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JEIRYT PD WA B AR B A A, (BR 2
5~104E Je 25 [ RAH ST LA, A/l 2 LA G
BT . DATRSS . BRI Bk B
S0, Y LG Y)YT RO I AT 2% TE A A DBS,
DBS HA A . Al LR, &—FiE PD s
SIS A BT . (B2 DBS FAREA AL,
FAAE—E FARKUR . 20 tHE40 50 43 60 4RAR LA
AR 2 N S RS MRHE R T AR AT, J kR
ENGE IR KT, WA SR A5 7S TR R R 1k
% (MRD) 515 T, ATRAEANFTIFfiE B oL T,
X ER S EA TN AL, B FDA C 2 bR IR 5| &
R £ 8 5 (MRI-guided focused ultrasound,
MRgFUS) {HflFARHTIRITREECN £ PD & 0,
A R EA IO . SRR . FaE TR
B, 28, B LB T MRgFUS JF
R B 2 2 AV R SR A A P e A R 7 g
R . AL HLRR L U 5 FE PDIARYT Hh A B
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ML A% 3¢ % (blood brain barrier, BBB) #3254 A |
fIK 58 BE 5 B 75 8 48 (low-intensity focused
ultrasound stimulation, LIFUS) 4% AR F1 7/ it /& 4
A, VA5 PD &6 HLEI . K9 PDIRYT T %
(R TEEHE—E S TS B

1 MRgFUS/ERBIZARIEITPD

oAk, TR T PD. FR A
S B E RAREEE R T 2 Y 20 4D 90 4
fCBE % DBS £ A 3, O B R B
(subthalamic nucleus, STN) &% # N il & FH Bk
(globus pallidus internus, GPi) 7 B A 4 75%5% A1
KEfEZ ARG ARE, BT DBS HA i, it
D7 B ok R IE . SR, DBS 7E BT AL
[ A R B — Bl FR TR XU . IR E
FAREESIE M S TR, XM 2EEE
#4232 DBSAHA TR . BB %0 MR 5| S 14 5
EHES S VEE e NEAN LS VN (IO RIS B P
ZHMNEFF AR . MRgFUS 7] LLAEANTT I i 1)
TEOLT, XA ZURRL, R T e
fil . DBS B FIAE A HUAR T e XUz 112

Fry 5 ' B OB 0 R B M 7SR T iz Bl B
fito 1959 ARAUATE AN, [T 440
PRI 77 A B FE 7 AR aok 1 i A0 ) 5 1 3K/ PR B R T
A4 AR U OB AR O T i 4 26 R U A R
RIS R B, IS R PR, 7 ST iRy 1 LA

FEHESS R AR o ans, ARFEMEHEOR | MRIFOR
(R A0 SR8 2ok 5 B A ARSI LA R T L
MRIPBAGF AR SV RTG YT L R B A TS
AEFISZIT W, DT AEAG R Rt T e A ) U
B S RIAES TR, e i PR R P R i o e 1 i B
ETRITHA, METRYIH, —BA SRR AT 5 2]
SN GE
1.1 MRgFUSHREAR G L

BEIRC A 28715 DI RE 5 B IA S PD R 32 2L 3
L, HAssh B2 Z A& Za4eik s, L
HRE R, BEEAN T 51z 3 K J2 Z [A] ) 3 i
ATk ELEEE B (BOIRAR- A 1 BRIk
BB FAEE R (BCRR-G HBRIMIU- Bk A% - N
WA R/ T RS ) 4o B i YR e
A RO 1T 5 R0 W [ R i B 53 e P [T E 2
T B TR B BRI AR 21 A, R i A
Bl TEARFRE I W S5 B S s Ak TP AR
TR 5T DA ] LU o B4 5 A 200 i (e gk iz g
fEPD EE T, ZEREAIZEITN ER FESCRAK
b SR R AN, ) O B ROE , STN
MArMEE I, S35 GPX G I E Y N, R
Ao LA G sl 55, E— 2B T A R 2 Y
W, RIS EDAERER . 7346, /NG )
AR DL RN i A ES 1 22 (R 04 A0 ELAE FH AE PD A9
FHLH AR EE, JUHJEAE PD RN T, PD
= AT 5 R B /N A DX - N ] A
(ventrointermedial nucleus of the thalamus, Vim)
() 55 PR 1 B VTR OG0 FE T LA A & bL i
PELE TR TR, O H AR S N i e i 2
, MM PD iz S48k . H A MRgFUS i3 47
PD ¥ & E A Vim, GPi. & F Bk I fii o
(pallidothalamic tract, PTT) F1STN, HiA:HISIE
T, VImIBEWSNAMEEST, Vim A Bl R
AGERRREEL ", GPE AR T BE T GPi X T F iR
e, BT EE . BhiR%E, X 55ahiE
iz sl s BAT WG] 2 Vim H GPiAZ A
SR NG, AR T DR SR AR KT R e A
W ORI, B AN R BUERE & 1T
PTT IHEAR Y T—F AL B T ERIH R, 7EA R
PZHZBUERLTEOLT , B Fe i je B sh g A kit B2
ELIN I AR = AR B M o A N e WS T E S £ 7K il v
[i] s A 45 o i 1) 5238 V7 PTT I RIR YT AU 5
GPiHRIAHEL, AT AERIZ & . STNIH AL
iR /N GPi 2k BE 24y, I8055 GPi X e fisi 1 2 )22
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AU, STN IH il T 220 PD A% Lris sAEIR, Ik
PP T R AR R BRI AL AR
B o
1.2 FRufg s iE izl A

