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Abstract

Objective: This study aims to determine whether low-intensity transcranial ultrasound stimulation
(LITUS) can improve post-stroke depression (PSD), explore its potential mechanisms, and provide
a novel rehabilitation strategy for further treatment of PSD patients. Methods: Thirty patients with
post-stroke depression were selected and randomly divided into a sham stimulation control group
and a combined treatment group, with 15 patients in each group. The intervention group received
LITUS in combination with conventional pharmacological and rehabilitation treatments. The con-
trol group received only conventional pharmacological and rehabilitation treatments along with
sham ultrasound stimulation. Results: There were no significant differences between the two
groups in the Wolf Motor Function Test, Patient Health Questionnaire-9 (PHQ-9), and Barthel Index
(BI) before treatment (p > 0.05). After treatment, all evaluation indicators improved in both groups
compared to baseline (p < 0.05). However, the degree of improvement in the intervention group
was significantly greater than that in the control group (p < 0.05). Conclusion: LITUS shows thera-
peutic efficacy in the treatment of post-stroke depression and effectively improves various func-
tional outcomes in PSD patients.
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1. 51§

X, SOOI AE i (stroke), 739 HE LA i 25 o SR PR 2E v, R4 4hay, BEE NSRRI &)
Tt . ARSI AR BT, AT AR E B EGRMERE[1]. Hh 4R 25
BFH D HIA FIFE L RO ARV 957 55 OBERRENG, AEIRRRE AR B DL b, FRATTRRI SRR 4 e
JE AR (post-stroke depression). A H1 5 HIAR B35 ¥ 2 HU UG 48 IR AR FEE . DSEEGR | 121277 TR
ERR, RAREEIRABACRER, AT IBOREFE H 1528 . PSR IIRE, IREFE B
BEHS(0) RUR: 2235 30% [2], 46K 20 B R A3 B AR T HH A 28 SO BOT I RE ), IS 1 AR TR T i R i)
MM F BRI, WO AE = T R SR EIT %, i T i T R &, B R R E s E)
UhReksns, JUHE L EREAnIE shi s 5w AR iE 3], MEH 2RI AR B A WE, HPE AT,

B AR A — PP T N RN 636 L (>20 kHz) IAUSRSE , #3Z BH TZE 38 HUbR )i S5 AH 5S40t
B, PR B TR RGBS W, BT R R A S AR (4], 3 LR SRBE A
TR e HLy5E 28 S — ol 24 i Je G R AR, B8 i 75 i) 33 (transcranial ultrasound stimulation, TUS).
AT ARG IR A, AR ST EE LA RN/ 5Tz, HiEHMR, mifEttes. &
FIGER P AR A2 A2 75K T 1.0 MHz Al KB/ iz Wit 48 G S Fa T M R AR S, fEfa &, KR
22 PR P8 I (low intensity transcranial Ultrasound stimulation, LITUS)E A A, To B!, i 8] A0 2 6] 43
e S EVE RSO, BT OGVES].  H T MR S RS SR, R BN IRRAR OCHTE AL, IR
W 2R TGRSR 6] LR AR [ 7158, XTI 26 FEACREAH OO etk 2>, 3 20h
S SR 25 PRV AR 2T, B v o R 4 P P A B L VA AR (8], TR T A P 2B S A
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KA HATB AT 25 A B

2P RN E AT gz s TR R, (5 B 7T A S AR 5 I R I AR R S SR R T
B REASRASH, FETF Bl A S IERIE T AR R IR, A T PR R A s, AT A
1 4 FWTHGTT, @i TP SRR 2 B s S D R K G AR bR AT WA, AIm R SE k3 At
YEIT RS, BRUT AR A O T AR R S SR AR AL, R OGRS AR R AR Ve R, (R
H I NS A0
2. AREH®
2.1. RBI—RIER

