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Current Progress and Challenges in
Developing Closed-loop Deep Brain
Stimulator for Parkinson’s Disease
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Parkinson’s disease is a common neurodegenerative disease in the elderly, which mainly
causes movement disorders and reduces the patient’s quality of life. Levodopa is the gold-standard
drug for the treatment of Parkinson’s disease, but long-term use may cause unbearable side
effects. Therefore, the surgical treatment, i.e. deep brain stimulation (DBS), can be considered.
Conventional DBS is an open-loop design, which may cause side effects due to overstimulation.
Closed-loop DBS can improve the disadvantages of conventional DBS by detecting abnormal
biomarkers related to symptoms in the brain and performing electrical stimulation on demand.
This article describes the current progress in developing closed-loop DBS and the challenges faced
during the development.
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W < AR ECHE s R 55 B8 SRR AR - B E (7) 40 2 60 3%) HUIR A2 R RS
PRLEECHY - ZZHUR A (> 90%) BIRRIR AR IR 60 5% - B HATNEE B & B AR IRER -
PRl g A AT RE B ARG ~ BRI SAME A TS BRI Al SR [F(E A N YA R - @RE WA - 18
o N R B SR E U] Fr o Al ER AR TR I SR B R (substantia nigra) B E BRGSO
(dopamine) HYIHASTC AR EIET » 1138 L22 EpifiaTT AR ST ES) 78 (motor cortex) HITE S
B - R 2 E RS TT AR AL TR BB (ERRERE " o TR AR < AR FCRE B9 A B SR JE
Fink o BAEZEYIER T I SEEENEERERER - TERTHR ARG E - HEaRHE
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BIEL I ) 0 [ e BN RS 18 - i RN E Y BB B oK FR A SMRE -1 B2 (surgical
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PRISEE ARG AR £ B R R (basal ganglia) SE PSR 2 T F% (subthalamic nucleus,
STN) » S5—{E ] EAERIN R R EAZE R A I EIE H 3K (internal globus pallidus, GPi) © &7
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VRS - IO R R R AR R IR WBGRE S - BRPR_LE I BITESE R 130
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HAHZEAREEIR(E (peak) * RAIfEHH 5 beta FLHR (beta oscillations) » [t beta F:HRIEMHE AR
EER Y B S B AR (AE 2 Frr) o S AR g2 - HEh{F R BB IR Js iy iy
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EAMEEARIERER (FFRRITERER MRS ENE) - BA S EAIERIE » I AT DUE R
SEEE BT 4 IAEEE (biomarker)™ o
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(threshold) * & beta F:HRIE = 72 B E A BUEIEE WL » 110 beta TR B BE(E R 1R
> S5 A1 PR e R R B RE E HIE R (on-off control algorithm) ;5 5 5 B8 7 H BAAE S48
TR A B 1 R S A2 P B R R AR - B AR sy R R Ry (e B TRy
—3f o BMAFIKEAREZRT Alberto Priori 2N FHBERTTA B B T RS YN BHE B& 2 B TR 8
KA AR A ETTER RIS A TRAZ A A R B B B, - U2 AT PR & v B0 B i
beta FARAVREREE L DAL R HFRE® » & beta FHIRAE R ST - AH RIS hIEE R
& ERRR S [ZE RIS EIE Y58 ; & beta HIREEEREEF - B BL A E R EH
& B ARTT R o 5 (il P v B A Ry P IR VB B (proportional control algorithm)
i SR RS PATIE B E ISR  \ B E Be e F SGE AR P (R A (A R R TR - BB S PR
E21Y Helen Bronte-Stewart #4525 FH 357 B 28 1R PR B F R BESREES Activa PC+S (1248
L35 FDA 1% » B4 Percept PC _E117) » WA BCMEAR AR (EIEL 0K - (W ACHEARE
RIS e AR » BB AN E T beta LIRGEE NI E T B8/ Y B EGETTEE L
SR o PR T S SR [ 2R B T TR o AT B S s R RSB
beta FLIRAVAE BB L DAGREE T HEEE » (E R IR AR LR B R B2 BB A TR 5 5
WE T MRER(E - E beta HIREEE R HIRBEMEBLIE IIRIBGEE & beta HIRAEEEN T
PR BB 0 D W&+ %5 beta HRHRAE B R A W9 {68 B (B HH WL A5 U4 3 7 Y RINBR & R 5
S 118 P e B e R EE R (E PR T 5% (dual thresholds control algorithm) » EAF4EAE R
SRR