2016 4F- MRgFUS Lt Vim i @il T A H Ti697
R PERZEL 2, Bond &5 YA —I0N LG BUE S8
W, Vim il R R RS ] T LR B T
PD 3 . MBI SE 27 24 5858, oy RBIRYT
H (n=7) FUEAIRITH (n=20) 4, RF34H
A BEDT, BG I7 20 v 7 200 B il IR 3T E R
(Clinical Rating Scale for Tremor, CRST) ¥4y
NFE22%, SEFEIG— e AR PR E K (Unified
Parkinson Disease Rating Scale, UPDRS) iz #lji4)
(UPDRS HI) ¥4 F B 4%; 34 Y7 41 CRST F F%
62%, UPDRS III ¥¥ 43 & K& 34.7%. 2018 4 ,
Zaaroor 5§ 2 3R T —Ti 5T MRgFUS 1] Vim 7
AlFARIAYT PD FIRE A VERRBIAY SCE, RN A 92
B FE R PD A . ARJF 641 H B, UPDRS III
7203 BN 24.9 T REF 13.4, PD R YA 16 5T
i [ % (PD questionnaire, PDQ-39) F-475 43
38.6 F [# & 20.6, 2018 4F , 3 [{ FDA {it #E
MRgFUS It figi ¥ filt 7 AR H 7697 R B8 19 PD
JRE S
1.3 EHEKHRBA

FI ] 1992 4F Laitinen A1 BAHfi 37 T 4558045 11 Bk R
JE A s BCRIR, & HEKIEm TR 2800
THRYT PD FIZC e 22 (175 K iz sl i i) 3 2 s
R A RO P Jung B IRGE T — 0
MRgFUS 5.1 GPi i it F- AR (I WF5E, 844 PD &4
IIESZART . RV 6 ™ H 12 A, 254
2% ) MDS-UPDRS I ¥ 43 43 il 2 3% 32.2% A
39.1%, %t — iz 3 B i 37 & & (Unified
Dyskinesia Rating Scale, UDysRS) 73 %l o %
52.7% F142.7%. 2021 4F- A FH)—I MRgFUS Hifil]
GPiHRI T AR, WA204 &, BER 3D H B,
UDysRS 23 T 59%, 2454 511z ol B fig 2 25 hig ik
A4 R ERE R (Movement Disorder Society
version of the United Parkinson’ s Disease Rating
Scale, MDS-UPDRS) %% = #f4r (MDS-UPDRS
D) M35 17 44.5%, BR1ZABES, RIF1VERD,
BB BRI AR TG BT I TR
14 FEEKERREMAR

Magara 55 > {3 1553 MRgFUS K il PTT
IRTAETEDTSE, 99N 13 18 PEFIMEIA P PD B3

Horpr4 2 B2 1V 0O A kg sy, RG34 H
Bfiifi, UPDRSF3> FFE7.6%, SF-YREANE IR 52 it
H PF (patient estimation of global symptom relief,
GSR) T F# 22.5%, MRI T2w & i /m #4542
Hifth 9 4 BH VAT T HE 45 KB HIRIT, 34
A, B0 UPDRS F&1K T 60.9%, GSR [
KT 56.7%, T2wEMG LAl gkl . RS % iE4l
KPR BT, F2017~2018 4E[0] k4T T —
T R R B U IS Y, L ST PD R E, R
Je T BB U IR A 124 A . RIT R E R
UPDRS 5075 31 H B FEAK38%, 14F )5 5 ARATZ
PyIF WA L REAIR 46%, 5 AR I 25 9 5 1A LR AR
51%, . SRE . dmiis 3R 92 4 F S >
84%. 70%. 73%, NHIPIRETCH B AL, V4L
EZ AR T 55%, BmmH (&% . KT
HRPA) WA BAESGE, INIIRETTW B8k, 9%
NI a1 X 7 ST ) I 6] e e
26 R 22 B SHATEIE PR 9], PD S — RS
Yo Gallay 55 7 JF & T — UM MRgFUS PTT iR
STIIWTSE, A 100 PD (% . RJ5 1 4EF T B
N, RGNS ARET 259 T AH L UPDRS £
IFHIRAR 52%, REE, YRR, s SR
IR 91%. 67%. 54%, 2 Ui 25 5L,
A DIRE T B0, BITA3 5 18 TR
BT 58%, iz sl LA . WLsk B |
PR S B HI AT 1080 o RIS AN TAFAEXT L
W RTFARE RS Y, XTI R R
TRYT e RANEE RS B 2, UM BFRE A REAR /N
H TR T FIW G F ARG A 2R, A
AW 5 G RIS LSS
1.5 ERE&ZERA