HEHL 2023 45 10 H A 2024 4 10 AAELHIERIRS 5 — MR BB iR B2 RHROA i 28 5 3088 &
Hs NRHE T S8 KA RIRE A S Ak ST 8 30 91 25 Hp S FIAR BB 38 I AU B, $R RS HLBE AL 2320 2 ol
BAHANGY T, B4 15 B, s B SR 52 G TT - A 2 SARRIE T2 R 2 125 B ki R 2 4,
ARG L REFRL R — W8 E B e B 2R 1 S HE(PI2025-02-21) .
2.2. INFRE

(1) HIRWAEFE, 554 CT 8 MRI &8 F 2 WA 44 (2) 7fE 15 R~5 H; Wt H
HEMIRAEFRS; (B) BEEI N 18~75 5 (4) BETCEE J1. BT B AT NIRRT, BE5E R ITEAS,
MMSE iF53 KFETF 24 435 (5) EIRHZ A e AR i — H R IR FHPTIAEZEY, PHQ-9 ¥F4r KT 10
3 (6) B HIBEAHTE ST A I IF 25 & A R 15 .
2.3. HiRgFRE

() AN SBEAD SO IR B . (2) W ARE R, 2RI, 1775 F O 2k
ot & B B G SOFROREE R S

2.4. BiEERE

() ZREALE 4 5 E3HB B IR IR AR AT #. Q) BT Ed S g, s ™EAR
B, RS RIS, B Emg b,
2.5. LIE4r4R

Z: 52 ik v EAURE L2 208 T P AV RO R 2H . T T2 b 4T 28 ke 7 R 7, BRI O
M AR, ZRF . BERITE . BT AT T AN AT 8, LA RRUE bR
3. FHAE
3.1. BRETT

WA AR IR AT IR A LE S 2. WL ERS . VEIBIT . AHRIGYT . D FEAH S
TEIT DA R 26 i TR 28 PLIERZIaTT . RETUAIT — A S IR, —IR 20 43Ep.
3.2. FATT

MR fTHE 16T P AL 50 BB 7 R A PR A 5 (RuAo) 2 i 75 1 22 L Il UESSOC 7Y,
WESHCON: S 800(1+10%)KHZ, FkEGRI: 25ms, G2 50%. fEfFAR, HEEET%
Er RN, 8 3 AN GELIREI A, E T BT AR S NALE, 1EW TEEREEHEARE.
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Al 3EREE 20 060, GAMRRISL TERIMIT S TR RS, AR R . RIHEAT S ORT
4. MEBIEHR
4.1. BRITNRETEMG

Wolf iz8) DjRev-5r: Wolf iz 3)) Ty el i & % 7 73 (Wolf Motor Function Test, WMFT)s& [H s )72 B
P T P BE STV R0 350 LR Ih R L B R 2 B JE 0% 15 FROURISUE , (L6 % H R T
ERGEEW R R AT b, B0, WSRO H NIRRT 4 0~5 4,
I 6 G, AWM B R RS INAARAT, M5y 75 4b, RINETT R SR, BE RS, B
TP b TR R M L

4.2. TELEThEEITML

PHQ-9 (Patient Health Questionnaire-9)J& —F & FH FHIARAE I &5 S, 5T DSM-V (G K i 5 2
il 8 1 CRE AR 2 WA GEoE F ) V2 Wik dEr) 9 N2 H TR AR 15 B FIAIRE DA A AR E
MFENRE, B RIFHERERE, Hopemip, HgR, B0 T2, Lok 274, oieEiisn st
PIHSFE P
4.3. BESEREITM

H & £ 35 B8 J1(Activity of Daily Living, ADL)2&$8— AN AN T3l 2 H & AR 36 1 75 B R T AT It b 22
W55, %P5 14 Barthel %15 % (The Barthel index, BD#HATIFE, WACESEE . Pelk. wei. .
FARGEREARAEIG HERE )1, UL IhREMEREBhae DWIRA e . 1778 B IAEERESE, VN3 100 4, &
ok Ui B B H AR TS RE U .
4.4. GItESHR

