 23%
Dyspnea 13% Shortness of breath 3.2% 2% 27%
Severe respiratory difficulty :
3 patients
Paresthesia 25% 2% 29%
Nausea/vomitting/  13% Abdominal pain 2%
dyspepsia
Headache 16% 8%
infection 6%
Other Depression 5% Double vision, jaw pain,

No adverse effect

flushing, agitation 2%
17%
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Z(shortness of breath)©] 3.2%°lA, 413t & Z&
& 3ol BRHSICLT

A8zl A o] HHbA)(sudden, unexpected, unex-
plained death in epilepsy, SUDEP) 8] ®lE= o1 2] ¢
BF 2HA gkapEdaqe] BlEs} ‘ﬂ]ﬂﬁaL o & okokrht!
}7] oA velyt $-2H8-5-8 Table 321 #th o
et Ak f2go|ly, Azl AuEA 3 e A
e AR E“E} Aol AT
A

AR 28 P2 vkl
5

(g

1% v Qo] =] vk *‘3 ozﬂ_‘li HZ (drooling), %) 3
o] HAECL? LoloA oAt etk ofBof chEk ol
o4, VNS$} ¢l (aspiration) Z&e] 20| AALEIS1L

L Al A odsl 2akolu) AR AT #alo] %%E}ﬂs,m

VNS ™9 J

52 23~63%° 14. Ak 7§T+°ﬂ
A el whiA s, 8 2kl st e At
S Ao Al mah ?JZQS’J 12 el whal
1 arge] whEd gaprt 0% Ao zhELt
?4;?7} Basih Al oy A50w Qg F
‘3101]*1 Hhﬂ_# Fhdsbar obth A g ot

ol theh o AAE Lo, HA <]

AR 1| RI=2&2(Deep brain stimulation)

DBSE 1960ddel 254 A% WA 5o AS
aufE AT, A= 1970d e Cooper 0] 4
(cerebellum) & ZH=sl AFor =Fsle] A A4S
Bk o] 3 oole], " DRSE 54 A= 1
F3) 2FE o7 AJAF] ventral intermediate nucleus(VIM),
& wk32 L (globus pallidus interna, GPi), A8t &
(subthalamic nucleus, STN) oM, Z2]-& s A|7]x] 9
oA st (esioning) o 72 S s F0Z QF
1k 9)th(Possibly useful with an acceptable risk)."
7HAL A Ag = 2] 71g A%oL xlg}o]l:vg an
g SlFet7] flelAls diars va A7 BQsht of
4§55 Jefolctk

DBS] W& 254 AgelA 9l unpabrilolt}, A4
A (streotaxic) 2.8 MRIE o]g3) sy H2S stz
v = 7]E (microelectrode recording) & T2 2 M
7] ey o g A4S ERle e A= 59 -

4 (recruiting) -5

kL Bl =
X‘%Qi il%ﬁé. 4
9\)]\1;]_119

A A8E Y8 DBSS BHo® 4M, Al Alst
A 5¥o] gk

o

Qs F HFE 43, I
Al

o] (<3} 045%

b
=
oz
~
)
@
5
o
=
o
=)
g
2
o fo
re
iiha
%

W oo -m o[-ﬂ
ofn M

2)
al
7F
4
3 u]A# (Caudate nucleus) 5°]

2= ¥(Cerebellum)

axolA s Ah Aol 7 o
Aol F2og 7vd vtk 1938\ Walker7} 24
21Fo] wulke] MES Folil AHY HF(fast activities)
58 2g 2usgoh™ 19559 Cook 62 Lxcl
AL AFste] snte] FHE Fola AME U
Adeha Businyt 7oy, o|Fe FE %%5—4 A}
Aate] x| ekokrt 1970 the]]l Cooper So] 2
T AFoE ARG, MEFe] Tl ¥E 7110
Hz 5= 200 Hz2 A=315c) 299 2] 24} 5 18
A FB1E Aw 2447 QIJATE Davis B2 1974%
Bl 1993714 339 <] 2 xtel disf 9 A X}
=& 39 Ho 173 F3E Atk FF IS (su-
peromedial) 4% ¥4& 0~30 HzZ =353} o
82%2] gAloll ] Aol Tady, 21%= FHol QlolH
T 2uPoh’ vla ArSe s Al SR o
QYoo zbzt 5w 1299l A o 3 A
Soloja] ofd AE UE = itk 4 Al vl
A S ole AoR BdHA

o E=4
E'L—_T

i

fr x

Al AH(Thalamus)

AEE O ss) BgE AL 715 glo] st
Yol Zo8 B st sl B LA Atk 1942
ALO

A Dempsey & AE A=sied 9l wslofa] 5
(recruiting)” ¥} “ZE (augmenting) " ¥H-2-2 #2319
1,7 AAke] 3 Hz Aol dAde] Z4ak(spike & waves)
s} AAl W2 (ghsence seizure) & = o] BE1r
HATE AV wzke] A B 4wl ‘”}9} A
Al A o] A& yolg Az Moonier 52 5~10
Hz AFaE AdE A58s de 94 Hae 57138t

(synchronization) 7}, 60 Hzo|A¢e] 1uf =0 2+ A|

%713Hdesynchronization) ©] dold& #&st7, A4
Ao g friuE AF73) AE oA avE 7H A
olg} FAE™ 1965 Wilder 52 5 Ao A

g AT ARG WA ALY
A7 A8} B 7FsdE 2 A4 $9IRE Papez
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1]

