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PR . ERYT I, Gl R R A
7 (high intensity focused ultrasound, HIFU) R4
(Pl 1a) o, 75 77 AR ) FA i ATl B SR BT
HIFU (8 54 DO A2 1 mm, 3 10 mm .,
PSR 1=100~10 000 W/em?) R EE e 245
JRTBALUREE I 60°CLA I, PRFRX AR 20
W RER ALV EAT] W R EEEVERSE, ST
RIS saipui e 7. BERITESD, TS
A REIRE LT, AT REXT LA H A 2 27 A 7™ A4
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Fig. 1 HIFU(a)'", catheter—delivered(b)"” and unfocused(c)" ultrasound system for therapy, and their therapy
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Table 1 Development of ultrasound technology for ASCVD therapy
*1 @FERTTHEGREEL O I ERFR AR ZRKR

AR

KR

1970 19704 H AR 1 B 197 68 75 v o7 S8 o JO LA SE BUASHTT R4
19764F Triibestein% 207 4 Vit 485 N B Sh 47 ML/ v 1R 2 700 75 AN 2 B R @40 AN O i L 7T DA S7 B3 R A
1980 19884 Siegel & PV I o HLAT LR APL I S48 AR 1R T 0%, AT ASTRANSZIG, Szt 48 SAIE M 1 /] 2 FH 1
19894F Siegel & 1221 i ] S48 2 7 22 45 08 8191 ML 65 0 BB 1 VHEA T I R 52563
19894EKudo 2324 2 v i 1 75 81177 3CHEAT 35 58 B 48 75 38 et PA O 2PV 11
1990 XS S RS2 BT RSN UL 3 U6 2T fls R P61 9ei, dE— B IRE S EOR (T R e A, EIE B E R

(flexibility) AT (steerability) P77,

DRAERE T AOFE I A, A P A SR A IR A /NN 10 pm PR,
ZUGHAT R TRy AR TR Al 7 L SR AR R s B0 3 D03 Rl sty B2,
19954F Tachibana B30 5] X\ 3 S AIMBRUES 2 B2 3897, SRIEA AMBIINSEZS LT3 16«

2000 SRR MBS &7 R, Mz ks B9,

2010 20124EWright&F B HIFUROAR R TR SNA R S0, 52 N2 Wl Rk
S B ey RAER RS U FIHIFU ) S T R MIE R AR E. Hd, SEAMERERFTIRE
HEAT TR SREG W T, MR V2 B TR ARYRYT . HIFUAL TS5 50 i B o

AS: BhksEFEREfL (atherosclerosis); HIFU: =il fE R4 (high intensity focused ultrasoun); MB: f#ifi (microbubble); rtPA: H4]

LV RG] (recombinant tissue-type plasminogen activator)
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FE . WA MBS EYE . (RS TR E YR
2L PR E TR . I, BT RATEBR
HRRST, Bl AS BEH AR BT 1Y, ik SEHL
YERT CRiFA8h MN ) Aedk25 iR A2 2F 4 2 [H]
zs i), P s 25 E R B
22 Z=WIER

#H A 254k (ultrasonic cavitation) 1F FHJ& 78 48
FIHBR AS B B ZE AL . RS AR RS AL
1B SFE B P AR b AR I AR S ), X AT LA
T BRI PR AS BB B R R s AR R AR,
FEZIM G, ZEE T S0 7l AR i /N s
(PR, MB) &AK ., . BT,
T E VAR A 5 At i 22 A B, 7 o AR A 3 e
FE, MBRSFIHAE S S sl i 240, A% il
JEREA 1000 K, JRyif I )l ik 2.02x10° Pa 7,
WRE 2 b is shdetk, S A=k (stable
cavitation) FIAFRE 251k (unstable cavitation)

i, g e (JEBPE 2 b, non-inertial
cavitation) JETEHAEM A 7 PRI H AR
FENRSI A MIE T FRE A ST A A
Joz rh o AR IR O N S B DR T T AN RRE Y
=S4k (k23 4k, inertial cavitaion) JE&F87EME I
TR R I rh AR R AR B, &S
e, NIRRT = Az Jm il i . e (o /e
B XSz o, Y R
B RAMKRESE ., R, sk, &b, Bl
ARG SISO, 40 Jey s A Fe 2
()R AE T RS, 325 R A RN A 15 SR 6
RSN Koy Y fEHLAUAE 5 i, BiE
YR i 2 A E AR ZS 2 TE A LIS I /ML, DA
T ¥ 245 ) 56 305 Pk W) o A% 38 ) 36 B D9 L) VA i B
P70l IR B BE L N -
23 EWIER

