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WE  HHMHE (deep brain stimulation, DBS) % K6 Y7 M 4 R0 52 sl BEIF RO 0 F M k2 —, - HIEF 2 Hilh
Pl 28 FURE A0 1A T A B R AE R TR R . B, H AR A DBS SR B T FE A bk e ) B 04 5 A0 (high
frequency stimulation, HFS), Fl=CE 204k, R T DBS #EG IR LR R H . o T 97 & 3 £ DBS #ild=t, HF
EETTRL. RN, I A R AR L RE , AR BUEET R R AL AL, ARkl 81 i i TR ASE R s )
AP T DBS HifiaX . FRAh . WS CBLAE RN AR ORIBERL AR ) . AN IR 23 (A7 0 2238 30 S A0 A R AR
WA Z 38 1B W 25 . X SRR A RE A S 5 DBS R IRY TR . FRIRRIKRERE, 7EMAS 200 LA RN | SR IE AU
PR A A AT Al L T RAF RN FH AR, . BRI, 2050 18 S 2D RS S E RS ) BA S 4 ) RV
JPAL, T ELRE S RS A RE A B R R TR, HAT IS SO0 . XA R S8 T DBS 3Bk RIS A4 9 R PR, R
T DBSHIH . A SCIEME A M DBS 458X K H: 2[RI AE AL ) it b, Z583A A8 0t K o 3 22 36 T R 98 55397 2 DB'S 6

30, ATLCAfEE DBS B9 & AR A M E (5 S

K GOARIRORE, WS, s, SRR, BRI, RO

hE4ZES R338, R318

GREPIN A (deep brain stimulation, DBS) J&
S K Y HE T 2 NN 1 PO AN 2 R U B TN
B, o R bt I A R i X R 2R 2 8L, DA
PREEIE SN, TR T Pl i VRS #5185
B FARUIBRAR B B AR L, DBS HA A, &
YER/IN . IRITATHE RT3 JFRAE/DAEE L . DBS &
BT 20 20 80 4FAL, 28 30 ZARMRMIFHR R Al
R, AR E 54 B8 H AR . 2014 4F,
RV NS N EESFE SN AL PN
F P2 SNRHEE A2 Alim Louis Benabid 136 [ B2 2k
H K2~ Mahlon R. Delong #(#73k45 17 HA 145 1 /R
AR Z PRI “hr i robese2e” | FR[E I DBS
(95 PR R TR DG B A I T R W E A 20 R4F . 2018
A, TEHRREE AR AR AT A SE A i o DG
A RESIERNH IR BEERSRA T EZE
SRR SR AU, DBS 7 E MRz 3
A, R T HATT AR 1Y & LIS .

e b, AMInEIE AT DRSS R R 2 R 5
MG s L DIRE, flipha R G0 R ARk, DA
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DBS ¥ M 22 R G AE FER T 5 R 0%
PIMHGZ AN, FE e TR g =40 B
BT, 6 RIAIT ) H L DBS 5% FH 1 240 % 5 2 oK
T-90 Hz W HL K v 31, Bk Ry s A (high-
frequency stimulation, HFS) . H T DBS fJ/E H#L
Wil AT I, AR R IR R g0 X T
Jok AR | R R B A SR A TR, DU T
REASF A NI I8 ANk, BMEXT T 28 %
DAL AR RTT, RIELEATEr 23R (unified
Parkinson’ s disease rating scale, UPDRS) Y #H ¢
TEAL 25 5 3% Fha H0 DBS T % % 6 45 HFS JF A~
RESE A THBR B E IIEIR, FI49T F R RekeRE IR ™
FREFEREAL 50% 2247 57 A i, X ORI 2= in
I e Rk N A5 I I P AN R
7 IR H, XMES HFS 75657 50 25 A A
PP B AR TP R AN S AR 2 % e L,
e DBSYY RO LN T, 7 T AT AR
RURIPRARIEE AR SOR ZEAE AR 7 1 DBS #52 S
ATREMLEI SR L, SRR AR AR R s i) 2 51
A [A]HEAR PR 7 1 A Jé 1 DBS Bibixt .