#

o

NFA=ES

circuit®] U2 3}t thippocampus) & A4S 2= 24|
~H(anterior thalamus),” 32 =X 9}(spike and waves)
5 e 2os 4R e SHUE (centromedial
nucleus),” % =3} 2g7] J&g & Qo Prule 3

28l (reticular nucleus) 50| stk

A (Anterior thalamus)

1980 Cooper &°| 1+ gatold AA1d A=9] &
g Byl ot A 714 ek 1997 Mirski
5= 528 AdelM A 1579100 Hz) A=
sla1, AFIHB Hz) A5 AHS 593
thar Nok® 200293 20046 ZtzE 54 9]
PS4 100 HzZ 4E AALES A4=2eke] 6~3671
9 HEste] 4437, 4%l 50%01de] AH 4 |
g B3, AL QIglths Bas Jupo

ﬁ_

ol o u

ol
2] tlo o
5« 2

2

32 rlo ofn

Z24U%E A48 (Centromedian thalamic nucleus)
Velasco 52 198741 592 @AM F4AUE A%
g 2Tk 60~100% F™ vl Atk Ha
th.%™ 1992 Fisher 5-& 798¢ A& 4 2= Cross—
over protocol— ‘A& (on)” & ‘FA (off)’ & 371EH
W —& o] &3] olF WA ¥l A (double blind
controlled study) & 31t} 65 Hz® 815 2417+ =}
Sk @xpuict At vpeFete], Folg £97F ok
1 ®I7) oot & Ao A aE 1Al
th A= RSt AIZEE Eolal /i 34| (Open label)
2 A7) F4& P& s, 3] A 50%0173]
o™ 20009 Velasco 0] 1342 &
A =L 60 Hz2 A23 A9 L
#51ty &3 monitoringllAd E4AUEN-S 6~8
HzA= Als Hald € (recruiting) HHSS, 60 HzA=
A& e%7]3Hdesynchronization) & &4 (negative) 2
F o8 (direct current(DC) shift) < g13I3Th 12~94
N 28t A9} Lennox—Gastaut 53 8212 81.6%
ol Ado] Zasiola, F7 1hd #xe 57.3%1A
7o) Aaslo], AN o & A4S UL

o -

Fisher group™ Velasco group2] Z}°]+ Fisher group
oM H=E HAE o fFEE FIutk ko H7]48
8 ER1E A Frhs A, FF-359 ATt 4
Z} 6 mm, 3 mm$%i3, Velasco groupeld A= A=7}
Edth= Aot} &%|%t Velasco group? ¢7t= =4
(blind study)o] ofHleE=E ok A7} NS 7Fe
AE AR = ok
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] A (Caudate nucleus)

v el Al EhA 2hgste] e A7)H ol
FeE T3, v AFo] FE Bloj Aug o
& 5 glgo] HaEoe] gk 23 FHzel il
La Grutta 52 10 HzellM+= oA 237} A|&5H0]

o} 25 Hzoll M= 90 olgo] =9 Al aurt 4
shchal 842517 Oakley 52 10~100 Hz =2 94|
a7t 93, 100 Hz A2 A-dS 717tk B
i}!q'ﬂ}

ghrol|A] AJaBEr A5 o)z Aotk 19761 Sram-
ka 52 oA o] gt dia] o 1 #F = aE
w3t 8 v} 91317 GlobasvilisS vlddl =507 69

M FH AHE FXART Basigick 1997
3 Chikhenkeli 52 3899 ¥+ 7k A} 4~6 Hz
2 WA ApFete] A Aa aiE BEslgnk”

L3R X

of

lo

)

A|4Fs# (Subthalamic nucleus, STN)

1980 Tadarola$} Gale =7 (substantial nigra) °ll
GABA agonist® F4slo] @74# axs Ik
£21¢] 9 (substantia nigra parts reticulata, SNpr)
= A% Y (superior collicular) %% dorsal mid-
brain anticonvulsant zone (DMAZ) & ¢J#|8}7] w&-el),
o] A2% wmyjshyl AW AHr} vk Egh SNpr
STNO.ZHE F#4 dZ2¢ Weth(Figure 1.7 0]
3 1AL ulE e g FHe U4E STNE GABA agonist®
o ALY 19130 Hy) A7) A2 A, 4734 &
7} R Qe

gAelM = o2 By} B33 A2, Benabid group
o] 5rgof thdt Az LR3Ik 372 A5 (central)
A Bl M= 67~80%, 159 23N 713 ghajo]

\ Cortex &

GPe GPi -.T
v !
= SN |y SNer [ —-)
v

""" » Inhibitory
— Excitatory

[ S ———

o

AZ

Figure 1. Nigral control of epilepsy system : Inhibition of subs-
tantia nigra pars reticulate (SNpr) results in antiepileptic effect.
The output from SNpr is mainly GABAergic and inhibits the dor-
sal midbrain anticonvulsant zone (DMAZ), which is located vent-
ral to superior colliculi. SNpr receives excitatory input from STN.
Modified from reference 81.



M= 40%2] A™ A7) 03, 32 autosomal do-
minant frontal lobe epilepsy (ADFLE) Aol A= &3}
7} Atk &k

DBS‘:— Ade R Fre 4Fgs £ 7hsAdol
s, ofdl gt lvhe FA7F ¥5
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