ER S TRtaT T, B ERH Z A RER]
WARE L X PN K 20 A TR P I RT A — 4R
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P R A EF SRR L R R G L Il
ANHRER BRI L WD N B AR R B A A
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FEAITERS . MRIAE R L . Bk . Pk, BT
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VEHT. IRt MUAE Y B A K - AR AR P 1A
PR S T X B AR W T AR AT LA T
PG T Sh Ko RERE AL PR O AR AT TR

3 BETWIETT

ARSCRAE T HIPIE, WA AR R N 2%
bl Sk i
“atherosclerosis, ultrasound  therapy/treatment,
plaque” i T 100 245 58 T HRY7 h Ik ok ke
BEALPE O MU A A SCHR, A AR o e PR A
SRR Y 21 Fi SCHK, 7RIS SO X S T HUA
JYOTIEAT T 251k

(https: //ac. scmor. com)
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XL A PRAY R AS AN R 2 7R o 7 IO I PR 5
B N B AL A4 vp AL 4 L CHD M ) RIS
ZhRK AS 1 X BB AR T AS BMLAR F EAY
AR, RTIRITAE L, T RLEREIHER AS BEHLE AR o
10513 %) (BT FI/INEL) S K% A 22 40 476
R i LT T B AS T T 1 A of
B S5 A S0y K r i i SR R 2 o A
RERE I Uik J2= 00 JE Je 8 5 2 A A BRI RIS 3l K BH 28 1
T DR b s Pk A 22 A € T s Tl
FHAS )R 75 1 507 BRI B AS BREHR K I A 14 5 T4

ﬁl‘*ﬁﬂig@\ 29, 43, 50, 7475]

Table 2 Lesions of ASCVD and ultrasound intervention therapies

R2 FROGHAEEEA O MERRHFEEREE THETT A&

MEd AL I ITE SR
N> R CD (50f), US+CD (501 L63]
R rtPA C(12f5), US+rtPA (1447]) [39]
R rtPA (63f]), US+rtPA (637]) [40]
R AV (80f), US+AV (80f), US+TXL (82%), US+AV+TXL (825 [41]
CHD YH+US (68D [42]
CHD US+MB (5% [64]
FHBBIKAS CD (54331, US+CD (3095EH) [18]
M T KAk, IEEEAKASEEEEIKAS  US+HMB [65]
JEEEEIKAS US+MB [66]
S EIHKAS BOE+USHtPA [67]
K6 ) ik i A A% tPA, US+rtPA [68]
F B ik A AG A tPA, US+rtPA, US+MB, US+LMB [69]
NE RBDIKAS ES, US+MB,, US+MB, [70]
MEHAS US, US+MB [71]
SV tPA, US+MB [72]
M) ik A 2244 5 tPA, US+Full-MB+rtPA, US+1/3Full-MB+rtPA [73]
i R AR AR JE, KM% rtPA, US, US+MB, US+MB-+rtPA [43]
YA = = RN 1o EAEN R tPA, US, US+MB, US+MB+tPA [43]
I EEERAN LT 2 5 9 B US, US+SK [29]
MR AICaCL IR A [ 1 ek S61: UK, US, US+UK; S2862: USHUK [50]
JiiiR 3 tPA, US, US+MB, US+MB-+rtPA [74]
MEEFHA-PLA (F5{LBEEEAY)  US, US+MB [75]

AS: Zhk#EETE{L (atherosclerosis); AV: FFEALABIT (atorvastatin); CD: % M54 (conventional drug); CHD: 7.0 (coronary
heart disease) ; ES: M4 iidMH7) (endostar); MB: f#ifl (microbubble); Full-MB: 90 plEh/KF110 ul MBIE &5 1/3 Full-MB: 66.7 ul
K A133.3 ul Full-MBiR A ; HA-PLA: 3585 A BFALRR (hydroxyapatite-polylactide) ; ICAM-1: 4 Jifi[E] Zh K} 5>+ 1 (intercellular adhe-
sion molecule-1); LMB: #HA§FAIMB (lipid MB); MB,: #0.7 nmol ICAM1#{4/10°MB; MB,: # (0.35 nmol ICAMI14/i{£+0.35 nmol
ES) /10°MB; rtPA: 412 ZIRILF I Bl 7] (recombinant tissue-type plasminogen activator) ; SK: #%ifffi (streptokinase); TXL: il
%% (tongxinluo); UK: JRIMEE (urokinase); US: #p (ultrasound). £%5 “+7 TR 5L Wl s 4697 .
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R2WPEIT T EAFRI, ST AR, i
AR T IAYT A TS R T S R 1
SN MB sl Z R 25 WIS 19 T7 1% . X T MB
PR, AT 4 oo 74 F R MB T 49 21 iR
o, S R A SIS R . 2R L)
(conventional drug, CD). £ IEFIHLEER, i
N 2 20 A AT VS il RS ) (recombinant tissue-
type plasminogen activator, rtPA) . B[ G &b 7T
(atorvastatin, AV) 45 K | .0 %% (tongxinluo,
TXL) e . 14 sl 5] (endorstar, ES) .
BEPLTE (streptokinase, SK) FIJRFMEF (urokinase,
UK), YERZ5H B R U 4 o) s B e i i
Ok S 3] g A 19 40 43 0970 L (AR AT S B
L 255 M s e — IR G S R G
H 20850 Gy Ah, i AE MB R
I T TR B B, SRR T 2R R
25 MB 455 BRI T ETER 2 RIS 47
Fon, B US+tPA, US+AV, US+MB. US+
MB-+tPA FriC 4 5l %78 US 5 rtPA 454 . US 5 AV
454 . USH5MBZE4A . US 5 MB FIrtPA 454 1)J7
Bio SCHRAUS FoRGS A A T FUH BRI E 45
IR T; WOLHUS Ronl i 5ROLEE A MRTT
FiAR o FRic US Fl rtPA 43 3l #e 7R US S rtPA Sl iff
FHRIT o