1 EMDBSHIAE K E/ERAYLHI

1.1 EHMDBSHIEE

HHDBSIRITH, —HHIMSEWEZ ),
FE B H X T kb & A= 4% (impulse generator,
IPG) RILAJIT 18 22 10 Jik o A0 % L 0 188 5 J3E 25 5
B, W HL R 81 28 T A R AR T A R ki
DX B SRR A (T Ta) . 7 0 et A i 26 S 40T
PREFIEE AL

Hodr, ko <% DBS VR 2= S E . )
wn, WERRFH B, ks /N 10 Hz A ARATT
PRI IA A A0 1032 SR AR, 38 bk A
KT 50 Hz (A 2= AR Ir ), IR
130 Hz e 7 iR B B ARy 780, M) 200 Hz W) 25 33
HAUHERIER "> [REE, I R R FH Bk A
0 100~200 Hz {Y Sy A5 EA I 7 0 1 AT 4845 —
FERFTR, AR K iR D A A S Rk,
2 o3IO A AR R PR, BRI R
DBS il >R 130 Hz 22 A7 i e SR i ik oy 41

Jik 58 B B2 DBS B ZESAL. SRR, ik
PRS2 A e A BB (fEhR . iR
PR TCASEROL AR ) 1) FELALUAE TR AN B A [
B, MR TR 2, WPk, 5

SE N T bk o B S v R 2H 24 A0 A E A S
Pl o7 SRS IR SR ELAE . I PR DBS 18 R K e N
60~90 ps FZEkup 110, G, FEVRYTT LK ) A
Bf A B 25 (i 400 ps 19 98 ik op 0L T HL L IR IR
DBS 5 2L R FH Ha g S A7 4 BURE ik opr - (A A2
XIRRAUHHE ), sk b i g S2 R RIS A 336 £ 27 i R
SREEALUR XS D

ok i 2 R ) RV S L. Gn SR B R
/N, SRR AT s SR B R, DU
R M) 1 S i BRSSO S AN R
JNE 38 AR DK SRR e 2 R, PN
TGV RN R, R AR IS 7T R g il
it S8/ AN B RO 2 (B S e . HRT, kop
KAEAy (IPG) s ki AL (RIEFRAY) Teg i A
(EME AL Pk 45 R IPG 38 5 H i 0~5 V N3
ANVE FURRAE TR R ok o, PR G A DR N2 R B it
HBAPT S AT A2 4k 5 PE U Y IPG 3 H i 3 0~
3.5 mA P HEAN R E HL A A TE i ik e, L R
TR/ i g £ 2E BRI A . AR AL ko
WAL AR 7 380 3 22 0], R TR R4,
E i e IG RYA Y7 il e 2 o)

ULk, H L DBS by HUiE B — AR i
A — R L R . DBS HL R AR 4Nk
HEZN R ok, Al SR A 0.5 A1 1.5 mm PR . ] LA
BEPEASR] A4 fis o 28 B HL Pk e a6 Tl f, plp bl
3 B EAARFIOBURR P iR =G (11 1b) . B Il
(monopolar stimulation) FEFERL I (1) — i H P
At VR B, TR E T 0 IPG A 5efE N
PEM, TERCHL O % . PR, B i A AR A
T 10 P SR A, LR BRI 2 [ A AR O
FARRIE B S e S T A BRIE 20 A, FaL i
B 5 9 A fh o 2 D 2 A B R . (& b 2
2K . HTFHAEREER K, 2 FEHRH
HFRMIRAI AL, AR5 5w B 3 1 5 A X
MR AS BN . BN I (bipolar stimulation)

WRIE B BT, PTAR R 2 4 ik o i AH @P RE 28 0 R 78
X% (narrow bipolar) F17E XU (wide bipolar) i
Fiv (B b A2 &) . BURIFOE B0 H 3 32 22 BR
TR fik i 2 18] B L JE R, HAE VSRR . W06
Jii F DBS Hif 3 126 5 B e =X, dn SR SR ofl
b GRS E N ENFAE 2w N 3 PG @
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Fig. 1 System of regular DBS therapy and examples of different stimulation circuits with their electrical field distributions
El1 IR E SIDBS % 4t & H 7R 5 I # Bl 3% B 7= £ H R 45 5 76 B 7R 15
(a) IR MDBS RGUAFEAE AN Rk b & 48 (IPG) . SRR, (b) DBSH I MR fi a5 3% 27 2R L 7= A iy B 3 53
A7 BT FBUAR RN T AR R Al s P AT B A BTG, I U2 .