STN J& DBS i/ ¥7 PD = iz sl FRAIF (1Y B 2
R, STN J& 75 7] LUAE i MRgFUS i filt (4 #8 £ 7
Martinez-Fernandez 55 " #4717 MRgFUS #ifll| STN
A TFARARTIETE S, BT 2016 4F (A HH 5%
10 Z 25 WAIF AN B RS FRPD B, RiF 641
AT, 377 MDS-UPDRS I F-¥3F43 2454 5
Wik T 53%, Z9WFIINGE T 47%. BR1&4H8E
Gh, AEZEREHERDT . RJF 1290 A1,
JIT A BE 1Y) PD iz s RRAE AR R B RS2 1 k3 . i
VT A —3 MRgFUS B4il] STN ¥ filt AR 19 BE AL X IR
WF5E, ABLN40 & PD B . KRG 4V, 1A
7 4 AR VA TT 20 MDS-UPDRS TI1 34343 1] A B2k
I 19.9 FREFI 9.9 F118.7 FRER 17.1, JEILHIHA
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W25, ikl W STN Al LIE S MRgFUS 14 il
1RYT PD A BEHE 5

wn EATiR, MRgFUS J @l FARiG97 PD EL 2L
MR E R —, HALHE T AR R
LB R BRI B L, AR T AR R
1E, SEBUREHERYT 2 ARp ]t H bR X8R 7
1 mm DAL, 3K ARG 00T sl & DBS 1677
PLSCER 2 (HABAFFEAR R, LGSR
I N /1% - o SN =37 b vy AN 7=
sy U F IR RS R
AR I 11 1371E 17 I 1 P 1 121 (NS S
Jig e e 0 Sk 2Ty B2 2 AR R )
AR IR, 763N HZNEHHEA, Bh

RN R W RFEEAEAE 2 2 T A A EoR
B3z SE R A B Bl E 7 kP X BRI RYT
BERIAS WS It 5 [ A 220 6 R 5 A7 0 B 42 A0
Ko J34 MRgFUS JH filt 7R 322 I T L 4% 141 46
i, WFARRBEER, RAEETFER AR
AR LA FARTE, R TFARRR, T4
FEHERIRYTIL S, FEMIRITRICE, WD RIE &
A BRI S, MREFUS /RN —Fg &L AR R A
PEIGIT FBOATP AR BAR, BRMRT R, FARM
iz, DL, 7E PD BYIRYT HOR B B i
AiEE, [BF, oM DBS 28 S MR ik T
W,

Table 1 Summary of MRI guided focused ultrasound ablation in treatment of PD
#1 MRgFUSHBFARIETTPDIER

R e BT BB 2%

Fhy iR B R TETT R (BE VTN ED SCHR

2017 FEHA1PD Vim  JAIT4l: CRST F[462%, UPDRSIIF[434.7%; fBiGJ741: CRST FF&22%, [21]
UPDRSII R F§4% (Z589F 4, 340 H)

2018 EHNAPD Vim  UPDRS ¥4 T [£46.2%, PDQ-39%F4) T F&44.6% (254711, 64D [22]

2018 FBE A FEPD GPi  MDS-UPDRS {4 K [%432.2%, UDysRSP4r FE&52.7% (25563, 64N H); [23]
MDS-UPDRS T34 FF%39.1%, UDysRSTEZ> FFE42.7% (258196, 1290 3)

2021  dEXRRIZshAEshEs)  GPi MDS-UPDRS IIVF4 K [%44.5%, UDysRSP4r FFE59% (2591630, 34N HD; [25]

PD MDS-UPDRS T35 F F#43%, UDysRSPFA) K [%45.2% (2595, 124 )

