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Abstract: Epilepsy is a chronic nervous system disease, which affects more than 70 million people all over
the world. Although more than 30 kinds of antiepileptic drugs (AEDs) have been on the market, about one third of
the patients with epilepsy fail to respond to medical treatment, who become drug-resistant epilepsy patients. Identi-
fying the mechanism and developing effective treatment methods for drug-resistant epilepsy have become a hot
area in the field of epilepsy research. This review discussed resent advance on the pathogenesis of drug-resistant
epilepsy from the transporter hypothesis, neural network hypothesis and target hypothesis, and we also summarized
the existing potential treatment methods and research progress of drug-resistant epilepsy, such as surgical resection,
deep brain stimulation, ketogenic diet, precise treatment, and traditional Chinese medicine treatment. Our review
may provide useful clues for the mechanisms research and clinical treatments of drug-resistant epilepsy.
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HH T AR TC R A S ), T 24 U R AN
#hox Ty fie 50 AR B 52 BRI, T IS AR K
(1 i Ty R 47475 AR BE XU . R 0k, B iff T 245 44 0
(AL AT 5 A ) T 245 VE IR IR T 7 VA B R
AT SRR 1 3 A RA SR 245 R A AL L2 iR
7 J7VETT TH BT S E R, A SRR N I PR A ROR TT T 2
PR 5% .
1 25 Y & TR AL

B B S 245 119800 10 R 99 AL ] 1 AN 58 4 iE A
PATERIE 70 5 235 o B s A B 1o 8 19X 5% R 2 AT
i HE AR LA .
L1 HiREEEHRY XIS AR A AEDs K&
5 1€ F 6 25038 12k 1fi i BF F% (blood brain barrier, BBB),
i BBB b 4M e dz 2 1 10 i B 20 M8 o i 24 A g
B35 FEAE P HE A5, AT FEARR 1 0 24 1k 900 A6 2 1 s Y
AEDs /KM, ot ATP 454 & (ATP binding cassette,
ABC) B 2 — A ) A iz s 8, H b
MR H G R 45 ), 48 Fh ABC Bhiz R A AT LA 40
A~G (ABCA~ABCG) TN AR X G H k&
JIZ I FRA 34, A5 ABCBI JE & 4 (1 P o 25
H (P-glycoprotein, P-gp)®'. ABCC1/ABCC2 3 [X] 4 i)
] % 251 #j A 9% 85 [ (multidrug resistance-associated
protein, MRP)“VFI ABCG2 % [l 4 i 1) FL i 9 Bi 14 25
F (breast cancer resistance protein, BCRP)"', iX 3 /~1F
ZR B A BAE 2 36 R R4 KK 5 32 A R AR N
[ Bt T DAG AR P D RO R o H 2 2 B AT 1
5 B TA THiE I, U 2> 4] AEDs 3k i 4121 P-gp
Je FE T 245 1 7 T W e 2 AN IS ER A, 2 —
T e AL 06 5% e v 2 08 1) B AR Ak 2G5 W 22, T LUK 4
FL PR 23 tH A A FE — TR0 19 48 i 245 1 ST
B TRV B 10 AR A (1 B 9T, Tishler % B
f 11 4] ABCB1 £ [K (3UFK A MDRI1 2 [H) RIAKF 5
TIEW 106, JF H B M A B ) P-gp FRIE W & T
1B, o 8 44 /3 10 B W i 5T 40 J 1) P-gp Kb i T

Table 1

T o i A I PR R R TR I J5it 4 S 2 BBB )
FEALER, 15 W] BBB ¥ P-gp 51 ¢ 14 ] e 5 1 24 1 07
Ko mARILN P-gp AT BEAL L 7> AEDs W09 B 52
B RS A M, AT 9/ i P9 R R E 40 Y ) AEDss I
FEP SR, HoAth #% 12 & BCRPMRP %t 1] & 55 ifit
2 M R PR 24 1A G . R 1V OR, R I
AEDs ¥J7& ABC H R Y . LRI, H Al
1% J T 24 1 R R s ABC SR SRR IS B R
iK1 4 F LS AN TS 2 o Shao S 5T Kk L0 il
p38MAPK 15 = il % A FEAIK P-gp 235, FEAR K Bl ik 1
% 251 257, $278 p38MAPK 1] fig /& T 5 P-gp i &
K E S FIE R . HhAh, A B 7 K ILUTER miR-146
FEPR AT DL REAIG P-gp 2R IAM, 1M $2 /& miR-542-3p [ 3%
1% U AT PR 3 P-gp 7K P, $2 7R miRNA £E P-gp 1)
FAL T PR EEAE

B, B S A AR R AT DU b i R 24
T F4 22 2451 2445 A, (H G BE R R 2, — 25 AEDs JFAF
ABC Z ¥ 18 14 8 A 1 R EAR SR AFAE T 24, 10 HL 4
Hied 18 1 B Rk R R P 75 A2 DA BT 245 P
WAFFEGHIR
1.2 MEME/RU P4 E AR E A N
PRI ZR ARG R 3R I RE M T, S SR AT 3 R 42 3 50
A DA 350 T 8 SRR, A il SR T 2 R S R A M e
285 G AR A, X e R] IE I AR R RS B A A
WY 2% RO B o 3K 6 e A BIGEE A ) A 22 19 2% ] i
TR AEDs AH 5 1) N U5 U0 2 4t 45 J7 UM T 3 20
M 2514 a1 R 2R SCHRIE S EERE W
) 55 95 % (medial temporal lobe epilepsy, MTLE) Fl
FZ i & & Wi JE (malformation of cortical development,
MCD) I FRAT T