1.2 EHDBSHIHLH

& H L DBS AR I H 2 280009 5l 38 HFS
TERPLRIC AR 2098, IR AMED . 2
i . a. LB AT LA 32 500 ot 22T 1 Bl
b. HLRNET ABAE RS, IFM4av il S8 Xl 28
JG; o HUFIOREE ph 2o i shVE L & R, 1F
T e 28 G K JH ) 4% 4y g 3L ] A 2

R, BF5E A BUR IS HES XA 45 7796 25 5%
MBI S A B FARAR IR IR S, $2 11 HFS X
Z RN LU DRI R UL . S SE e T
FEL AR, HFS HAER A MR A T ES | ph
28U AN MR i AR AL B A 222 TR A v] BB IS
UL T 1 4000 ) 5 fh 1 2 ik i At 28 AR 2, A
T 170 S 4 384157 i, BFF 20T b 28 0 ) sh A R AT K 1252
SR, B HES AEH 3697 00 4 2% 1 5 R
SRR AZ I, SN 5 i XA A 28T R O
B, WA B2 IR RHT
5% VB AR B AR IR S HFS BEAE 76 1 ) o) 354
AN A B ST #h 22 ST MRS Bh B TR, J8rs e 58 &
SRR, DTS I S 45 X B e TR AL
R X M B Al A 2 TT S B AN —
2 DBS 1Y FE AL .

VI 22 M9 ()7 HE R 5 A 2800 S s Z e 2
YRR & s VAR oG 20, B0 . A4 2R 5 LR
P27 S B DX R 22 e e ke S KIR1E R (burst) 5
5 20 B AR 11 TR A5 iR 9 A O 12 5 I 1
PR M 28 SO AR 0 S 8 (W) 20 i B A E o s
tf, DBS KM 1Y HFS 7 B8 238 ik 14 B #h 48 0 & ik

AR 3B [ 20 R AR R P L BV HFS /S —Fh A
T PR, AERRZ L hi SRS — R
TS B AR AR 3 4 2 B ) A g 2 )
i H., 100 Hz LA /Y HFS 2575 Sl 28 772 “Ja] ik
PE” AL SBEA B0 fik P 23 SRR B R 28 ik
T A 2 F AN R AR e B R RIFE TR,
HFS X} FiEph 2o i) 24 A e AT REALYE AT ™
Az LR AR T B0 20 440 T LY R A 48 0 I Rk
A B0 s AN, HES 5 S (15l 98 4% S B A1
RG2S ROA RS VI TR 22 [ 2% rh L3l 5 N iiFZ
[ £ AL S, NI Hh B B S i 280 55 1 A%
i s W N O R BT -9 e I OE S i
HEE LR e ERE, HFS eSS LS
B IR Sl S a5 A, RS iR
JEAG R Bl

H AT WL, DBS FI) FH HFS JA 77 326505 1) &
BIHLI AT B AEMN 2800 B4 s T 2[R 20 101
Bl X AR R A T R AR TR . T
G AR LA R EH AR, A2 (B2 ] i -4
B FBH AT & DBS Bl i pF ST i .