WIS B MB S, X085 28 B i et 7
. REHBHTHISEITFEAE A MR, JERE K
WA, HA SR [29] MH&RIESL . Tt
FMFE TR R . MB FIZ59) 0 S 5005 6
FE T O TR RS .

4 B AERSHHRIN

F 3R TR IETE 18 2 0 0 SR
THEAT TSI RERE AR O A BIREE R . S5 R
FESAMGRI IR, BEHUHERER . e I
ERPER . BRI L A AR ZE AR AL
o WAHh, AT —LEE AR RO BRI i
FIELE T2 2805 A B e J 5 B o AR SCHEX Y
RO RER B o3 B R RIS 3E 7B R Y 5

RS EIER
4.1 AREEFTH AT

TS THGY T, 5 HH 5 MB 54 Fhigs
BZ5YIBL S . B A MB VEA S 45 8 a5 4
TR IR AR S ARPE R [ e o ]
B, AUERFGY 2 0 o8 FRIHE IR K TR
H 5 ANE A MB, T2 B 7 R R ) 2 AR AR
L BORFH T I T EA AR DR, 2R
WY, WlNtPA. AV, TXL. ES. SKHIUK,
W S Bk g sk iR X S A A H TR
Y L8 20, 0 8 5068 om0, TR A I A
2L B AR B LU m 25 VR, DR R e ol
oS4, 5T Ligk s e MB o 0 Sl
FEAE R AL 1 B AR 0