MTLE 72 fi H L AT 245 P00 28 7 22—, i i
5T A0 ) X 4 BRI S AR R AT A%, 16
e AR B X . i A AL 2 MTLE b5 & H
BRI, T ZAE G T0 T K5 0 4 i o 4 A A ik

The relationship between several common AEDs and ABC family transporters (data from reference 10). AEDs: Antiepileptic

drugs; ABCB1: ATP binding cassette B1 efflux transporter; ABCC: ATP binding cassette C efflux transporter; ABCG2: ATP binding cassette

G2 efflux transporter; V: Substrate; X : Not substrate; —: Unknown; ?: Controversial

ABCBI1 ABCC ABCG2
AEDs Human ABCB1 Animal model Human ABCC Animal model Human ABCG2 Animal model
culture model in vitro lacking ABCB1 culture model in vitro lacking ABCC culture model in vitro  lacking ABCG2
Carbamazepine X X X N X -
Lamotrigine v X X X ? -
Levetiracetam ? - X - - J
Phenobarbital v X X - X J
Phenytoin v J X J X X
Topiramate N v X - - -
Sodium valproate X X X X X X
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Cortical malformation
(mainly frontal lobe)

Gene mutation Folding of cerebral cortex

Figure 1 Neural network hypothesis

SR SCRN S ST A TTBR AR (DB E S BE A 1) i
) 097 B MTLE B % 1 R B ORI AL T Rk T2
WG IT B BN IF HAESEAT S S R A S -
WEEWTF ARG, KL 70% [ MTLE i # 7] DLSE K
HTCIR AR o X LU R 7T 45 SRR B, g A O
FREE W 2% 1) TF- ARG 9T SIS AT A] REAE MTLE US54 1)
JT . B EE4F 4 H2F (mossy fiber sprouting, MFS) #
JZ AN MTLE ifg: 5y R AT S5 24 14 507 1 2 AL
#ilo #£ MTLE 35 v, & G 20 46 ) 52 480 P30 2
SR Bl ) 73 1 2, A% A PR R il 5 B4 1 B i i
RV, Z4H I 1% T i R SR AP i S 4 f, s ol ) 30 0 2%, 223K
R I [ R AEMY . {H A, MFS 5 24 M98 9 2 8] 1)
WO R R A Rt — 205 B AR Xu
GV I IL-18 4 5 B 5 N RIS S A T RE 2 K
B MTLE 45 74 i 24 (1) 5C 8, 1M Chen 55122 L BE &9 i
T et BE A7 P PR 5 IR 8 281 ki B 55 A% ) 442 30 I A
/N MTLE #5284 v B e AR B ECK 38 H, il
LUK 1] 471 A G5 Pl X P T TE T 245 10 28 X 4 B2 1 T
B2

MCD s 55— i D (0 T 24 12 300 (14 9 B2 3, 72
) LBE TR 245 P 000 110) 32 B[R] o L 32 LAl 5 R G R R/
BP0 A0 O HG BE L AN 2H 20 R b 45 A0 P 3 B
1%, MCD ] P43 A #E MCD (mild MCD, mMCD).
Ry B2 R R B AN K (focal cortical dysplasia, FCD) Al
-] AN % 7 (hemimegalencephaly, HME) 2531 |
H FCD /& MCD iz H E B 55 A — Az =2, FCD
2 F-ARIGTT H i WL MCD, 5 15 5 i A4 i 24 14 5
Ik B R, FARVIBR K B A R IR B 5T [ #F 7] LA i
2 1 B PR AL 1T AL Pohlen PR HILAE
MCD &4 1, #4738 — X AEDs 1847 7 R0z A ik
1T FARVIBRIGTT, $om K5t 1) 53 5 45 74 0% vl e Lk

Cerebral
hippocampal —_
sclerosis

e_= o
O — G&58

Abnormal myelination

T AEDs KIEVEH] . MCD F Bz 5 5 o 45 ) R B LT
N O FJESEERL @ BERMERMZ TG, @ A
AT PR R B M o 3K 6 S 45 ) 5 A A KA DG BE TR 11
R RIKB AR K, LS R AL B E R, N-H
Fe-D-RAE IR Z & (NMDARs) 1 NR1 A1 NR2 4 iy %
AR 18 B 1 205 2 T U 48 70 0 A V3 v T 5 R
S, F A R L A (mammalian target of rapamy-
cin, mTOR) J& 40 i 2E K AN 4 1 25 Z2 18 75 [BlF, Marsan
PRI SR ILAE LR HE AR 22 o A ERFE A i mTOR
Bl Ik R R, A AR X ) R B R B R, T REIE
PSS 0 6 % R foh L 2L T 5 O 24 PN ) R A . TR
5}, 5 MCD 7R 2 (1) DNA B 3640 58748 24 i A K
DAl (1 22 12k, 197 i ag s S 5 A 20 I 8% (1 T B 2027