2 DBShkiH Fr 5l B B E AR KRR R i R

DBS Jik 5 471 1) — 10 7 2 2 A% 2 N PR e Ik
PR E AN, TR SR TSI AR A giiRe (RpAR
B, AR B Bk vl A B (inter-pulse-interval ,
IPD) . IPI A kbt 22 i 14k . BF9E R, B HFS
- 247 Jok b R —FE, TPT A S AR Bt £ ol AR
HFS Xl 28 RGERIVER 0 Ptk Wit ANFmY
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Af AR TP Bk ] A= A R[] i R e e e 7
i, ARE TP AT UG T ECRP Bk 7 51, 3
k1 DBS B ) B 2 1) FF & B AL T A R Y 25 ) . AR
K, WS AAESSEE . B B0 BRI Rt
5 3 ok 2R 5 5T AR TPT A R EOR AR =
ALHE KA AT Sl A B S G R A
H I SR A 2 T B E R R M eI TS
AR R E A TR AR LSS s RIS AT N 2R S
5 HU 1) R A EATIR A R VRS SE s LASORI 36
PEAR IR PRI i 4 AR FRE & M AR A SR (A
RECERCR . PR ZE R, X AR A
DBS 7% 14 [A] B i ] AR AR08 ) - 4 300% DA
T HLEE U S AR i 51T DLy R ) AR
STRURHLU AT (RPREALASSR) W2k ([ 2) .
2.1 FL AT S5

SWIIREE 75 271 Pl e S A e N RN 1
i B — 7 () R SR U 1 A TR B Bk ep 81 ([
2a) AT, SR AR AR 1 0 rT LA
DBSYTRL " filhn, 5 185 Hz FUIEAT HFS #H Lt ,
SERPRAREIRT, AN RIS A AR K S R 2
B HES, WISRFH 0.177 s 1) 143 Hz Jk i #10.05 s
(1) 286 Hz ik ip 2 8 5 Z M iy Jr 41 (&l 2al 1),
X 4 AR R A2 3R S Ik B A T A BT
Gy G 161 I 5 1 M S N o R ab T N 3£
WFFEN DA ST T Z RS [ AR ik i 5 H Y
JFA, WKL 185, 60, 185, 130 160 Hz 4%
10 s, FHEAEL (K2alH) . SXFARS TS
AI DL 35 45 = DBS X 4 AR RE 1 A0 SRS
W AR A R RCR I A FR R,
AHEEFEAT HFS A5 S R0 A5 5 135 6% 5 1y i )
il A2 R 25 b R ERE B R 26k . O LS 4r e
Wik [ LIt e AR B ER AMS S, BB A]
B 2 7 A0 ) 385 A R AL R 0 o A, i
WIta R R R Ko AR (40400 Hz) , B 52 ik
RZEH AR (Q1100 Hz) , FFECA HIB0R 4
7 (FEl2al F), 380 DAk G pf 28 SO AT 0 ke
LR ARSI R o A e e A o i R AE R, ARG
FL O] 3% K O AR S S B XU, 48 =5 DBS [ &
o

FLU A A5 R T RT AR 5 DBS BYITRLZ b,
I RERE IR YT BT i SMACT- R ik s e, DA 4E
K IPG M O 22 i) . il an, sh¥scgid, 78
HFS ki 581 i B — 5 B AR B (=K
7 E HEFS Ja 88 bk b A — 22 B Asf ] [ B 22 2 4 )

AR (B 2a2 ), REMEAE AR 55 1E 3
FAARFE IR A [T , KB T BT 1 X ik i i 52
Bl /N EIE AT HES (19 60% 2247, i 3 FRAR T s
(R REAE (o) FE 2P MR AR 45 Hez i #8002 43t
I (B12a27F) 7805250 Al R U5 o e
5 (130~185 Hz) AHMRLEIST &L (HI2,
WA MK (40100 ms, K2a3), 4
1 535 FLHEHOGT I 4 AR £ 12 Bl R SR AR
PR B R AR Y R ASOR L i R
S IR ASKER A i A P 28 0 LR I B B AR
SEEFIE], SR 2T n e & IR D R el p 25 I 4%
)55 IR AR LR, AT BRER X 2L 55 15 B
P2 R 2% v i AR B SR R HL 25, DA H 55 DBS
Jrag e o
2.2 FEHLELR

AWFEE N, RIEE SIS, [H5 HFS 1Y
ok wp S0 A By (45 B (entropy) W&, RNEEN
P2 I 28 A AT TR U, T 2 5 R BEAIL TPT
(A AT bk i e 270 DU P B G b ASE DL I AR BDREST
PR M5 B3 A, AT 23 DBS 11l IR 7
BTG, R B T 2RO R A R AL AR
AR (BI2b), FEHZEN T TR G
FPRR 0