2014 MM FIME I HEPD PTT 4 AUPDRSiT4 FF% 7.6%, 9 NUPDRSVF4 FE#60.9% (34H) [26]

2020 B PEAEIR EPD PTT  UPDRSIF4 F[446% (Z5#7FH1, 124 H); UPDRSTEA FI#51% (Z54:3], 18]
2D

2021 M MEFIME G HEPD PTT  UPDRSIF7 FFE52%, iff 5 BEiGEE58% (ORJG 2545 Ix LEARTT 254939 [27]
241

2018 BEAFHFRPD STN  MDS-UPDRS IIVF4r FFES3% (Z#)CH, 64~ H); MDS-UPDRS HIVF4 T 1% [11]
47% (P, 6D

2020 B EARXFRPD STN  ¥fiJ74l: MDS-UPDRS IIIVTF5 T [%49.2%; [29]

fiiGI74: MDS-UPDRS HIF-4 T 9% (Zi¥il, 44D

2 MRgFUSFF 5 BBBH B 25253587 PD

MRgFUS ) 75 — Bl A i 5% 9 0 T 45 5 A
R -fH Y (microbubbles, MBs), =SZF BBB Y
R, mabikgyy . B TAEM. PURSE
IRFIARYF RN Y H 1 . BBB H PNz 20 i i o 45 A
BRI . R R R R ZE B P
BBB R4 i 20 S 32 Ak #E R R, (Al E -t fH
WriF 23697 B2 Witk 25 0 K o+ i sk B
MBs i 3xF il WA 24 3 3K 8 P 5 U, 7R P Y
YERTT I RIS, DT S350 B 4 e B8 28 A 4 1Y)

MESE (1~24h), PR %L BBB,
AN SE T B0 24 MRgFUS B4 MBs 71 BBB JiF
o R 75 B (IR A Al I 5 5, PRl A
5SS N R 7= W A, AN 2 X i 4
AL AT, H R e 2R A T
JE RN AIRE . LS A P R A A S5 i e R TR T 7
HEA I B
2.1 ZhEEIR R

75 I BBB £ PD gl 45 70 v (14 iy FH 32 22
FERARYT, Hrh—FaTT RIS a-syn R EE
PD A4 3= B BEAFAE 2 —J2 o-syn SR IT BT WL 5
iR T PR AR RE S a-syn LS F e
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B0 AR X, T a-syn RiK T2
FiE 3R 5 B By PD 4 8O B A9 T 477715 B¢, Xhima
4 B0 45 5 MRgFUS £ Rl MBs, 4 485 47 42 1]
a-syn 5L 1) shRNA J7 51 AAVO 2 (4 7 ik 7 5 51 26
KN a-syn e EE RN, BRI F B R
Ko REBFHMIAIT 4N (S, B, i)
ERAEMEZEs%) . 1A, X a-syn FfE
FEAG, AR B2 onagt, WA 2 40 s T
oE RAE S BT An T AL . SRR
MRgFUS 45 i041 % a-syn £ shRNA i3 1% 7] fit J2 Fi
B it 2 A8 LT AR YT 7 5 o

T — P IENA YT RS2 7] DA R E L
BHREF . MEERET, WAL
F= A ¥ (glial cell line-derived neurotrophic factor,
GDNF) 2 HZ2 15 0 5 neurturin (NTN) i Y5 14
=S F  (brain-derived neurotrophic factor,
BDNF), #A N HA MRy RAEEoRE, £
R 2T = B S | o (1111 )
PIRIRI RN RIF S C 23R I 2, s 3R I+
ST RAN, (B2 TBBBWATE, 2842
IRITRBCRAE . Wang 45 1 I Samiotaki 55 ! 25 ff
JH MRgFUS %54 MBs iR 7 1558 1 ## Kk i3 5 GDNF
FINTN J5 4R X 3 3% . Fan 4§ ) R T —F#h
T BH B 100 2 58 HAE GDNF B[R ki gl igk, Has
IV, BEIn TR X GDNF ik, 3 i ki
BBB H 245 W Rl i T PD IR YT I BF 9 i 2
WIMEE T 6-OHDA i F: PD KRR SCik ik 2 1
i BT, B T ORRINIE SRR . ) — I
gEr, BEFE N GO 8 32 0 AN K URLAE hy 14k
7E MRgFUS 1 H T FF 7K BRECIR A BBB,  #8 ] 3
5% GDNF ik, s, 1R2JANKE T KR£E
MK F R Z L RERE ML on i, BEUEE Tiss)
BEAT B0 7 Yue 5 Y OMFSH, PD R BRIk
57 GDNF B hr, B ) SCHRAR 988 75 3R I 35 m 1
GDNF A% 3Z AR A0 G 1 3Rk, o TR Rz
I A N L B B S 2t =& S PSR Rt U R Y G
JRTFEZRAAR, Karakatsani 55 ) DURAH G TE MZRAA,
[i] MPTP 75 5 1) 31 221 PD /) B8 SOIRAA T i
3% GDNF, 2l 1 R BT SUIRIARZ T iR B i i
i JAE O SRAT —F# i IRYT X, MPTP
/N S BDNFIRYTY , 2 UGS LI 4
W BBBJE, AIAEAZE A IRYT 0/ BRI 2 R R AL
fiff (tyrosine hydroxylase, TH) Yt Gy [ b i &
R, AT AR RIGE . DL LR SR R A