S, g T AR B BT e E T S T Re A
MTLE Al MCD i i 25 () 0B . 7 2R R 2, A
e g T AL 8 J& MCD, Hojp 48 45 1) A #1715 7 5 R
TE RPN s IR A T R I A 2 0 A o s /b
ORI J0T 240 P A i A S A T ik, T OEL DA S i i B T
AT DA SO B W (R R A, BN R T AT B
Z 5 TN SR W TE . 55— J7 T, YIER IR AR H
A%} MTLE H1 MCD I & A A 8 4 103097 1
R R, SR 0 0 1) 48 I 4% T A TT RE A& MTLE
FIMCD i 25 1 2 22 R . o] WL, 4 28 0 26 R i e
BT H A B MTLE F1 MCD S i 24 14178 22 I R
B2, MTLE F1MCD S8 (1) 53 %t & P 2% H JE A E
R, TEM P S ST nT DL SR F 4
DU 25 D) 0 3 5 30 B A K i 247 R A 1 247 (1 985 A
FR 0 A 22 S R AT LU, TR — S8 SCBE 5 2. i
A1, oAt 2 B (1 TR 24 TR R 75 A AE DB 1) i 2
2 2 ML B AT A e ATE
1.3 B SfRUE  Z9WHE AU 2 58 AEDs 73 1 HE
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FAE B AL I BGRAF PE R R 20 N R A T A T e
BB, A RE SN AEDs B BRI FEAG T 7 AR T 24
U2 B, X B R A H 1) 45 B 0d T A
19 Jo S A

Wz E YR H TR D P8 (carbamazepine,
CBZ) X i Ty thi bR [A1 4 28 76 B [ 74% Na I8 3E (voltage-
gated sodium channel, VGSC) I #H < #ff 55, VGSC
J& CBZ. 7K % B4/ (phenytoin sodium, PHT). $i % — B2
(lamotrigine, LTG) %5 2 Pl U i 245 ¥ 7545 S+ 42 T 11
1 FH 88 55, 3 26 AEDs 7] DA BH W8 i 2 A I 4305 11
VGSC ¥ 3l 1M R BT AE S B 58 R B, 7R 2
PRGN B8 DL A RAT — e i 24 1P 1) 6 R 25 7 BB
i (temporal lobe epilepsy, TLE) K BRAR Y A ¥ Ly itk
8] f¥) VGSC % AEDs fBUR I FEAIRD R, £EX) 2K
[ BE % 75 2 B i TLE K BROK i # 5 o CAT. CA3c.
CA4 X Kk R [ 1T IX (4 28 70 B 18 5 kB BRI, i
DRI TY XS54 2 i [X 1) V.GSC (1R 1 K FLAH S 1 4
P2 AL (¥ 4% 4k v] B8 5 80 CBZ %5 AEDs fiif 2. VGSC H
o F1 B HE 20 BB, Y p1 0 L ) SCN1B 848 5 i 24
PRI A 2% Kruger %% ORI SCN1B-C121W /&
i 245 PR 98 AH G I VGSC AR, W] 5 08 A% 14 i 24
JaR, {3 VGSC X 28 2 S48 55 AEDs ) SO FEAIRE
WA W 50K I, SCNAB 18 £ A7 15 B B Ak, 11 300 -8 i
(temporal lobe epilepsy with hippocampal sclerosis,
TLE-HS) " 3&IA T, 15 p4 MR R FEA P e 2 5
SR 2451, IR, VGSC R 5 M 5 1 2 3k St 0 Bl R AR
AJ B S H Xt CBZ %5 45 58 AEDs BIUR M T [ (1198 7E 41
il o [F)EF, SRR PR S A 220 Bl 5 B Na 18 18 % 5% A
TR O 1 4 B A5 5 R T O R A 1, A
VGSC U B,

=

K s —

Drug resistant TLE

Changes of GABA |

y-2HE T IR (GABA) 2 K J2 2% rr 3 21y 4l 1k
2236 7, GABA 7E GABA it il 58 28 % P JF i I B il
B9 b, 75 58 ful B AE F T GABA,, Fl GABA,, Wi Ff 52
PRUN, TE TR 245 TLE &35 B 78 b, B T 300 1 4 48 0
F RN, & RIA GABA, S [ 480, 1F 58 K,
TR A T 9t GABA,, S 1R Th g1 2k UL X GABA, %
PR 2 3 Ak, 28T F IR GABA, 52 AR SR R /b
IE4h, GABA, 15 516 S B T i P9 508 7 Ik B2, T
TE TLE & i T 38 43 A 40 A 1) i Py 5088 19K 12 T+
513 B GABA, AR ) Ty R PEAIGHE = % A A, X
e GABA, 52 4 (19 4 56 e T DAASE S0 7 i\ L A T
ok b, J T SRS AL, R R A L %
%5 AEDs # T GABA, 52 1R B AR 44 28 70 R (1) 1
MR R B, AR TR A T A R BLAE g T R T AR AR
BAE TRE KM, S5 GABA, AKX A1k, 1746
W5 AR S GABA, 2 AR ) 70 T DA S0 B 43 i 2
T EEL FRI A K R AE o« GABA, FR A T 2 3 ik 484 o 44
FL 5 4 48 0 7 A K i 1) ) i A DA ik 1040 i 6
SR IR A5 TR K B2 23 1) [ 20 80 FR A AT BB A GABA 1)
AR B D, (H GABA, 32 14 B0 £ [F I 5] 2
v P AR 1 A o 2 O ) R A A, DRI T 1 A
JEH 5T A%, T AE T L MR T p 20 2 B B 45 3 B 1Y) A
JEEWF IR A2 SO B BH W R 01 5 5 GABA, %
PRTT DL 55 P9 IRRZ R I A A H R ECE /) B TLE 6
B o R BRI 1, 7R 7E4F 2 M40 1% H GABA,
SR SUR A ] R 2 5 2 MmO R R I T .