FHRTE HS A AT %0 » PR B 2R RS cs A B G B R AR e R 2 AR - BRffcE
PR ISR s R B A B RNEUTH (stimulation module) » T B EE ZE AT s 22 08 26 T Aok
JECHITEAH (sensing module) FIHZEHIfE4H (control module)® - FEEHSRIECHIIE M 71 » F AL
SRS E A o BB A AR IE B R R R Sk (uV) » TR = N AR
ERY5 RE AN | 26 B R A TR i s [ i 1] G I ZE B EHIE (differential signal) @ 3B ERBETEK
D HREHEE (common mode noise) * ZLA C1 BEELETTR - CO-C2 flBE L FH 2 B £ 5 5
7 o (EREHIRAE T - FE R &R0 R AR5 B AR - BORRE R EAIEHSE - 18
A EHSR R B R » P PRS0 B TR e B A SR A A TR » SEZ I Percept PC J2 HHITE A
PRSI B R e — £ 15 FDA % r] HEHREQRIEEAH A AL 5% - & w]EGHT 100 Hz DU MBI R BB
7+ BOHIERGR R L I ER 0.5 2 400 pV » BUERSRTy 250 Hz » SRS 53 A DUDRSE (8 07 ZEREHA
B ALS T ER® o ZEH B Fr LR SRR as H a4
T RH B P BB R R s J 2 O A P B ZE T B B Y oK+ AN LR AN A BB
SRIER] vefl -
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(stimulation artifact) ° PR _F &R AR ERIBUR R (V) SHRIRE - MRESELRIR
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(common-mode artifact voltage) FlZ= {57 (differential-mode artifact voltage) ° iEZEHIAFFEE
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@ I (filtering)'” + (BEEE B MGHE LG BB I I 25 BE O e 2 O (R T b - BREL 2
o 8 F E B e R AU E R R R E R KAV Dh#E - HEEDIRI R (R 5 S59MNE
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@ PHHE: (blanking)"" © (EBE A HGE RRI R BARARR SR (D] - 715 BRSO AT 5
TREE B R B IR 2 (B R P B R - AR IERS (baseline drift) HYEIERFEEE » HER
SRR E R -

@ IR EIRZ R % (template removal) '+ AT FFS3 48 L RN 8T 20 A B Rk [ 152 1
Frix o SR TER] ZR RE R IE R - (B EREREE R SR E - BAL
KT B R A i LRIy - (HEEDUR M g - HRE (R E R RER
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FHHRRFIRERELUERID ThRE - BE B ARk B B 7 U8 DU R H A i e

B V7 P A A2 S K R A B R T A 4T () (Biomedical Electronics Translational Research

Center, BETRC) HY BB T 2 HH— TR IR (B BR B T 1 » T8 TR [R5 3R R (R H5 < BB

W2 [H@EE (synchronized sample-and-hold stimulation artifact blanking, SSAB) » JE%aTELLA
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IS, Fr - e ]S R AR R HUR RS R AL P RS NER - FERRE R R A
T < SRR O EAE R s A T PR R - SE R G U A R T A esdls - RE(FThfEE
Ko SR REFRHERF B ESHI o IR Percept PC NACE RV B I E M — R EEH - &
R R Al SRR AL E R D RE & kR A R R Has B ey - HAETSOERaHEH e
RIS S - e N R R AT T AR TE o RIBER ARY PCB AUk 1 [RARIE S
fRFT o A SN AR L B L o R RR R A R E RN ES
Bilifig/ R AR RE AR A S AE TR - BRI ER N BRYEEES - 52K BETRC WFEH LAY
B BRs T 17 50 P R I < AR EE PR ES CRIERT AR B AL T (system on a chip) @ BERA R &,
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Tt Rk SR FR R BT (A0 4 AR o PRARTELEL Frakat nl i B P ae e - REE
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THEEEHE (essential tremor)  fIl3R JJ 1% (dystonia) 2 256 FGHE (Tourette’s syndrome) H R
TfiEEE) B gamma HIRFIREIER Y o RAGE L # B0 EYIEER ol E R [F
JESE A B S RHER SR 2K IR » SHANERTTEMFELL beta HAR1E o fic < % DIE BFE B& 22 T 8
HIEgE R B - W AR ERIRA AT - BNER RS2 58 (HEIE L beta
HIRG Z R DEYIRE © m A B ETRE) A HCENS - I g R EeEL - 5al
TE G PAE B PR R M AR A beta HIREEIFIA R » G2 R AETHRAREFE &
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4. BB BRI RY B R R ERRIRER AR S BB

SE AT B RV B RO & 853 (proof-of-concept) BRI ER T » N[EIRFZ2E % 53
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WARBAEE o HHEAENEEEZ2 ClinicalTrials ID: NCT04547712) © S5—{EfF [l ZHIRIERE » Ll
B S HEEEERN IR AR - B EAE R EE R - sEEARAHE
A B A 2 RN R R BN - (DR — ST - BRI RIS SR 5 A BTG HF
AR ATRENE] » A RS RIS R 3% 8 A R L S B BERYRE T (OBHRATER] - FLplizdH
ECEE R (E TR - KrRERR AR N R ERATE R -
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FREGIE AR BUENYIR . (A0 5 FR) - EE 2 ZOES rs s 269 (MPTP) 1REEE T R B~
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U)o [ KT B 2 AR (1L e 2 P SIE  2 BESR I A B  F I BB R R A A B
B R S B AR O R PR T

ES T

IEEAR AR R FH TAMEGR L ps - fEg ZRZ AN E H AR - ZREIRA
MR RAEIE N - BEARIA AR FOIE R G - (HAESEY B AR IEORT BTG T - R ATy rTHERT
RIFRAETESE - PRERES SR AERIE0 R e R AT B - Z i Ahm A 25 A VITRSs
S DA A e B Bt G BT R - P 3 B Ay (T R st s B P
e WEINERRE S - R hl i it EGE R E 2 R P T 8L - HReR E 2T E X
B F e A R R T e P e b B R O 3% - R DR B A R SE M RS [ HE — (AT R
REHTEE W
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