CA I RIS R B, HH T 185 Hz #Y 1H 4
HFS, V- Y450 A [ 107 ik s 45032 BRI IPT i) 431 %50)
£ 90~380 Hz i [F N X1 51351434 (log-uniform
distribution) FBEHLEAIREL (181261 22 b)) AT LA
I 254 5 DBS XTI 4 AR ITRITRCR B 0 iF 2
SIS AN B R Y], BEALS AL RE
& 151 DB'S X A5 HAth ik 55 RRE R e 25O 49l
W, 5130 Hz (46 45 HES A H, IPT AR M X {E K
7.7ms (RI130 Hz) TAFAS3 A B9 BEHLAZ SR R AT
EURPUIBIR R (F2b1 A ), o] RAs /D9
() R AE AR I BEAR A o ™ E R B 7. 25l
IPLIRMIS(E R 7.7 ms AR5+ 4L (CV) H031y
i (261 25T ) Y Bl AL AS AT O 388 38 AT (1T
WU ZE LT 130 Hz (4EAR HFS L 38 5T 21
EHEATREAR LY, R TR A i R AL AR A B
#% (true random number generator) %4 E £k 14 A9
logistic WL & (logistic equation) =4 f¥ Bfi #IL IP1 fiF
Fo) RO S A5 (201 AR ), X FRisMG SR
A CE IR B S  (minimally conscious state) K E:
A G M EE AR L EAR E R AN T REBE L
AR AT B2 75 DBS TR, (HR C A W T
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10s 10 10s10s 105 10 R WO R 55045 e,
<A AR - 3
> 1< e s i T
\ 400~100 Hz# 25410 100 Hz 190Hz 015
0.03~0.3 mA 025
O [
167Hz  01s
0.3s
®) bl
IPIX R (R AR 50 TPIRIEIRA 3 A
| IR AR 000 A
PR 100 ms EIE=7.7 ms 100 ms
90~380 Hz bt 2E=7.7 ms
30 15
% 20 R 02
o & s P53 ALK I 0 43 4
10 i
- - LT
IPI/ms IPl/ms ?Ef?)jms KK 100 ms
PRI 5 43 A IPTH logistich 57 A 20
ML A WO RE AR £ 15
BE=7Tms oo 700 ms =10
Cr=0.3 oS
< 20 logisticHspf 7 AL [ 20 40 60 80
S5 2 10AHLIPI IPV/ms
& 10 I, -
oo &
0 5 10 15 20 1l0 2I0 3.0 4IO
[PI/ms IPI/ms

Fig. 2 Examples of pulse sequences with varying inter—pulse—intervals

B2 IRk SR

(a) FASHUFFRG]. (b) BENLAEST 57 6.

W, STEBURIEAR L, BEHLAE SR AT LARES L
IS 221002, DT BEATL LA 5 RObK ot T 45
S DX 28 0 R IR P A 7077 T AR i 1 R 4 A
F, - ATREX I 2 TC Y B [R) A0 R R R i 22 I 2%
B A B 1 ) A 41k v A i b 1 i 9 ) A
F, i DBS Jr4i B

fHUE, AR BEHLASORI L ko 37 AL 54
KA, 23 H 55 DBS f9y7 R = @1 ilan, 4
TPT AT fIR A B 13 34 A 0y - A 1) 22 57 AR
NI R QUL E 7S S T R o N o e

2b2) . Wb, BIESEEAR LA, RS
XoF T 5 R o RIS P 2 B )7 28R A A 3 R
P oo B, RO Z 26 1 DBS B X
W C s T E R, 2R RIS
AT AR e 42 = DBS Y748, REIRIRE

FHorp i mT BEMIL AR v 57 BR A8 B e b a5 A
SRR A L RAE Sl . B T T AZ A bk
FIBETTZ o, 2 AR T ATE I N AN [ 23
AL I AN R R R, 5 S T
[ TR 5 R] 223 3l , o n] IR iR DBS Y
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Jrak. A S e [ HEAG LT A ) DBS Bt