gk BRI, i HLH H AT AT SRR S TR E 5 VGSC
J GABA K H) AEDs I, i ANiE 2 H Al 255 AEDs ffif
ZINLHI S SRR OB AR O . B, BB AU B
e i T R 22 HOE TR M SR OHE T T A R R 9T R L

Phenytoin

Use dependent block { Carbamazepine

Lamotrigine

Loss of hippocampal
dentate gyrus neurons

Na*

VGSC/1, p4 subunit mutation

Reduction of VGSC sensitivity

Increased extracellular
signal regulated kinase

B

Obstruction of electrical
signal transmission

L— Reduction of chloridion concentration

Figure 2 Target hypothesis. VGSC: Voltage-gated sodium channel; GABA,: Gamma aminobutyric acid type A receptor; TLE: Temporal

lobe epilepsy
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Filt AEDs B A Bt 24 P 1X — 5 DL R I 4, DA i i A1 i
Al Re RAE R — PP e AL o 1ok 3 Ffrifi 24 4 50
BB 18 5 B SR BRAE 2 2 BT 7R

2 MM EMRAATT R

21 FARIETFT € B W % 2 (American Epilepsy
Society, AES) 13, X T~ kb B 0 14 J) b 12k i 24 9
S, P B A DL B M K AEDs VR T 3 00 80
W RN AR FRIT AR VIR TR
SV TR A A R, TR A B AR B R B B
Jori I 7, BIRS Ba OR I Bz J5 v BT 1) B /s X “B
W [X” (epileptogenic zone, EZ)™", [Al 1tk % 13 B #ff 11 i
2R O TR VE T I 3 S0E NRE o BZ I8 AL T
FEQAFE LA E A I e AR, ot e fr
BFE: © ETRERZREN; @ KA, ® &
43 P TR 5 A% WG 3L AR A K 7T (nuclear magnetic reso-
nance, MRI) J HAh SR =42 i . Xt TR 6
V5 E AL ) T 24 P, D e SR O B e A, A
i O =2 KA @ B8R A
BIR PTBR 1 T R 1) A2 & MTLE (199 A: D) B TR,
MTLE = 25754 28 X 28 B U, H T HL 90 Jeb g i 2 A
P T, R e i S AT VI BR F S R B EZ 1K T R 3
o AR, 30%~50%TLE i 3 J0 % il i 4% 4t MR1 4%
FIBA A 0 D9 4 . Caldairou 255" XF 4% 48 MRI [ 2
>] TIUIAE B2 E AT B RS A8 E AL R R IA B T 93%,
9 TLE B 1) o @M sE fr 524t TR v e EEARJE
HRAESE ROk, /£ MRLER T T AT VIBR TR &R
B AL T AEDs 697" {HIR X132 K PR kb Al sE 47
T The B B 3 B0k 2 A VIR B R, W
BT O BT RS ik B R B K Bk D) I
AR EPFAEAE (corpus callosum, CC) PITF AR, Horh i H
M2 CC YA, H H i A2 FH Wi A& 1 i K~ 2K
(B 3@ T CC M AL 7. CC 2 i KR A, B

A AL R 3RO A MR D RERY . Bt 58 R I 4 5 MR
i RAF BE AT CCYIIFAR G, RIMEHILE K, X
J BT JR A P R AR, 3R B CC ml R A Jm b 1
AL F A, fEIRIT AR B, S MR MRI
A PAHE S € Ar CC Y 7 A T RE X 38, [ i &5 & R v Jigg
H1L [, CC U1 AR 1] AR R4 197 RO T /5. B
RO B 5697 B R, VF 2 HoAF R T A
T 18 7 BAT B 4 197 2%, W3R 51 = O 1) 5T #4
JT (laser interstitial thermotherapy, LITT) ) & f&, & K
PR B2 M9 /b T B0 IR 2 B R BN TE 2 2R B R, R
S AL AL S MCD IR ITE, [RIE A oy 528
X5 4 () S AR SE ) TR AR BEIG T 1 AR i — P AT
H FARVETT 3 BRI R R SR AT BT 245 MR
B, A MR T AR B, (HR T AREAR
KT, 25 5 51 R SG R I R AE, 1A 7] Reil A T e
1EH B ZH 2

22 MWEPTITE LR IEATFREEE FAR KK
I, A T — AT DL S ik B B AT .
H AT, T3 205k 6 2 0 15 97 32 A 45 2K 8 w480 B
(vagal nerve stimulation, VNS). 7 B fixi ] #% (deep brain
stimulation, DBS) 1 1 A~ 5% 2 /™ S0 [X 455 11 g )97 =X 4
2 31¥% (responsive nerve stimulation, RNS)™, JLAE F
AL ot 2 e ol ik v it o 28] Je) ER] e 48 RS S 1) R [X 3R,
DA J57 14 5 (%) 715 A, RO 9 LR U D 1 7R AR B
B WURIT R, BAR RGN BANAERIT G
LA T AR, (2 A I — 2 1 28 3 K &
VESTZ IR BT 50% . VNS J& 5 fik vl & A= 28 8N
BT, CLEEAE AN KA b A 2 ek E k2 T i
TR G o 2 2 IR A 5 5 B At i T % 14, B B2
BE 5T, AT 5% R 52 5035 3. fE 2~4 4R [ VNS 18T
J&, RET8% I Tl K AE, 50%~60% (1) £ 35 i
R AE AR 22 /D FEAIK 50% Y BT IR AR, &% H