I DUEEER 3 IIRYT A R AT, S A2y
YRAITICA ATk L2 Bk IR A s, IR
U ((USHItPA ) > rtPA) 18 4041 30 63 086) - e I P
FHUIAYT Sk RERE AL O AT PR A 2L ShiE
FAHIMBZEG TS, US+MB 4 B 7L = T rtPA 41
((US+MB)>1tPA) 14 70 72741 = Cylp 45 1) fff 58 &
B, US+MB 41 X 6 97 1 %€ L US+rtPA 2H 1 4f
((US+MB)>(US+rtPA) ) o 534, AWFFEXT T
US+MB FI rtPA W Ff 5 5 76 i e i 36 97 2 ™ FlZL
MR IR T 2 TR R, PR 5 VA SR A
U o XA AT T ARG B R e B2 7
TAN, R ZELBEGE 0 T T (AR BR B
PR A . B R AR JE Y FlR | A ZE RN TR
AT NAE) RUT, B Bl T AT RO
BT S A6 T4, B (USHMB+tPA, US+
MB. US+UK. UK. rtPA)>US, [fij 2697
HHIF RO T ICIRIT XS IR, BRI US>Ctrl, x4t
SERLHT, K5 MB 25 A B B = A AL
PR FH AT AEAAE AR T SRR AR A A MO0 il 457952
SRR /N, Rl R A B, AE MR sk
W AR RO ST RS VR, (R
Wit N T MBS = A S e fm 8k, s, USH
MB-+rtPA 4 [T 73K L A4S 1R T7 AL AR B ey 1 77
B (US+MB+rtPA)>(US+MB. 1tPA. US)., %J&[H
SR AR F NG T 2R
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Table 3 Results of treating ASCVDs by ultrasound intervention
FR3 BETHSTIRAGHERELE O MERFER
POE VR b IT I L e SR
N YT RTFENIHSS 2 1L (US+CD)>CD [63]
YRYT R JE B AT B FE AR (US+CD)>CD
1697 J5 34N ANTHSS (US+rtPA)~rtPA [39]
LA A O R P R (US+rtPA)>1tPA
TIBUEIA RS 1 B3 Lt (US+rtPA)>rtPA [40]
{REFMRS=0~111) 8% L& (US+rtPA)>TtPA
HHEURE DR A i of (1 58 2 Tl rtPA=(US+1tPA)
BELH B2 (US+AV+TXL)>(US+AV)~(US+TXL)>AV [41]
AR R R A (USH+TXL)>(US+AV)>(US+AV+TXL)>AV
— 7 RO R A T AN RN . 3R A AU, 15 R AR SRR [42]
TIMUYEIA B34 1 B 3 L% (US+MB)>Ctrl [64]
BEHLH B2 (US+CD)>CD [18]
B PEYOERRE S R AR 10~30 W/em?N,  BEHR S FE 1 B 44 01110.5~1.0 mm [65]
W B DFII10%~40%8, 350 k0 i 1~4°C
MR R RE SR Mjae R A AR T el R LI i B 3 [66]
MR E . M EAR MEE  MREEE  p AE i A s AR AR D R A X )L S [67]
B GES (US+rtPA)>TtPA [68]
FEZEAFA T 43 b (US+MB)<(US+LMB)<(US+rtPA)<rtPA<Ctrl [69]
RS 23 b (MB,+US)< MB+US)<ES<Ctrl [70]
PRSP AE A AR R IAKF (MB +US)<ES<(MB+US)<Ctrl
B A RAR L, BESRN AN (5 MPa US+MB)~(3 MPa US+MB)< (2 MPa US+MB)< (1 MPa US+MB)~(5 MPa [711]
[z US)<Ctrl
e 55 14 45 %k (3 MPa US+MB)<Ctrl
AP o7 L (US+MB)<rtPA [72]
41 A pHEL % (US+MB)>1tPA
BRI 3L (US+MB)=rtPA
QIiIREREN A (US+Full-MB+rtPA)>(US+1/3Full-MB+rtPA ) >rtPA>Ctrl [73]
TR I3 8 R AR AR (US+Full-MB+rtPA ) <rtPA<Ctrl
H I SR 0 ) 1t R 47 L e (US+Full-MB+1tPA )=rtPA
¥y 2 HEAE: S 1) T JE 2 (US+MB+1tPA)>(US+MB)>rtPA>US=Ctrl
1 LA A A 2 R (US+MB+rtPA)=~(US+MB)<rtPA<US<Ctrl [43]
0 11 AG A S i A 2E 26 (US+MB+1tPA)<(US+MB)~rtPA<US<Ctrl
AN A R R AR R (US+MB+rtPA)>(US+MB)>rtPA>US>Ctrl [43]
iV PARGENI IR Eilray st (US+MB+1tPA)>(US+MB)~rtPA>US>Ctrl
YR AL US+MBALHL 5 [ R 20 A R A R <8 um
T R RS US~(US+SKD:  MLEEH AN L4 kb 1) F i fE=2.5~80 pum,  99.8%H% Jy #i <10 pm [29]
LR T Bk S 1 5 ) B
ST R (US+UK)>UK>US [50]
SEG2: R BEAUSHREE . FAS IR RTUKR 3G 08,  7AHe Rt
ey (US+MB+1tPA)>(US+MB)>rtPA>US [74]
ey BEAEUSH R S IRRIDERG 0, 375 A i AR bl i 3 A 56 4
Y E: THERE (US+MB)>US [75]
R W T BEEUSHESE . PREFIDFSS I, WHEREHEIN; DF=20%~40%M}, WEFE - TF1~4°C
T biL P35 K/N~35 nm

STHA-PLA: USH I &SR

3 mm

Ctrl: TCIRIFAYNIRZL; DF: 525kt (duty factor); mRS: M Rankini¥4> (modified Rankin score); NIHSS: 3% [®E 7. TAEWFSE A
T PE4> (national institutes of health stroke scale score); pH: FREHE; PRF: FkihE 4% (pulse repetition frequency); TIBI: Hiifiiil
HEFIESY (thrombolysis in brain ischemia) ; TIMI: OUFEIER) I FIE 5> (thrombolysis in myocardial infarction); —: ANAIZRELAY.
i S% RN, F75>. <. =, =~ >, <GFHIFRMBIFHHERTTIEZ I R/NECR . 5 MPa USHMBER/R 75 .5 MPaji f5 FIMB4S &
ik,
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42 RITSHMNEMm
421 EESHREm

BIF SR (S #S . MBFIZGH i 250
P PR A e, RS2 G E R 2 &
B, FEQIEEASR S WL, BkopE S MR
(pulse repetation frequency, PRF) . 25 (duty
factor, DF) FIHil3&HsE]