B B 3k H SPSS Statistics23 AT R0, TFETEERH ¥ +5 Fow, W ETRA R
R RIS QERS 20 B AR S (R IEZS 0 AR), AHEBERERH RO fas. b p<0.05 N EEKF,
MANERAEGITFEX, Wk 1. %2,

Table 1. Comparison of general data between two groups

1. MEZRE-RERELR

HiH T4l (n = 15) BRI B4 4H (n = 15) it & p i

B/ (n) 10/5 11/4 0.159° 0.690
Fl(x+s, 2) 58.07+9.11 60.73 + 12.21 -0.678* 0.503
JRFEM (P25, P75), K] 40 (30, 75) 48 (34, 59) —0.125° 0.901
i k2 14 (n) 10/5 11/4 0.159° 0.690

E: a NtfH, b N Z{E. Note: ais the t-value, b is the Z-value. Compared with before treatment, *p < 0.05.

Table 2. Comparison of motor function, emotional status, and activities of daily living between the two groups of subjects

2. MEZRENESE). BERAEEFEAXLL

IH YBIT R BTG t i pfE
WEMT
FHMn=15) 2647 +4.55 54.00 £ 6.29 -13.74 <0.001
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TRH A (n = 15) 28.40 + 5.44 48.27 £ 5.69 -9.78 <0.001
t{H -1.056 2.618
P& 0.30 0.014
PHQ-9
TFHiH(n = 15) 16.13 £2.20 4.67+191 15.23 <0.001
BRAIPEH (n = 15) 16.53 +2.67 10.27 +2.81 6.257 <0.001
t 1 -0.448 -6.371
P& 0.658 <0.001
BI
T n = 15) 45 (40, 45) 75 (70, 75) —4.722% <0.001
A (n = 15) 45 (40, 45) 70 (70, 75) —4.747* <0.001
Z1H -0.131* -0.926*
P1E 0.896 0.354

. *{C3k Z {H. Note: * indicates Z value.

5. &R
5.1. BERBIEDH

AHFFALGIN 30 BB, PR 15 6, PRALMEN . . WA S A G A IR S o W
(P >0.05), W& 1.

5.2. BRNTNEEIEHR

PRALG B TRIT R, JR9T )5 28 KRBTV, JRITHT, W2 Wolf FIhREVFE/r thETL B E M 2 R(p >
0.05). ¥AI7JE, W4 Wolf FLIRevrrTha , ZRBEASHFE L (p <0.05), HATRHEZL T A
(p<0.05), W% 2.

5.3. fRER HEEEENIEM

PR B FIRIT AT, 1B9T G 28 KT IFl, JAIT AT, W4l PHQ-9 HITER & Bl FaHUAH L B %
P2 R (p>0.05). JEIT)E, Pidl PHQ-9 HiF&E R K Bl 153 E M ¥ (p<0.001), H T4l PHQ-9 4§
BUR AR TR (p <0.05). WL#E 2.

6. g

BT, 4aRZHEFIEME TG SRR 1 2 LS KRS, Rl sh BG4, E
DU RTINS R M 22 $AT 0B . BbE0 K Br, 4% T EE R R EE ST TR EN
FREIRITR ], S SFEURE SRR LI, MR TIRK FEWEEs 6. SiBhEe. T aEE
5y TILEIIEAT, 26 R IS HARAS B o0l J 580k, AR GG A . BRIk, TERERRIT IR,
X I L ) U A R T T AR B R E T, W R TIICE B R IE S, R ERE O
KA, NEER IR REE B, B EEIEShIRe MR S DALk HE A5 RE 77 S AT TR 1 e
B

=1 o
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A JE AR S — IR R I E S O R L HEZ A, HIFRU e T 20 48 70 48, H AT 2N HLH]
FEAFEMAB AU TN - A - B BRSOV EE, (HE RTINS S HLE R
JEIR:

(1) M ge: G758 2 F, B 2258 5 {5 15 (monoamine hypothesis) UL K 73 2R B 1A i (glu-
tamate-mediated excitotoxicity hypothesis), Fif 1A A 245 71 J5 o P 5L R 22368 ST 7K1 S, 32 BR8240
A FERESEIG RIS [9]. MEE FENREPTREKEZ G, WERP T EHINAER, Rk
ZARK R BOH A AR IR e S A A, P T, T IS TR OR , BEAS, I HAHRHDAR
£ LRSS S RS 10]

(2) FEM - A - B _E AR5 (hypothalamic-pituitary-adrenal axis, HPA): JEIE SE 18 % N E 55 %
(PVN), W& IR B2 o1 2 B UM 2= (CRH), BB AR U B R FUS R (ACTH) R T BRI
i, RS TEONE K 3R (GC), W8 R RO E 9 — PR EE R R A R Pisk Sl 2 AH G,
T AR T B AR S Ao bE B B 2 AR (GR)FF U B 15 T 5 5 HPA Bili. >4 HPA BT Mg, 2
HERRE R R, AT RSN TSR TRE G R B A BEAS (1]

(3) RAESSL: HATHEFEH, MO RUEE R I, SN SRR AR A 5 8 r () B o A SORE S8
it R, 2 2 40 5 1 (inflammatory cytokine)#3 i 1 B ) F1 €0 o J A6 H AR g — ol 1 5 ) B e o 2H 2457
P, 22 KB HOE S A R (/IR B 4H B S5 B IBOR 2 A MR R, IR 20 245405 S AE IR B o X e rh
FEH A FE-1(IL-1). AR FE-6 AL-6) [12], LAEMIBIRBEH F-a (TNF-o)f . X L6 5 K
B 1 9 S BRI ZH 2340405, 38 mT DUIE I I HPA Slohn =4S 1l R A

HAT, *FF2edr 540G sy, I PR A TR 25 W06 77 S WRIS0R T« SR P %A Fesk A1,
YR IT AR RS . BIVE R K i 25 PSR 513 ], MG 7 A, A G i s B 2% 350 o 381 38 (deep brain
stimulation, DBS), fFA{EFARIERIENSG . HFREARGYEY, (ElmR ERG 7 HBH. ToeImREEAa
FEELHE 4 PR ) ¥ (transcranial magnetic stimulation, TMS) [14] 5 28 /i BL it B fil) ¥ (transcranial electrical
stimulation, tES), #HICHIF 513 B2 AR R 330Rs e S X nT A SR 1B 28 15]. (HEAE TR, S0 AUBORT,
DRI A B R A PR P TGV A 8 S R AL, HLAE S DRVG T I A S i O e 25 v 5 AU S8 ) T ™
AR S RARO B, 7R U5 AU HO T RE(16].

25 PR P SR — o B A T O R, DR R ) A A AR L RE RS RORIBOR JE I 2 2R,
LA RAFEF T 20 s 2 VG AT Bk, BT RS /A LR L (1) FARR: BEE AR — R LR
B, FEH LI RRI 7 R e AL Dy A, e TSR SRR 75 VORI FH A2 AL i) AT ey AR 2H 24 7 A V8 Rk S5 A FH o
FEAC SR FEEE A s, AT A H AR 20 A RUNRFER A, N5 8l TE T EOF SO 4 R A Ak A AR
L1171, T A A B SR TE 5 P 28 Fi e 75 o0 i 2 2R R AR BB o (2) ARFARR: 8 75 IO WL AR = 2R
AR E RS RR AT, AR OFENUSN, SR AESE,  FR R A i s AR5 7= A 7
JEJERT BARP A, R3h H AR X BORAAR 3R AR A, (RS R 2 2 23 A i B | 1458
TRTE TR, 5 B FELAE 22 (12 45 o 20 At R TR 220 8 o A R I8, R IE BN LA AR A, AT IA 31 42
PR BR8],