Table 2 Comparison of advantages and disadvantages of three hypotheses. MTLE: Medial temporal lobe epilepsy; MCD: Malformation of

cortical development

Hypothesis Advantage

Limitation

Transporter It can explain the resistance to multiple AEDs in patients with It is difficult to explain the resistance to some AEDs, which are not the

hypothesis  drug-resistant epilepsy
Neural It can explain the mechanism of drug resistance in MTLE and
network MCD patients
hypothesis It may explain the resistance to multiple AEDs in patients
with drug-resistant epilepsy
It can provide a theoretical basis for surgical resection
Target It can explain the molecular mechanisms in patients with
hypothesis  specific types of drug-resistance epilepsy

Changes in the VGSC and GABA receptors have been well-

described in animal models of drug-resistance epilepsy

substrate of the ABC transporter protein family

Its related studies mainly focus on the ABC transporter family, and
there is a lack of research on other transporter families

Alteration in neural networks is also present in other types of epilepsy
that are well controlled by AEDs, not just in patients with drug-
resistant epilepsy. There is a lack of research on specific neural
networks for the drug-resistant epilepsy

It cannot explain the resistance to multiple AEDs in patients with drug-
resistant epilepsy
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JER 2K 7E #h 28 ] #4 (transcutaneous vagal nerve stimula-
tion, t-VNS) J& — Bl A 75 2L TR T 11 (1) 2K 7E #ih 22 il ¥
BT L AE— TN 46 % 53 AT 1 9 A 8 JE 1
t-VNS 677 45 R R B, 7 41% 11 58 35 00 & R 3% b
1K 50%, 1 ¥ t-VNS B A w] e 2 A B To 6 VNS 757,
TERATY IR 75 2T 2 I PR SO 4. DBS A& I 4 K A8
FH B R 22 (1) TR 245 11 30 ¥ 7 77 1%, DBS (1) B AR L)
H A7 & AN 5 %, i 52 3% W DBS X} - i /i #% (anterior
thalamic nucleus, ATN). . i H* & 71 #% (centromedian
thalamic nucleus, CMT). # & (hippocampus, HIP). 3&
J&E #2215 [basal ganglia, BG, L 4% J& IR #% (caudate
nucleus, CN) 1 =i I #% (subthalamic nucleus, STN)].
N BN J§ &8 (posterior hypothalamus, PH) F1 /N Jij
(cerebellum, CE) 45 Jill ¥ fi A R 4F (36 97 1F ',
H AT, K 2 030 A SCHR 30 L ATN A 9 B 50,
i DO L R T ROR AN R R 2 3 R

W TN, K ATN PR P4 3l 8 mT {2 b o 4 Ak vp 4100
il P 1 22 3 5T GABA FRIRE T DL R 410 ) X i 12 b 2 38
R R (glutamate, Glu) 1K 4 %2 (aspartate, Asp)
(0 RE TR, R B % A 5 A, T ek 2D R K
PEVSTI, DBS [ a2 AN [R5 23 1) ) S0 i 48 705 3))
A A [E] PR 5 ], ARSI 3 49 E BH AT LR TR R AR
J 5 Bl ST (R 22 0 B B, 1T v AU R R
A R IR AR [F) 20 #4870 iE 3 45 35 7. DBS 1)
P AR AT DLIE I T RN S 1R TT SOk T AR R
IR R T VIR FARIIA R R, 3BT 808 b, I
PRAJE 5 H 1) — 2 2% 8 F ATN-DBS I 92> 46%~90%
FIUI A VR, E — %) 110 %4 32 %2 DBS 2 H AR JR
BaE UG, B B RS 7 RN B R AR R T
75%, B¢ B IR R AE R A (JR) kb 2 X 5 B - B
ZE) WD T 71%7. RNS 5 7E 1% 22 W I S8 LU A 7E
X2 0 7 pAY i L P, R 281 A AR Ak ot A T, ]
2 AH AT AN ) 1% v A0 F SR, DA R A A T R RIRE kA
(IR AR — 006 230 44 18 F RN'S (17 24 P4 55
BHEWIATGEEVH, G BE ARG 9 WO KA 2

Table 3 Advantages and disadvantages of existing DBS stimulation methods

FEATG 1) H A B80T 90 EE oA 75%, e 35% 1 B8 35 RO <
PR A 2 BRI = 90%7 . 5 At filt 22 48 75 97 VA AH L,
RNS % 4t 55z 5 th 1A 50 ] DUAS Wr i 82 A0 A7 fif K
106 % 20 s, T S 30 3R 3 AN AR VR 97 A
LT VE L SR AL TN, R R R
TR A7 R BOR, (H R AR E R N IR SR G 5 9%
PSR N T R 3 S50 P A S i 5 DL AN RSO o