AT SRR I R . SR R
RRAFA R, RGBT RGO R .
0 E TR T 098 75 R R TR 20 kHz~2 MHz {5
Filo P P AERARBAIA T Al P A B i )%, A
ARG L A B = A B 2 A%, ]
fenlifb2eAzfe 7 Mk, FWPE A (<
50 kHz) FFRAIRITshbkite, Jt—EpYEL
SRR AR (20 50 00 70 s fh b R A 1 MB
KNG R IR N LR, ARSI 5 7= KRR
L, R R A R A /N BT R
FEA R INRHIAR EL, ARIIURE P AR I KA AR Bh
AN A=A R, RN R &
WEIRIMAE RELL AL, DTS RS i 34 i 75 45T % m T
DAV MY St = A AR 5 71, T8 1L A8 144
S . R, AR S S (£20.8~1.6
MHz, #4) {7 TR Sh koA AP0 il
R RAF RN T R O e e SRR T
1 MHz I, MB 24 77 (5 B2 RIS/, FESI0R 5
F2.5 MHz B, BFARAAN S A Mg 7,
XLFARIGI PR . Ammi 25 7 FE S T
PR A S g R, 7EAREE R 0.12 MHZ I, 7R
IR 22.5%, TMAEM %4 1.03 MHz, 2 MHz
i, Hod R AR, fer ik E] 96.6%. LA,
BRE K (3 MHz) At ok RIFHI7 s, I
H, S 25 S 306 A YR A 2 ™ o R 452 K Ak
it . TR AR, (RAE A (/<300 kHz)
FERB R AEAR A b 258 5 7= R ™, Bl F
T RS I R B R . AT B R B, M
AN 300 kHz IS, 8PS I S i B a7 H X
BRI I (3R 4A), 3= R
PP R SR SAh, Ammi % Y RIS
Won, PR R T8 B K, 0.12 MHz /i
B NI FRE AR A IS HE 1.03 MHz 12 MHz i) () 5

Ko IXFRAE K75 50 B ] BB 2SR, i HLXT
1148 15 AN RS2 () T AR R . ST LA 2R
B, H T8 A NS G R T -8 7 JR AEAE 0.8~
2 MHz{BRIN (584).

R < 1 SRR R R B TR 0.03~30 W/em? Y
B, R SR e (20~30 W/em?) 35 % v &
IR (5.3 MHz) ' ™), Bl g 0 A AT i 1 o
FAREAR K, FEEARMIIR, Fi, AR
B Lo 7 A AR L (R T e R R
AT 7 R OR Bl R R R B
HEm, BB BE S A T AR i A A R e 73
(F3). BLIEP ARl E &R B, MB &4
ARERA, PEE RS ). S, YR
T 0.6 MPalif, MBZ, EAEATRESML ™, H
PR B R A A ik K2 RS I A8 PN Rz PB4
PrEs s il I K B AR AN R SR 20 P
DL, S RENE AR SR b, AT RS L
0 A RIE R, MR (D . PUETE 2L
(MD) 5358 BRI E 0.7~1.25 W/em? ' 2 4 @/ 1 1.9
PLTR (o0 Sl T B bk M PR A AR AR 2 AR
RIS ARG, ddw (kI F R4 bk vh 2806
% PRF flIDF, Damianou %5 ‘' X 4 T SL 50 i 7
7F =30 W/em?, f=5.3 MHz. PRF=100 Hz { %% {4
™, DF & 10%, HL4URERL N 1°C, &5
DF J 40% B}, &R [ JF4°C . X Fh 8l 4 75
Damianou %5 ™ 19 55— WF o8 L R T k.
BERTAL, Bk oh SR BT 140 i 2 A
Mo AR ARS8, Rk 2
AT e -5 L R B FATCRAG O, KR I SC
BRTEBCE RS SRR T, #5A A Y
Fif o ANESCHER P AR AR R, B, KRZE
3477 STEE I LR i) @ b b LN E )
30 min. P RIS ] ER G, BEBRTH PR R
Leeman 55 7 7EHI S T IS ML R, Rl
PRI AR, R R R IR RGO K. 1
J&, RoosF 2 g, 75 KB DRI 2 MR i 45
P9 R A T B /NFL,  3RE B gk 0 /N AL A 2]
SMC, XSGRl 4n, i ERTEH,
T B G U BH R 75 e (R 75 5 B e, AR ERIA
IgiOR7 S X e
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Table 4 Parameters of ultrasound used in treatment
*4 HBFERTHBESH
RUE TR VRS 7 P R i) 2%
B f I. MI. N. P PRF DF SCHR
N W ON Il T 300 kHz 1=0.7 W/em? 100 Hz 5% 30 min, PR [39]
— 800 kHz 1=0.75 W/cm? — — 30 min/dx14 d [63]
— 800 kHz [=1.25 W/em? — — 30 min/10 dx64 H [41]
@=2 cm 800 kHz 1=0.75~1 W/cm? 1 Hz 50% 30 min/dx30 d [18]
— 1.6 MHz MI=1.3 PD=20 pus — 30 min, FIK [42]
ZYEisE S 1.6 MHz MI=1.18 28 Hz 0.003 5% 15min, 5sH. Ssk, Ik [64]
EZ i el 2 MHz N=0.75 W — — 2h, B [40]
My — — N=15W 4 Hz - - [66]
ik e SR — N=15W PD=250 ms — - [67]
FUS 300 kHz N=130 W - — - [68]
@=1.78 cm 1 MHz 1=0.8 W/cm? — 20% lh, FK [69]
— 1 MHz =2 W/em? 1/60 Hz 50% 3 min/2 dx4 d [70]
@=2 cm 1 MHz P=1~5 MPa 10 Hz 0.19% 30s, 2sFF. 8s¥k, HK [71]
— 2 MHz 1=0.5 W/cm? 50 Hz 1% 30 min, LK [72]
LWk 3 MHz MI=1.7 — — 60 min, FALIX [73]
3x10 mm? 5.3 MHz =10~30 W/em? 100 Hz 10%~40% 25 min, LI [65]
32x5 mm? 2 MHz MI=1.9 — — 30 min, LI [43]
fRAMETR 32x5 mm? 2 MHz MI=1.9 — — 30 min, LK [43]
@ 0.76 mmxL 56 cm 20 kHz N=50 W — — 1 min, K [29]
2x1x5 mm?> 26 1. 48 kHz =1.7 mW/cm? — — 1 min, B [50]
SC62: 225kHz =30 mW/em? 0.5 Hz — 15s. 30s. 60s, HK
— 1 MHz P=023~1.5MPa  1/3Hz  0.003 3%~0.16% 20 min, LI [74]
3x10 mm? M%: 53MHz  [=5.5~20 W/em*  5~80 Hz 5%~40% 30 min, FIK [75]
HA-PLA: 53MHz =11 W/em? 100 Hz 10% 30 min, FIK