TUS YE N — Rl B AR, RET- o 46 v S i 49 (R e AT SRAE R R B B o A AH SR HIE 038 4 40 R stk
AR A5 S AR BB L T AR AL AR, R (AT o 75 AR & 4 (n = 8), T-FilJs KB
B IR 9T AL B0 R A T RE BT 43 B R A T A A, PR 28 0 75 I A RPE[ 190 281008 7 il ot
TG LA T D, AT G ) B — R D% T 42 PR 75 R I R 78 09 2013 AR — AU k56, 15k
RIL TGP B E AR RS, S 3 BB P S B 46 040 W R EFH[20]. $n R — Mgl &%
BRI RE I LB )
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FEARM T, FATEINAELL N 4 B s THia e, WalEisshie i, HE
AVE B I VE S TR TGS (p < 0.05), (EIRYT R A ERIEE I RE S B Aoy, T RUAYT AL wolf T
THREVEIY J PHQ-9 H VPRI 70 AR TBURIBH AL AT S35 1 (p < 0.05),  Fos e ik 75 m] AAT 2t 76 4 R
T ISR b 258 A R S HIR R AR DO RE . 22 AR A RISy — Aol B o e e R B, BT EORRY)
B0, AHEFUA, A AT BE I A B AR (B AN S AR RN, A Rt HEAT AR 2 R e 22
7, U 7 LIRS Thag. s DhREN TN AR B E I EOR, AP E B L0 LR s s
B, 3G RCE A AE LA AL A B NXE, WA T EIE AT A DR, WL ZE TR A AT E
S NAZ S AR ERIRRES, IR R RIS 1 B R AR R, MR R, Bl RERRAS X R A
RN R . IR T T, HIssi Rz A RE s X ) 60% A . BBICHGE T4
e OIS BAT B R M, XA R RS L IR DD RE A M R AR IR D R M, RS 4Rah 1F B2kl JC R
APk, BEEE I BT . AL A s R . EIT) eI R B R AN
SRR M HE ARG, BRI OERRES N 22 5 T, HREER S HWIa R, EE,
PR S ST 1 28 o X G I 28 X T 2 o Ja RS B s S B R AR A, 25 o I B DR ek
ASBRIE SIS, B NIRRT AR Z . ST R . S E0 K Bbs, % T B RS
I A SRR F R 7 R ERREIRTIE, FRA&SBEFZRE LT, REPmEEEEZE. H
WA, EAEEREBIRA. ARNEk. WA EREG TS, EERHE s Tiae LG
BT, HE TN, Ieah IR scE RN R 7B 005 O KOG, T2 TIRECCE R TR
HWER I XIHAT T, ORI EE 1A bR I RS MEhREW R . BRI IBT T il 4
THEATT, BIRGITHT ST R P B SRR R B M (p < 0.05), HMNAERITEIH
HAEIERE VR R W2 2 1 (p > 0.05), WIRES T T AR ERARAE —E K R,

FEABTFE, AT FAFAE—E RISk nt, FATARR BE AT IRIBE DT LM A, B 0 i
RIS ZHAR ST . DRSNS T2 i R AR 5 i T R AT I 7E, AT, JATHREA
BERIINT 30 GBI, 77— RRME, 7 EERHEAT FUSIE .

BRI A FCRIA A, ARKAITFCR B GAH 2 kAT RS S b, AEXUE LI O BE A b 480 22 Hh 52 X
S, FERRREE 2 HIERTT TUS ARIZIR LA am BT L, JRICE 2 MsciE WA Rt 2 o s AR 6T s
FEENE R 12805, XA S TE 2 RS AOEREAT R BT, SINE 2 MLl HE bR, 8 5RSC
FIAERE, D AR R P AR I A v R AORE IR IR R LA I 734 AR AL o

7. BE
ER 9 B 228 fi et 7 R S0 T 2 o 5 S SR 1 _E RS B S G 28 D e B 3 ) G KT R
EHEIWMB
AR BE T o BT H %42 (No.2022AH051160)
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