2.3 HEEITRE  AEFIRE (ketogenic diet, KD) &5 —
b k15 5 WRE B A £ 7 A TSR FH AR KA &40
R EAHREGE . SR EEMETRE, THTIE
S RV K AR S Y I 24 1 i R AT, G — R
I A R AR 259038 97 T 245 VR0 7 %6 . KD T
ARME & TE 1921 42 B Wilder RM 1+ 1 U Y, 3 48
FEI7 JLE Y 25 PEmRTY . R E T 2004 4 B RN H
BEITVRIR YT 25 TR s KD FH 198 97 T 245 PR 0
X LB S AR 2 5T W T 7 /D A JULRE 2R W0 | Rett
Z%-G1E . Landau-Kleffner Z5 A {iE #1 Lennox-Gastaut £5 &
A BEAG 28 KD A9 I 24 R0 11 1 F WL AT e
AR EZPTH 3 X AL I CESSE il R ESp WX s S ey
T Re A R A UEYE R B, A2 KB AT RE 2 R
i T Tt A 0 T R T 24 1 R ) YR T AR Y. Ak
A F WL 19 75 5 22 UE 4 SCHRF . KD FEH TIRYT JLE
TR 225 4 T8 T A A TR 1 T AN E S T RS TT =
BN FEYR YT 7k b, KD B ARG 4 #6877
Z: O £ W KD (classic ketogenic diet, CKD), iX & —
AN AL AN KA VIR IR 97 T &, EESR B g 1D
PR A Bk YRR N3 18411, CKD
FEHTLE M 25 MmN, B3 9 DL 52 PR )
PR BT 1B 07 % Ak, CKD X A A i [ 14 i
Ikl ) 256 A7 RO N 42%, Tt AR AT RAAE Dy N T 24 12
R AR G T, @ R H I = ERA B (medium
chain triglyceride ketogenic diet, MCT KD). X 2&—
B AP ZS M AR &, J7 b g n 1 AR
B ) A B H v =18 . MCT KD M T & M i A B iR &
BT KA S R B R SR B, 843 % 07 2

16669 DBS: Deep brain stimulation; RNS: Responsive nerve

stimulation; EZ: Epileptogenic zone; #: Wound infection and bleeding caused by implanted stimulator; *: The rate of false positives is poten-

tially very large for plausible amounts of sample overlap, which might explain the high seizure-reduction rates among anterior thalamic

nucleus patients

Brain target

Reduction of seizure frequency

Adverse reaction

Centromedian thalamic nucleus —73.4% lower (-80.2% to —43.8% lower)
-60.8% lower* (-80.3% to —22.6% lower)

Anterior thalamic nucleus

#
Depression, memory impairment, and #

Cerebellar cortex -12.4% lower (-35.3% lower to +10.6% higher) #
Hippocampus —67.8% lower (=77.5% to —58.1% lower) #
Nucleus accumbens -33.8% lower (=100% lower to +49.8% higher) #

RNS in EZ
In total

-24.9% lower (=40.1 to —6.0% lower)

#

The median reduction was 56%, 65%, and 75% at 2, 5, and 7 years Implant site pain, headache, and dysesthesia
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B ST py 52 v, B H AR T B S v T e
e %2 i MCT KD JFE R IR IT s 5, @
R ] 4 4 B Pk £ i (modified Atkins diet, MAD). 1972
4O JIEIR & 5K Robert C. Atkins T84 7 Bl 435 45 1t
AR . 2002 45, 2950 8 % 5 1 2 5% 1) Eric Kos-
sofflE B e e R o 5 CKD AH Eb, MAD 7E fR¥F4L
e LGB BR A 19T A0, B4 0 T 5 22 LU IR R 5 RN 0
IKWAEY) . fEMAD T, 75 B AE 2 — i Bt 38 & 1
IR IKAL G ) BN B 7 A 3 PR ) 7 10~20 g AR
K, AP B IAFRE . MAD B A 5 47 1 52 1%,
ik 2 BTN @ R B TR E0B 97 (low glycemic
index treatment, LGIT). It 77 Z& 70 ¥ & FA A 0% 45 £
W, R SR AE DT 3N, X T Jo ik 52 7% 48 KD VR I7
FR)) LB T 2 VA T 8 T R R AT o

BEAb, T 25 P00 B 220 KD YR TT AN R N L
FEAR MRE VB b 8 X i VS R IK ISR A B B R
e KA B S 1 i L E AL B 4 AR K
S VEER B LR YR E TR =, =
AR R PS KD A G i 75 20 2 U3 1) S,
24 FEWIRTT  REBIRIT RIBLE TR I ENL
il J&, X B R EAT V89T, B IR BB k500
UCORAEWIIGIT LR KSR G TT Vi 24 MW $2 41t 1
WA BRI R, a7 7 N R 5 A
YR ITY o R I — 2 RO A R IR A T, LA
— UG 5y b T 24 1 TR R E RN 1 B I A
. TSR, B T R B — AR R
AR (next-generation sequencing technology, NGS) ] &
Ji&, KB 5 8% U A O 1 s IR AR A R I, e 6
Sy BRR YT A T S s S A ES H R
Tz N A A R s s v L 5 R I 08O M, 2R
AEDs 1 25 AR 3l 7 % F1 25 2350 2 R AR, AT 52 S50 24 1
Wi . el CYP2CY A1 CYP2C19 3 [A] (1) £ 25 14 7] B
T B FE R (19 AR S A4S AEDs LTS R B H B S 2
SOl TR R T 24 P O S 2 R A R )
1, ML 2 B M BEAT KRR T, R, H ATk iR
J7 IR S e T A v A BRI 5| R 1 T 24 1 e
FRIAGHRIE T, JCBRAE TG 0 N A 25k IR A ik 281 4 o
2270, (& F T IG5 e ) A7 A, 4 258 DR 226 381 K 2
—IE AP . FEGNIB R AFE B S 2RISR
E M FAREERNME T % B AR KRR, U4 R4
JH e RO T 26 AT A% 326 1) B 2H 903 23 28 4 Ty T LA
TKEHRE. M E TR T T4, @
A W BE T 20 M B R AR T 4m . AT 3 B S T RS
MU 5T B AR AR . AN, R SRR H AT
A A BB DR B G ON ORI ) R ) Rl