DF: 525k (duty factor); FUS: FE#EF (focused ultrasound); HA-PLA: F2I:GE KGR FLER (hydroxyapatite-polylactide) ; PD: Jikof
£JF (pulse duration); PRF: fk#h#EE % (pulse repetition frequency); —: ANFIZREUN, £ MZE; 1. #E; MI: HUWHEEG N: DI,

P FR; @ SRKEAR; L REBERKE.

4.2.2 MBRIZGYISEBI R

FHF#E5 T HUAYT H A MB R 245t 2 52
SRR RN E 2 — . FESTRIRAS AL E A MB
BRI F AR 3 pm Py e o m (K 5)
BJE, HTIRIT I MB e B Fn R A 0 F R A 2148
— EMVEEBEmITR, EmE et EES
B, b, RS GRS ERIL S R,
MB ¥ B 55 1 H 1L 5 22 0] AT BEAA 7R SCH . MB YR
RSO 5 (0 5 S AT 75 e (R IR A, 7

WAL 5 TS S RTT SR AR A O il
BRI, F6NE THAIARZ Y. AR
K7 S BIBFFE SCHk . rtPA FE I PRI A A8 b
FHE 0.9 mg/kg . (HSE, N HARER & rtPA B
SRR MR P (£3), Bk, rtPA
ek AR FH H B2 A 25 e AN B SR ) Al PR A
Ao BT otPA N HAL LIS, FHoAh 259 1 4R
RIS BLIEIR
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Table 5 Parameters of MB used in treatment
x5 HBATETHMBSE
IS MBH! T W L FH 7 JS2FH 75 2 ZH
PN SCHR
NE - BB RIGH) - - 50 ml Fbk R, 15 min [64]
UCA - - 0.02 mUkg  HEhBkiEST, 17%/5 minx25 min [65]
FETCRMMAE A —  — — — [66]
H|H, fn#HDL
LMB — - 0.16 mg/kg  ##HkESS, 1 ml/5 minx30 min [69]
C,Fy, 3um  — 5x10°MB  FlikiT L69]
¥ UCA, ReFi5ECF, 2um  — 5ul (10°MB) HRHE fm vE 5t [70]
fi i 7% C,F, - = 1.5x10°MB  J& kit [71]
UCA, SF, - = 0.6ml  FKiAA, 0.2ml/10 minx30 min [72]
35% C,F,y» 65% N, 1.4 pum Full-MB: 1.6x10"° MB/L 04ml  JEFHIKES, 0.1 ml/15 minx60 min [73]
1/3Full-MB: 5.3x10°MB/L
JB7EC,Fy 32um — 024ml  REFKIESE, 0.008 ml/minx30 min [43]
fRoh IERRFECFy 32um — 024ml  WINERZNRSH, 0.008 mUminx30 min  [43]
B JIRBUECF,, 3um  2x10°MB/L 30 ml WINBNREN RS H, 1.5 ml/minx20 min [74]
B EN AR R - = - - [75]
HDL: =% A8&E I (high density lipoprotein); UCA: #&5 5| (ultrasound contrast agent); —: AA[FRIA . HAbIES % F 200401
Table 6 Parameters of drug used in treatment
*6 RTFRITHAYMSH
MEd 24 L 7 L 75 2 EE BTN
NS CcD’ 14 d [mpil [63]
CcD” k130 d Fk (18]
rtPA 0.9 mg/kg bR S [39]
rtPA 0.9 mg/kg 10%25 T M2, HARH2 h [40]
AV 17220 mg)/dx6H w3 [41]