S BBB IR T LA S 53R )7 ik s A, el
b i PN 24 383 TR
2.2 IGRFR

DL b X5 sh A R A A 5 B S T 0] B ARG
3, MRgFUS it BBB #£ A AR SE 55 77 1 AT — &
PRER . FF X AD B F 7 LR 4 0 R A Ak R
F % MRgFUS J17i BBB 1 il S8y, 47 4530F B
7 MRgFUS JF it BBB 1Y % 4 1 A 2tk o il
Gasca-Salas 55 ! 42 ilf T — Il MRgFUS i/ 47 PD Fii
JGE  (Parkinson’s disease dementia, PDD) [T 1)
R g 25 3, X HZE T 54 PDD I, IRYT
B R A I TR K 5T, IRYT IR R A TR
FEMRE , ARTERYRE R 1 SR AU A A I RS
ARG I R S i AL G IR R R U = kb UG R
AR ZHFRPIERT, MRgFUS I BBB
P4 i ATATAYIAYY PDD B ik

Zi LT, MRgFUS FFjit BBB fit i 254/ 34 A
I3 A N —FRAE R AE | SRR AR F B,
fif e T HET 25 K53+ Joik %8 i BBB 2R X 1
MERS, AESh P S T B KRR ROR 1
PD (IR Y7 TPl R o SR AR AR G R I i
W T A TR, AE BBB P AR SZEG R
7] 74 % F7 FH 7 BE 1 R BBB I il 1A BUAF 7E 22
L N M AP Y e €7 S G Y S VAN SR RE S R
() BBBHFHUAR ;. ARBEELWAYT, AR
M 259 s F1 28 2Z A AR DG R 5, {158k
KA, HARFEMAE, KRETANSESZRe T4/
P51 BBB 575 45 11k W 5 o 2 e 14 25 49 76 N i
A rE B, SRR T PD R E B S LA T4
&b BBB A A 5l 77 7T LU F Il R AT i 55, B A
MRgFUS JJi# BBB A7 PD Hy4%E ALt fe . FARZ T
W5 R, MRgFUS ¥t BBB 2% 411, WA K
B AN A B, (Rt A BT & B BBB RS | &
TCHERIE, WM TAET R, /N
o 240 B R R i SR A BTG Ak 2 H R I PR S5 2R
FETE B UFE BBB JF 14 48 4V Fn mT 33 M (1 ) A I
XIT BBB PR & 25 W16 Y7 78 PD H  pIFFE 4 8 R
WARE . M2z, MRgFUS /5 BBB P4k J&—
IDHTRS AR, AR T B W S S50 AR
B I R 5256, 5K BF 98 MRgFUS 1% & MBs JT ik
BBB IR AN, e A IRIT S50,
HARBGR B DS 25 25 ) e S DGR ) R, e ZORx
TR ARFAC TGRSR 2 B 2 55 .
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3 REBEREBERMZIFERTPD

X F LIFUS [ fifF 5¢ 7] 38 ¥ 2] 1958 4, Fry
A U R SRR 7R D R AR A MU R A I, T
PP TGS R HA o RIS, Tyler 5§ % dlid 55
TRSCBGUER] T LIFUS G819 fish & 2 /E B A0 F1 58 fish /%
DT 52 WA Al 28 R 45 0% Bl . b AT ] 2R LIFUS
(2.9 W/em?, 0.44 MHz. 0.67 MHz) 34/ 66 5
YIF CALIX, 5| H R T 46 Al 7 S 2 7l 1A
TP, SR HE RN M A Sh Ve R, g E
MM, SEHe PR R IR I R R
T o FEARSZIR T T, Tufail 55 5 & # LIFUS
(21~163 mW/em?®, 0.25~0.5 MHz) 0] DL ¢35 /)N il
R, NG, SR ML XS
#RHA (local field potentials, LFP) I3,
WLPRMCHE 5 IS BRI 5 X5 [ (R 5T sl A 34
BDNF ik Th, BEBEE LIFUS nf {2 gE A P P
AT, A RA T RSO, e, T2
AFF 8 PR ZH A AR S D T4 P 52 36 rh ik 52 LIFUS A9 fif
SR VE I 2T Rg o