%5 5 (herpes simplex virus, HSV). 12 J7 & Al If #H 5%
J%5 7% (adeno-associated virus, AAV)™ . K #1697 11 24
YA 5 H AT W 7T i 2 (19 8 FF SCNIAL SLC2A1.
KCNQ2. % A y (polymerase gamma, POLG)™, A 2%
MRS REW T : © 5 SCNI1A F2A5FH 3% 11 24 4 955 i
JHH A7 Na @8 1 Zh RE Sk 2K (loss of function), 1M
I8~ (Na' 38 38 40 61 550) 1948 A AT 6E 2 hn 2 N
KA, BRI 38 43 i 24 14 900 90 388 ok ) e B A 5% AR 2R
A Al B A R S PP E R E R AR
PEPY;, @) SLC2A1 /& 4 bt 8 & bl i ia 7 1 B H I R A
EMENRTELSSEIMEERZEEARZES
A0, K ki % 21 20 W 1A ROSCSZ R, A T B S e A o i i
I B BE B, 5 50U 2H 2B = R B AR B, 7 AR T 24 PR O
Pk o XA B 0T A A TR £ A S, A R R R R K A
7 — M AR B R, @) KCNQ2 2 4 i Kv7.2 4
IR TE B BE DN, KCNQ2 JRAZ 5 35 (1) AH I i 4 Hh A0 45 Tid 25
PRI, 1585 KCNQ2-5 &5 1 I8 18 [ 1 28 44 1 745 751 i 25
JIiEE (ezogabine) HEM T H Kv7.2, MK & 5 T HE 3¢
2R AR H 2% B KCNQ2 i i 1 15 5 38 38 Ty g, X g IR
PRGN K AE B A R 4F 97 27, @ 78 POLG RAZ 5]
S R 25 PR R R T D e R v 1 XU B, Y
G A FH A5 5 T B 1 TR G IR R Y, IX R AS IR YT
/> AEDs A R R J7 TH RN FH o 2, KR 7 1R
FHEBE 2 B, RSk EARVE R SR AL T AT e, SR 2
I PR AE 48 5 9 A B, 3 H H R IE PR R J&) BR T 5 5 ]
T BRI 24 P S o

25 HEHEET  PELENZCRARINME, Dk
W, SRR, b sy, 2 BOEE, RS G0 OO RE
ik, A RE KRR ) —F5 . fErtk bR
X I s B~ PR 2R MR R A TR IR L, A AF IR
VB UR B 22 Fh 2 IR B R, TR ) 9 R 2 9 AR 3
s O IERT BN LR, B /e R A 2 @ %K.
KT HL 25 B AR 2, NG 35 G T 5 AR,
P98 P S T £S5 T BRI EL, P e s . Hop, IER T
R 5 38 A DR 3G O, T B 400 K% o 245 W) 5 b 8 I 281
VLA 75 AL b, A5 BF 55 3% 81 A 25 19 4F FH AL
A g 5 AR MDR1/P-gp K35 %, 1IX Wy h PH B 45 &
TEITIRAE T ERARIE . A BIRW N, R EEVRIT T
LRGN LR 44 J5 T : © 2885 70, #h 5 R [ 3L
A @ KRS, @ ME N, @ BT kT
TR A 15 2 1 — 20 R N 29 VRN, R R R
5 BE R O, AU N B 2068 9T RUR R,
T AURR 5 B R 50 A v P i [ % H T, YR 9T 24
PR A A 22 1 B 9 28 DL LR (8 B R AR
FE R MLRF B A O AR AT k988 R0 S8 A i
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P (B AP EASRE L) 76— 00 60 44 WU & 2 I R F
FUUOT R 8 I RT IE IR VR IT 1 32 N R R
72.00%, f# ] AEDs 1] 28 N &4 &% N 75.00%, 5 B
{4t 25 75 7504 AT AEDs HI7 3%, I Bt A ks
IS BB/ o 76— T 56 44 B it 9E v,
28 Nii47 46 48 AEDs VR YT, 73 4k 28 NAE ML ELAl ¥
S VLIRS 76 9T, 16 8 A YT 72 )5, AEDs B & 52 DLk
TR 2L BUEE R 18 N, H H N 64.29%, AEDs 41
A R 16 N, AR 57.14%, BEACT B H
ZiHNM, FE— 0120 4 B H I, 60 NG T4
AEDs 1677, H 4y 60 N7E ULl b 25 7 48 S i i % 76
I, 45 PR W vh T R B A IR T LR VAT I VA T
W U5 34 5% BT T8 000 7 2 R AR B W BAR TR &
AEDs HU"") &R PG R B G VR 9T A Bt . JE SRk
IR, 75 FIREA 2G4 2575 7 o m N e A
Wi AT BCALLS , 1897 A 0% DO EZHL 1) 69.23% i — 2
FETL 3] 84.62%"", Wt 2 MCARLIRG & H 24570 97 1) B 2L
PEo s b, HAh 0 H G R G AR 45 A TR T O T
AEDs B.25R 77 J7 %E 3, Zhou 2514 13 Fifr o 74 P &%
B VR TT N 25 PR 77 S AT I meta 43 BT R A, BT 4H
TG F 257 A8 KT B vE 2. DLH Al
PR 8 FH IR S8 81 55 BT % In AEDs 35 24 /2 2. 4 75 48 9 491
TEKE C R P G 97 3l 45 7 Se iR AT i ik (57
(3Ll B AANA I AR 2) T, IREG HAA SR
B 91.11%, T 42 47 P AL 1) 73.33%Y, 1t B Hp
{852 37— X AEDs t 7] DUBK & H 24 R 44 50 4 (1 97 28
BRI A 925 % Lu 25N i 6 Haz A 5 e ) 57 10 £
I P AR /0N B A AR R B o O 2 A T TR