S A HE R R 3

H KL DBS A ERAU AR PR A, 4350 A B ik
FE A — AR FEL AR DS A 25 A — AR HL A . ANk, (]
— RS R A — % (PRdaE ) R RS (R
oORURR AR ) 0 R I 22 T A ko e A e
(IPG) AT DAFE [A]— i HE A A AN ) fih 5 582 AEAS [
HR AR b 53 0 AN TR S kb e 51, SR &
DBS A8 82 Al HEA LU0 3E 1 450 it e
Wi e o BT ST A ko 91 S 2R AT
PIE 28 b X, S Do P de 1 1 fk
S BBl PR 2 ORI, T T A R DX T P R
THE B0 1) P 22 SRR s B [R) 2006 B . X R 2238
T 5 A A PR A A 22 B AR S S B =

H il A L %) 22 388 18 O 7E SR R b S
(), BRAIH R bR 2 il DABK b ds 6 0 5
S, AE SN DX A AN TR A7 A 520 b e
4~6 TR AT DK P ZE SRR R, BROh S D e R
WoE & P W E OE | M (coordinated reset
stimulation) 7% . il s 1T 243 A % 22 A ) R
Rl . 32 255 SR ST 53 T 1 2k oo At A5 R ) —
i H e —feu i, PRI s (&
3a); [BJRROR K A p 4530 T e o7 R A v B o —
AN ER e B SR, S S 2~4 SR

3 DBSZT

JE A I 1~2 A4 SR, PR R —f R, itk
A R gL, TR BRI B 2R,
. BPRZESS A CRBER B AR 1 ) S 8 il i, &
3b) . RS AS AL (e ) 000 A fb A 40 ik
Kl 3c) FIBEMLETAS S48 (R 1] B ALAS fb i S 25
B, F3d) B

WEEMAE AR ) SCIG T R, ZaEiE )
S R EOGZ B3R % R R B A 2 e IR 1) 2l
AR 2 TR B PRE A R HFS L HL,
TR T LB S 400 ) A RV il DX AR R
T DL R i - 1 3 b 28 ) 2 v 55000 1) 2 4 R VA
R AN I S AR R, SE A
TH AT HES AH LL, 2230 38 1) 5 20 20 8t il omT DA 4
i AR R A B 20 &, I S G- AT o b 22
JC YRR & TR B 2 i A T i 224 - i iz oo
Sl B IRIAER Y, 3K 0T BB I 2 o =
DBS YRR L] 2 8 8 sl

EAR DI, BOFE 0y FLAR IS I 4 AR
BRI SE IO BRI, 22l Y S e RS
{CEA BRI L R2EVE R, BEfEAE ) 0 e 1
ik E2ywi N S TR oy GRTTRER, b€ (=R
ATYERE L AL RON, AEEUING AT AT Ei B 2%
R A IR A R A O RS B & 5 LAY
ﬁLﬁHmafﬂﬁ%@@ﬂ A R IS

2oy SR TG S s ml 42, #E IR 294
EAREAR AR 2
(b)

R R A

(mxT) (nxT)

«—>
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Fig. 3 [Examples of multi—channel asynchronous stimulations with brief pulse sequences

B3 ZidiER S5 E S REERG)

(a) MM 2B S P, (b) (o) ak A 22 3 A AR

AR AR

() Tk i i) 2o i MU IR A2 S P . (d) )i i o 22

T TE AL A2 v 2L R ) i P O S S5 0m ) BB PR 8 b 2~4 O PR S 50 A MR 5 1582, TR 4.
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TERRZEIA A AR TR (I Rl 2 B, 3ol
WOHTARL AT 0.2 mA 7647 09 00 e vl A7 )
VA ) A Y b T Ak, /N T R L GE G HFS
IR B[R] 47 RO A A L SR (~0.6 mA) %)
T EL RN B 1) 5 20 ER RO BB S5 TR R 2k
SRR IR ROV . SEBAE SRR, AR N 2~
4h/NSRIE (~02mA) WZiEE DRI, &S
5 dJEfFIERNEL, AR RO Tz 318 22 F R B
G2 MIEIR BRI E T AR 35 d At 52
FHEG, Rl IE HFS JLF AN RIS 0%, 1R
SREE (~0.6 mA) 1Y 223838 S 20 A H RO H g
SRS I RS RN,