SD ISI

I

1/FF 1/PRF

3.1 LIFUSIATS#

LIFUS 1Y 3 % 2 %A | 7 #e 68 & & 4
(fundamental frequency, FF) . Jk v & & il K
(pulse repetition frequency, PRF) . 5§45t (duty
DC) . j Jbk o ¥ #F Z2 i [3]  (sonication
SD) . | # [&] f% B} [A]  (inter-stimulus
interval, ISI). fkii¢2Em}[a] (tone burst duration,
TBD) . %5 [JWEAE Ik #h- P33 B (spatial peak-pulse
average intensity, Isppa) V3 %5 [B]IGAE A (]34 55
J# (spatial peak-temporal average intensity, Ispta).
DC 48 Wk rRF 22 i (7] (5 B2 A~ ok vb LB 9 Lo fsi], - B
TBD*PRF. #5FSHUCRAE SCILIE 1, AR
SO WRESORRTE] A BRI AR
L AR A TEER . BIAS4Z 0L Wang
& S N 1 4 2D O b S | S U R T h e
W B2 T =5 4°C, 5 min PRRE 23 15 RS AT 30 A 4
15 5%, FDA 2 Wi 75 8 m 10k R 75 e K
Ispta & 94 mW/cm?, #x K Isppa & 190 W/ecm?,
MI<1.9, LG as A A =0, ks 7 i £
LIFUS &4, EGUERPERCR AT T, B
A R AR AT 7 B 3 e A PO AT LA £

cycle,

duration,

Fig. 1 Ultrasound stimulation waveforms commenly used in LIFUS
E1 #ERLIFUSEH

3.2 LIFUS/RrPDi#t R
FiT 391 BF 5% ©. 5 30F B LIFUS X} AD ' | fijj %<
Hh TR SEMG A SRS, BAT R R

fEH o Zhao % 1" JF J&& i) — AR AhWF 5% 2 B,
LIPUS 7] LI 1- B F-4- 285k ng (MPP+) 5%
B 2 FETE MR AR T BERE RS, B LIFUS VR
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7 PD 2T AR T B ) o PD B B RUREAIE 2 ik S
JEANSCIRAR X I DA 7= A TR . Xu 55 1 (1)
—TRRFSE IR, RS R T ARG N DA PR, i
TR AT T4 40 (PC12 40 00) FAP) (MPTP
W PD/NERAY) SEEG, IR A I S A
MR DA SN, /NERSCIRIA DA B ik &2 26
M2 81.07% 7KF (0.3 W/em?, 5 min/d, 10d). [l
4F, Zhou 5§ ' iE L EARSCIG I IE T LIFUS 7] LA
2% PD /NS B i AR AL BOK o F9E AN U
M2 EMPTP A S 2 M PD /NRB , A RS
I AE B B 2 40 min, H67d, 2% T/NRIAT A
SR, R T SUIRA T S ALY B LS (total
superoxide dismutase, T-SOD) FI4 bt H ikt A1k
Y (glutathione peroxidase, GSH-PX) F{5 1,
I 1 8 75 ORI 2 e, 3R W LIFUS
BATIG IR . B S PRAEZH R H 3.8 MHz F il
7 R Sk 43 0l R 45 /N BRUSTN FITGPi i X, R
30 min, 3£7d, B3% T PD /)RR ERE HE I ANFT
M RYAT 28, L Bel-2/Bax Huf], 3%
PO T R R Al R T AR IR X
MPTP i 3 19 PD /)N RS B E 47 5 R UR A RO 52

FE—T S S ge p 7, A PR STN K X5 min,
M1 [X LFP {555 H beta J B (1) °F- 3 T % 1 5 FAIX,
beta 115 gamma I BL 2 [8] L & beta 1 ripple 2 [8] AY
AT R E RS Ao I AR 55 . 7E K IRse g,
R AN LB, IS 4 K/ Rz o R rs A5 212 i
M 1) B 5 Zhou % ') B6IE STN-LIFUS .14
0] DL MPTP 45 % () f B, ik 5 40
STN-DBS # i ] STN-DBS %I PD 2 & iz s T RE 1Y
MO BN — 30, 1F Sung 25 7 () —TRAFSE
15 min/d, 5 d/Jf, 6 ARy LIFUS T8, 2% T
6-OHDA /55119 PD K R RI 1T 2 R B0, 3 m
T RFMZCIRIAM B R TR, W] T sz
RAE, WHEWEINT THYEA % . Chen s 7 HIHF
GEHE— A EDUE 1R PR AT LA MPP+7 R A4k
PARDIRERERT, SCE/INRAYIZ S APEiraE ). fl
() —TTURIF R DA 0 A B U R T I3 B8 75 el
% 6-OHDA X K R P 2807 . LA BRI
KILLIFUS 47 Sk ph 2T Mgl 2345, 229 LIPUS
M ERN PDIRIT TR Y, SIS LIFUS
PR SEOR WL 2,

Table 2 Summary of neuromodulation research on PD pathological models by LIFUS
2 LIFUS YWPDfRIEER I ERF R 3 H

SRR

S
) "