TXL 3R A2 HE) /<64~ H w3 [41]
BSIL) ES 25 mg/kg AR J5 8 5 [70]
ItPA 0.6 mg/kg — [67]
ItPA 0.8 mg/kg — [68]
ItPA 0.9 mg/kg 10%%5 T Fu245, HARFIKERL h [69]
tPA 10 mg/kg REBKEEE, 17%/5 minx60 min [73]
tPA 10 mg/kg K45 min [72]
rtPA rtPAZ: 10 mg/kg 10%25 T A2y, HoAR B H K30 min [43]
US+MB+rtPAZ: 5 mg/kg FEFHIK30 min
NS rtPA  rtPAZL: 0.02 g/L ININE45 miRS) R [43]
US+MB-+rtPAZL: 0.01 g/L
rtPA 1 mg/L WIS RS, 1.5 mU/minx20 min [74]
SK 15 000 U/ml EHELES mIEh/KIRIEE [29]
UK S881: 1200 1U B U R AR KA [50]

SzI62. 120 1U. 1200 U

A AR PR R A KA

CD': HUUl/MRERSE . BElR . IO SGEEER KRR B fAE258; CD™: HUBE. Dl MUCREAW AT M . Sres . s iEE
B2y — . AR, HAbIESE K241
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5 RERSH

5.1 ARG R LR

R 7 T R ) A R L R FH R T
TG RIGTT Sl Ik oA FEE Ak O 1 457 h— i i
A EE R, 5 P AR A AR B LR e 7 AR Y
PUBPEIR S AN 2s (bR e 2 3 b i L i 1
HABEIVE 42 g T fg g s a) &, 1 X) 45 Fh
AR, AHEBERRIT SEIRIN, TEIRYT SR
B R R LB e O e R L et B
oo ®E IR B 1% (MRI, magnetic resonace
imaging) ¢ 1T 5 AL W )= 45 (CT, computed
tomography) I F T WG MAEAR 2, —fefdi
2122431 (histology analysis) U175 A % FIFHLT
(H&E, hematoxylin and eosin) #efr, (¢ 8% SR pffl
PAs. PR, AR ATREFE IR YT s
ViR . T AR B 5 A S Sz T [l A
KHMEE, TRZIR Y7 Ik I e 2H 2300 e SIEHsEFn iy
PAG o D 2 2P IR AT DU B A A 4 A3 il
Bt S EELRZR L e i T, T DU RS T
UL 7 3 AR Ak 1 A 7S AR T m 2 Ah AR T
2 W TR AN SO R AR IR EE 230 A . Burtnyk
R NN UN L RPN B S b it a1 1)
5 B SR MRIME 7 2, LAICA 5 2L & 41 21
MREAEA
52 WBRHAME

R T HURYT SRR R A O I A 50 ) o
v a2z 42 b 3R R BRI 7% AR R R — N E
[AIRE X SERR 7 ] B o 1 3k B3 v Y /)8 0 A5 B
BN, F1& ™ E M %€, Lud M
Hong %5 ™ 45, A THAIT AR 4 K%
BO(99% LI ) /NF10um (R3), Fe5/N T4
M, PRGNt %€ . 739, Zhang
A VAR I SRR N 2 0 R N B2 &R T
Fro fHJE, Damianou§ ™ Ik, JWHE ROCTERE
AR AR EE, AT DL AR AR R O
AR B2 W RST N/ TF 1 mm, 8 AL PR 1T H i
APIRNRBOIBESE ), BRI AR U EE
S AN 235 RS G20 v A4 ) 7 BOR T iR B
SR AN T BN B A AR
R 75 TG R PR, A FRRAIFSE