A — IR WA AR 2 5 R I R E Uk
S22 30 38 S A R R R A R Rk N B B R 2P
&z, IEARERE R Rk, T E AR RS
AThREHF S PR A7 X 12 IR 2 S5 RE AR 1 AR T 2
IR, H T2 I8 1 AL R R S0 AR AL
RN (EPSSEEE 20 Ehe 3 E e i LGRS
AHRE AT G B0 S [R5 R 7 A= il
A8 1 5 i1 22 T 245 v ) S 9 e 2 110 1 52 %85 DD AH
O, T A U AT AT B Fh o fid g, by
BLI AT B8 -5 T T30 Bsf 1) 9 22 fl T 281k (spikee-
timing dependent plasticity, STDP) HH{J¢. X Fl
PR AT PRI R T B 8] B RS 08, AT
DA A0 28 TT ) 20 SR i 7 AL [ 55 20 01

iR SO )RR AR B AN [ A A
% . S AT L R A S [R] il DX 22 AR R AR
T, DNITTAE BE RS Bl i DX s Sl R 20 R i 22 1
. filan, ARV, TR . IS sk
FAMUAE K 3 LB A AR, ik S0 i
DK e S, AT LA 3 4 i DBS X A 287 -
e 1 B¢ 5tz s [0l fi vp S5 [ 20 4 3 00 30 ] AR
FH B2 A, I AR XU T S AR AR
W, SRR AL & BEHLE AR TP 3400 4 4 Hz (1)
Jik e g, ] DA R ) 22 m ke Bom g5 R
BRI P S )25 R R g,

AN, A L) S A1 P A 5 i 2k B
ZRIA M) AR BN, AT TR R R T
B R SR, TR AR FE S (Y 25 Nl TE |
Fie BB 2% 38 18 22 [l S T 20 ms 19 07 2 A0 dan ik
2 Hz Ak o, 35 3R 2D RO R 22 o0 &8, JF
56 4 A A 28 00 SR A ) 4 e R 2D i Y L i
R B TER BRI AT, FERER AR RS Y
1543818 [, MR E LA T 09 07 =5 A da
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Advances in The Development of New Stimulation Paradigms of Deep Brain
Stimulation”

WANG Zhao-Xiang, FENG Zhou-Yan™~, YANG Gang-Sheng, ZHENG Lii-Piao

(Key Laboratory of Biomedical Engineering of Education Ministry, College of Biomedical Engineering and Instrumentation Science,

Zhejiang University, Hangzhou 310027, China)

Abstract Deep brain stimulation (DBS) has become one of the common treatments for movement disorders
such as Parkinson's disease. It is also a promising treatment for other neurological and psychiatric disorders.
However, the stimulation paradigms of regular DBS are not diversified enough to meet the needs for extending its
applications, because current DBS therapy usually utilizes single-channel high-frequency stimulation of electrical
pulses with a constant inter-pulse-interval. According to the desynchronization mechanisms of DBS, new
stimulation paradigms have been developed by designing the temporal and spatial patterns of pulse sequences to
improve the therapeutic efficacy, to extend its application and to save the electric energy of impulse generator. The
new paradigms include: stimulations of varying-frequency sequences (including regular varying-frequency and
random varying-frequency), multi-channel asynchronous stimulations at different spatial locations, as well as the
combined stimulations of varying-frequency and multi-channels. These new paradigms may improve the efficacy
of DBS and reduce the energy consumption thereby showing good prospects in treating Parkinson's disease and
other brain diseases such as epilepsy, obsessive-compulsive and minimally conscious state. Notably, in addition to
the better acute effect during the stimulations, the efficacy of multi-channel stimulations may last for a long time
after the termination of stimulations, indicating a sustained effect or an after-effect. This performance breaks the
limitation of regular DBS that has only acute effects and opens out a new prospect for DBS. Based on a summary
of the stimulation paradigms of regular DBS and their underlying mechanisms, this review presents the
development of new DBS paradigms on the stimulations of varying-frequency and multi-channels to generate

asynchronous effects, thereby providing valuable information for the development of DBS.

Key words deep brain stimulation, temporal patterns, spatial patterns, asynchronous stimulation,
desynchronization, after-effect
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