BT

PC1241f2 FF=1 MHz, PRF=100 Hz, DC=20%,
Ispta=50 mW/cm®

PC1241I}fd FF=1 MHz, I=0.1~0.3 W/cm®

PD/P R o
PD/Mi  FF=0.8 MHz, PRF=100 Hz, DC=10%,
iBE R E SD=6s, ISI=10s, Isppa=760 mW/cm?
PD/MR  FF=3.8 MHz, PRF=1kHz, DC=50%,
STN. GPi SD=1s, ISI=4s, Isppa=180 mW/cm’

AN

PD/ME FF=0.5 MHz, PRF=1kHz, DC=5%,
STN SD=50 ms, ISI=1s, Isppa=5.1 W/cm?
PD/NR  FF=0.5 MHz, PRF=1kHz, DC=5%,
STN SD=50 ms, ISI=1s, Ispta=255 mW/cm’
PD/NR. FF=3.8 MHz, PRF=1kHz, DC=50%,
STN  SD=1s, ISI=4s, Ispta=430 mW/cm®
PDAR  FF=1 MHz, PRF=1Hz, DC=5%,
SURPE  Ispta=528 mW/em?

T MPP-+5 3 (K 2 KL AR D) BERR RS AN 725 JRISMPP+ 2 AR 4 [63]

PC1I2AM M T IDARE RGN /N AR R SUR A DA S B30, J2zhkeks  [64]

LIPUS 18 &3/ Rz s, BSR4 T-SODMGSH-PX P [65]

M3 T PD/N RIS 3 ThRE; 3R Bel-2/Bax ELfl, | £ iR B i CytC,  [66]
it 2 B e 4t Bl B (R A

LIPUS Sminf5, MIIXLFP{E 5 Hbetait B 1P B FC, betafllid  [67]
gammaiil Bt 2 [8] L K betaFlripple 2 8] I AH 7 18 FE 45 A 0 5 W 2 AR 55

LIPUS A EB 4R B 55 14K BT 5 PD /I SR SE 3G . wig g fmiaek  [68]
AR AT AR

B0 7RI RFTRIG AT N R PR T A RRE R B B> [69]
aSynfi &, BAMZRY ThEe

BiE K RAizshofe; ik6-OHDARE T K RSUIRIERISNpe M TH/AK T/ [70]
FEAlR: HEINGDNFE /K ; FEARSNpe P LCN2FIIL-1B KT
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I X R =
S H FELG

(HEAD M AR ik

PD/M. FF=1 MHz, PRF=1 kHz, DC=20%, IIEMPTP R /N B 1 AR 2 23 98020 SNpe HH THIHPE# &2 e i & 2, [71]

G T=(123+2.781) ~ (110.667+3.138) mW/em?; Ji/D#ZTidT:, B3k 7 /NRIBEIThRE, HMHIMPP+5] 1) 2 E L RE L

(FEM
N2agififl  1=(40.5+1.857) ~ (40.3+0.919) mW/cm? N
(4t

PD KR FF=0.5 MHz, PRF=1kHz, DC=50%,
A K% SD=400 ms, ISI=2.6's

Isppa=2.6 W/cm?® TR

TCIE P FEARAT I o0 0, A0 MPP-+ 51 2 1% 11 S AR 58 AR b Ak i R iz

6-OHDAVES — i J5, MRIFAEFIX, HITHMIFAEEE R TFEa; [72]
TEESHMEECR, WHIT HMFAE R E /N THRA, BITHT ~EHRE R

Isata: 55 [A]SF-340 (R SF-275%  (spatial average temporal average) ; Ispta: %5 [B]UE{EF- Y1} ] 7558 (spatial peak-temporal average intensity) ;
Isppa: =S [HJIEAE -5k oh 5% (spatial peak-pulse average intensity); SNpc: HEFTEU# (substantia nigra pars compacta) .
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7, STNFIGPi i BEITG, Xiz o i J2 i 3] v
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JE1ED), BE sl E 2, Wi PD/NEIT
IE RS . LIPUS JAYT PD (14 55 4 —F /R AL HI AT
B 2 38 2o A A0 L P AR B SRR AR T RE B A
AL ER, W8/ DA S otsET o
LIPUS TR JZ AL rl 6B I 25 ¥ 38 18 3h ) 22 1Y 28
fb, EA#FE & B LIFUS ¥ ¥ 7 AR f T TRPA1
WIEMTFR 7, RGN T TRAAK G 16 #f H
S LRI B 3 S LE PD BRSO G E
I, RAATHEBERBEAREADIIE, RS 7
BEE LA

Zi BJFA, LIFUS A] LLgi%E PD shi i Aliz 5
BREht, PRt ER, T E AT OO R )
5 B A A5, E PD MR YT 5 AT S D0 . SR
LIFUS WRIT SRR G — it , SECA R
HARE 57, T PD sh AR IR T S8 i, AT
DI %5 Wang 55 7 (Y SER TR, BABRESRL,
VEDIbR B E AR IR bR . S4h, WT
TS B ELERT, O S S8 A R, PR
SRR, Ak, AR R RO A R T —
R . RRERBAVFIEOT, TEIRKIL
YE LIFUS BIRITACR . WRIAYT I %enifr, Fhid
WEZPDEE .,