6 SEE5RE

SRS AERE A O LS 2 AS 1 & e AR
Pl i A 2 v = A i — B A B, W CHD,
RN CKD %5, 78X FLO ML BIR IR T, AR
JT TR R AS BEE B AR . AR, FESIkS
FERE AL BT TR T Y, B T BT AR
AT, SAATE R 2, AT
HUAYT BB RERE AL O ISR 1Y 2 oA P
e, ARl HIFU $UE s, 45—
A2 IR B A URAVER . S E R B Ak
YERIBERT T . PR i | OE 25 AH B
AR TIRIT, Jrale g & T e iris.
R P BN AN S R s S A BRI A AL,
P . MBHIZS ) = 455167 YT AU R

S HUR RIS 2R R, L
H, i RIG YT s (i AR Be (/<50 kHz) B8
AL, HITAER, EABE (£~0.8~2 MHz) YR I
WRTIRRIAYT o MR 75 = A i/ RE A I >
[IREROPAE S C i L (TP (R T RS UN =R & SN B
U, T ELS X A R 4 5 A e PR R A B
YT TR R 9 R IR 5 300 kHz T 77 AR I
A, NG 2 B R AR P
1) 5 B TR 5 AR R, T LK I A8 s A B R )
PITEAREER  FEA B SCiik, TR R s
5 FE 7E 0.03~30 W/em? 3 Bl N . i i i e EL A
TAFRERL, (R, S RAYSRIE &5 U LU 5
W E AR RIG R 6 RIGTT i B 1=0.7~
1.25 W/em® X HIMFE B MI<1 .9 R . % EFIrRk
R el Ik mp BRI 75 BT ) T AR A 22 A
AP R KRR O R RIE . X 45 R A B P
PP S SO R 2k . FHTIRIT NS
MB ¥ R/INE 3 um £ 47, Bifi A S5 56 MB VK B Rl
FHFE AN, ATRESZIR 0%, IXLESEN e
o LR B AR TIRYT 0 R FL 2 A rtPA
AV, TXL. ES. SKFIUK, H i 5 A 7
KR . BT rtPA &4 ek LAAN, HoAh 254
JERG R

SRR TR ek, R R
S A PEAR B 40 R R A B I PR v R i
MRI A CT ML H IAER . bk, v AR, 8
PSR . LLAMRRAG RN MR 20 2005 Sk st
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TP FRRE o 24 A PR PR ™ A R
W RO 0 oy — B R, ] DA R A4
ARAALPREE R, BRI AR S R e R L&
AN/ (<10 um) AR

RS TR AR R R, A Bk
BEA RO AR I RV T Th R A AR . R
ITIRR R, RSB SRR AT
B R AL B B A AR A AT R AT AN /D ] 5t
T B, AR RAMR
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Abstract Based on the mechanical, cavitation and biochemical effects of ultrasound in the organs and tissues,
ultrasound intervention can effectively ablate the plaques or thrombi in blood vessels. In this paper, we focused on
the ultrasound intervention treatment of atherosclerotic cardiovascular disease (ASCVD) and reviewed the effect
of treatment methods and parameters on the efficacy and safety, discussing some recent clinical, in vivo and in
vitro experimental researches. Low-frequency (<300 kPa) ultrasound causes severe bleeding due to the generation
of standing waves and large cavitation bubbles that induce high stress on the vessel wall. High frequencies
(>3 MHz) lead to the attenuation of acoustic pressure, reducing the therapeutic efficacy. In general, the frequency
of 0.8-2 MHz is used for clinical treatment while guaranteeing therapeutic efficacy and safety. In order to avoid
side effects such as tissue damage and temperature rise at high intensity, low-intensity (0.7-1.25 W/cm?)
ultrasound was employed in clinical trials. Ultrasound pulse parameters and exposure time should be determined
in relation to the lesion, ultrasound intensity and frequency. In ultrasound therapy, the administration of drugs
(rtPA, atorvastatin, tongxinluo, streptokinase, urokinase) and microbubbles (MBs) encapsulated by a lipid shell,
such as ultrasound contrast agent (UCA), provides an opportunity to further enhance the therapeutic effects. Their
concentration and dosage used in treatment varied depending on the treatment object, and they should be
reasonably selected considering adverse effects including hemorrhage. The debris removed from plaques should
be small enough (<10 pum) not to cause blockage of the capillaries. Otherwise, a suction technology that can
collect the debris in the vessel must be incorporated with this ultrasound technology. In addition, it is necessary to
combine a monitoring system that can evaluate and monitor the degree of tissue damage in real time during
treatment. Magnetic resonance imaging (MRI) and computed tomography (CT) can be combined to detect the
sign of bleeding, while a thermocouple, ultrasound imaging, infrared thermal imaging and MRI can be used to

predict the thermal damage by measuring tissue temperature invasively or non-invasively.
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