FIHE 5 = 23X 8 5 H 1) AEDs LA K 58 5 0 e - 4 5
P~ R R TR I AN RURK, AN/ S B IR R 5] 7 R
HH S B BN IR R AR S R R A JLEE . e S 3R
AN B T 85, 100 51 3 78 i R A AT 2
PEIE VR TT R0, TR X T B R 22 2 T 24 TR R
PEHE T AN BRAN B TE R R 50T R . X T RE1
(A 35087, Lan 250 OV b ) 4 24 38 22 U9 40 HH R 5 1
T R T LR 1T RS2 X1 R 1 gy, F R
A Re I b R R 2 R R T, BRI R T IR o A
JL v, X B B R B ORI R R I T AR id
R IB AL ORI AR V5 5 PC12 28 i (1) S8 A R A7
A, PR AR P 1) R A s T 2R T R o B M 4 ks
PRI AR UL T U HMGB [ 332 X 5 14 5 40 28 6
AN R JR A0 22 TR ARV E o A2 R T R AE
(AR D% 43T WL, A9 S HE A 470 it 24 1 0 v 24 7 770 1)
MU 4R 6 7 3845 S . Chen &3 i 0 2% 24
577 5 R 45 I R B T R I S A AR T TR A AT
I HR AR B SEERUE S 1 H o -1 B I AN G 25 45U
B AT A RGN BRI T CA L HER S & T B B 7, 1T
P 5 B IS FH IR st P S 3, R R R AR A
PUi 24 T R 2 R R T R BRI T AR . 2%
BT i, v a7 0k T 24 PR 1T Re A T 80 Ay
M AR R SRR A, R RS 2 T Re A
L (7 3%, EEORAER Zr W e 2 B, v 24 1R 4 R WL Pl e
55 %A% MDR1/P-gp ik  # ikl # 22 Bl /5 W A7 55 A K%,
R 52 H BARAE FH A i 5 8 B8 o T 98 75 ik — 2D i
Fo IR ZPEER S AT 7 RIS R R U
RKAFTR.

Table 4 Comparison of the five treatment methods of drug-resistant epilepsy

Treatment Advantage Disadvantage or limitation

Surgical ~ Mainly for drug-resistant epilepsy patients with focal drug-resistant  Its therapeutic effect of generalized epilepsy is not ideal. And it
resection epilepsy (or clear epileptogenic foci) can be easily affected by non-pathological factors

DBS It has a good therapeutic effect on epilepsy of frontal lobe and The therapeutic effect of current DBS methods on drug-resistant

temporal lobe origin
It may be an alternative intervention for generalized epilepsy
The adverse reactions were less

Ketogenic It is an effective and safe method for the treatment of drug-resistant

diet epilepsy

It is an alternative therapy for patients with recurrent epilepsy after

surgery and drug treatment
Precise

treatment from the source. It may prevent and intervene the epilepsy in the

potential population

The clear target can promote the development and application of the

target hypothesis

TCM The clinical results show that the combination of TCM and Western

treatment medicine has a better effect than monotherapy
TCM may have less side effects, can reduce patients' medical

Gene therapy provides a potential opportunity to cure the epilepsy

epilepsy is not good enough

The optimal brain targets and other parameters are still under study
The specific mechanism of action has not been fully proved

There are many contraindications as well as numerous short-term
and long-term adverse reactions

The specific mechanism is still under study

The clinical evidence remains limited, which is mainly
concentrated on a few typical cases (such as type 1 glucose
transporter deficiency syndrome)

Many therapeutic targets are still under study

The effective components and multiple-target mechanisms of
TCM are still unclear

expenses, and can be an inspiration for the development of new drugs
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LR W PR AT o i 24 P07 ) BOW LA 2 i
Y, DU — KB AS A2 DA 5S4 ) W, Il PR A 5 L
ST A MY, TR Te, R B B R AR,
SEMEAH R PHBR 26 T 5o T 25 PR 19 T RiB )T
TR C By R, 8 HAIG T H5R J5 1 W DBS 25147
Rt — W, fE AEDs JF A L, #E 1 2544 #E R
—HIBREE, Al DA Th 24 2 s R ) L 2 B AR AR, Th T
BR 45 & A LIRS 4P RV ROCR . AR T ARIBTT 541
WRIT AL, XF EE 34T KD 148 &, A7 B3 T 26 16 550
HR MK R 56T BEAE % BT BOR AT AN T 52
3, B —ACAEDs MJT &k 5 b R 45 &R J7 it — 25
HEHE, NATTRE T 24 P50 (L] S5 96 7 & TS —
AN IR B

YR STER: 1R % SR AT 32 5 Bl s SRS AL B
ir B A 5% STHR AR WAL £ 5 BE B VI 0 o 5 91 B ST 1A 4
FHH M.
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