4 FEEEFEEPDIBTHRHIN A

75 it AL 22 A T 2015 4F B Chalasani #2 1 ,

PR EAE AR R I TR AR U RS+
TR VR SR 0 AN, R A R AR A
b T O B - SE T, DA T S B 9 4 A i ) B Y L
AR U R T A T RS2 R R AR
BUBC AT 838, i Na', K°, Ca”™ 555 1l
b, BB sh RV AT AR R A 3. HETE
2R PRGBS AR E, (HHEA D
Bl R T T A, IR BRI 2 AR A
(transient receptor potential, TRP) & f-ifiif . KX
HL AL AR 25 -3 38 (mechanosensitive channel
oflarge conductance, MscL) . Piezo & F-iH il . X
FL B 38 18 K % (channels of the two-pore-domain
potassium family, K2P) & 77/,

TRP i B JL-P 1A A A B
Ibsen 55 7 UK S LA 45 G, JETRP I
R  Z — TRP-4 5 I8 T FH A4l
b e S AR R IR M P AN B (U 7
J£0.4~0.6 MPa, 2.25 MHz), YfEFfE LIt
Ik TRP-4 ISR 2 1B TE I, A28 000 7 I
PHRRURE TR 7 I A MBs A FH R AT 4 S P 0
290, MMEEL AT R X IBIFSY S i o i e
S I i % ) 3 o) B 20 94 0 FH B A

MscL & F-ilE 2 4 i) — R U UG TE
15 Ye 55 7 By —Jbi g b, AR AR TR R B
T Sh P 2250 i Dy b 38 MseL, Ik BH 76 it Jin 1%
FE S Pk oh s AT IE 0T, S TR 2T L
PRABCRE AT i /E MscL 284K 1921, 1921 MscL
TEWEAE 171K 0.25 MPa (29.92 MHz) FOYEF 7] LA
fil & pi 22 G EhVERLAL, BEAR, T92L 28 AR AR TR A
by 1 B P K A, R SRR I AR R ik
5Hz WPRELJE, XIUTAERJE 1L 2 1 2 al
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FWIHT MscL 1y T H 7] T 0 28 5016 3l 0 Jo
PRI
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FLahan i b S PRSI, SRz L
BRI, B FEIEFT I, SR TR AL .
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Abstract Parkinson’s disease (PD) is the second most common neurodegenerative disease after Alzheimer’s
disease. The commonly used treatments for PD include drug therapy and neurosurgery. At present, there is no
definite method to prevent the development of the disease and new treatment schemes need to be explored.
Ultrasound has been widely concerned and used as one of the treatment methods for PD due to its non-invasive,
high spatial resolution and high penetrability characteristics. In recent years, MRI-guided focused ultrasound
(MRgFUS) ablation technology, MRgFUS open blood brain barrier drug delivery technology, low-intensity
focused ultrasound stimulation technology and sonogenetics have all achieved promising results in clinical
research or preclinical animal models. MRgFUS ablation surgery is generally used to ablate unilateral nuclei to
treat PD motor symptoms. This surgery has the advantages of non-invasiveness, small damage and quick effect,
which shows a good application prospect in the treatment of PD. The blood brain barrier is a major obstacle for
the effective delivery of macromolecule drugs to the brain. MRgFUS coupled with microbubbles can temporarily
open the blood brain barrier, allowing drugs to enter the target area. The MRgFUS open blood brain barrier drug
delivery technology has shown good therapeutic effect in PD animal models, its safety and reversibility have been
preliminarily proved in human experiments. However, several key problems, such as effective ultrasound
parameters, optimal microbubble size and administration dose, need to be resolved before clinical application.
Low-intensity focused ultrasound stimulation technology is an emerging treatment method in recent years. It has
demonstrated neuromodulation and neuroprotection functions in PD animal model studies, which can reverse
animal movement disorders. low-intensity focused ultrasound stimulation is a potential treatment option for PD,
but it also faces the problem of unstandardized treatment parameters. Sonogenetics is a new technology developed
based on focused ultrasound, which is controllable in terms of spatiotemporal resolution and cell type. Several
ultrasound-sensitive ion channels have been discovered, but whether these ion channels can be expressed in the
human body and the related safety issues remain to be verified. This technology is currently in the early research
stage and has great potential for development. The main progress of transcranial ultrasound in the treatment of PD
in recent five years from the above four aspects are reviewed and some scientific problems are discussed in this
paper, hoping to provide certain reference and help for the study of the pathogenesis and treatment of PD.
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