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2022-10 Visualization of Skin Micro-vasculatures using

SVD-based Filtering of Ultrafast High-frequency
Ultrasound

Anam BHATTI, Takuro ISHII, Naoya KANNO, and
Yoshifumi SAIJO (LK)

For earlier diagnosis of skin diseases, visualization of
cutaneous vasculatures plays a pivotal role. Skin
vasculatures (small vessels and micro-vessels) are of
different dimensions reside in dermis layer. Traditionally,
high-frequency ultrasound (HFUS) can image skin
anatomical structures but lacks the Doppler sensitivity to
detect the micro-vasculatures. Recently, this issue has been
overcome by enhancing the Doppler sensitivity (ultrafast
acquisition) which also leverage the implementation of
advanced clutter filtering approaches based on singular
value decomposition (SVD). Here, we propose the region
based SVD processing of HFUS ultrafast ultrasound to

efficiently detect the cutaneous vasculatures of various

dimensions reside at different depth position.

2022-11 FLIRETREHE 5 I R 2 W S AL BRI ICH1)
DR 72 N T — 2 VR SR D B AR R
(LK, Ao 2R, KU, IR AR, HEA S (R)
LIRS 0D R 5 I 1B 4 % N TR A8 o> B Bl R
BROERZ W AT B2 3 Al BAFEIZINT
BT — 2 OEITEETHD. FrlC, BEHE2H
u\ﬂiﬂiﬁﬂzﬁ0)‘%%&%?@%&%%&(%??%5 s
T, AMFETIZE BB L OERIZ B il
I R P R R R L T S B AT B RS\ T T —

ZELU TR A O HRE L ORE SO L& R
BEDS B IR DN DUV TR A a2 T o 7.

2022-12 BRVERRFEIRFIN — B
—HE RS —
RAFn=E (BT /A ABFSEAT)

TR & EE R ] 0D B SN e R AR I A R T L 7 PR R

W, RO IR S TOREER P EIRE /8-
TWA., REREMITE EDHAEERM B 2B L,
REVZFASED. 2L T, BRI IR IR0 MR
ELTOEBZS T, EFIRHMERICRETS. 7ok,
BIRE DOE K IR IFDEB O ERRO AT, FEH
RIRPEOLNLGELHD. B, WMEEEZPATIAD
B P72 B D721, BRI 2SI s
TRV R AR E L T0D. ZORSUTHE, MR I8
i@ﬁ%ﬁﬁéﬁﬁb, SRR T IR I F A, AT AR AR A
D BRI IARRFME L R BRI DI B = 1 L — D
[ZOWT, BATHAT S, Znb0B R IR B4
RICEL, &3, BEORBBHNE B IR A
LTW5.

HARFF L = L%

2022-13 L —HP ARy 7L TFi% W BB T S A A iR
MDD —HF UL RjED S E
A E, FRICHE, H MK, TR GBI R)
RE) O~ CTHOHEBERIRML, SEIFRE
B HSTWD, ARRETIE, 1RO TTELS
EDMITEE D RN — L AEIZE R A2 Y T, N
NADENAR AR E DR T — 2 G358
ZHINZAT -T2,

2022-14 BERE RO T MEEEZF A LIz vE
T = a KIE A BRI O LRI LD BN R AR TE L
FRED AR
SR, MR R, S AR

SRR AT I (HIFU) %ﬁﬁb\f:%laf%¥£®~ozz
HEEIERERDD. T E BTy T
—Lar B RAESYE, (LFERICESIERIL, AkS
NGB RFE CHRABIREITOFIETHD. ZOFiE



UG MR R FE D A i - AR AR, F-RAEDEA
ERDFXET —a RIENEETHY, ZIHD AR
& m LS HTETIHBED AL —F v D |, 1E
HALRR A~ DB FIAEND. ARE Il
WEAEZBEFCERETHILETHYE T —var Xl
CIEMERR R DA THIR AL RS, EIOD AR
Fem LSELFIEORFEITo 7.

% 3 [E

HAEF: 2022 %12 B 16 B (&)

25 FREKRZFE (FFMH)

g BAZTERLS FA—RATA Y4 A—C08
MRER BABEREF: ERRHMRE, FEX
2 ILFRT—IIL WS HARER

2022-15 ELRAU7VINEBRL O I L= 1515
b~ A 7T VBSOS

R AR (FIER), BT, BEHKES (RK), #3554,

EHEZS, IWHE, &HHEES (THEX)

g~ —% 7 BL O T 2D 3 (SLN) DR
T BRELTIZE RS 7 VEEIR (GCV) DBRR Z1T
STWA. SLN [[E AR —%ThHrE IR Y — 25N
‘BLiz GCV ZAEEEL, F—WR T a2 S5, <A1
JaNT NAFIE T CHFREZREL, GCV Mbis
NTEEVARY — 22 E RIS L. ZOREE, 8
JVARY — LD R EIE, B, N—AMR, BLO~A
INT VDR FE D SRAEIRAET DT LR LT,
FHOIEUARY — AO S HICIEF BB FAEL, B fE
PR —ANE L~ AR T VO ERIF L7k
LR LTz,

2022-16 WL - BELIBRZ A T DBEORBITS 2 O
BSC Al i DA FE R RIE
B IBEN (FHEK), Emilie Franceschini (Aix-Marseille
University LMA) , \ KRB, FHEZIT, &HER],
W E E (FHER)

Ta— {5 S0 % TSR A FRIE S L oA AR MR
FEAM DFR D ZHERE SV TN D, AR Z TG 5

BB, BOELIBE LW BOR O R BB R EWD, WINIH
FEOREBENLUIUEBRINDZENSHD. AAF5ETIER
IR 73 R &N A3 % 5 B AR BA R A 9~ D BRI
DI B 5.2 D07 AEL, 2 FEOFHME %
S, %7 BELEREL DRI O FEA 1T o 72, B
ELIRDIRFE Sy N 2D 7 7 B LD HLlE, W 7
W2 BT 7 NADHEE, K77 NAZBWTI T LI H
BV T 7L U AT 7 U NAED I EATH 28T, IR
BN REWEE OFEAT % 35 FR 0 B s DU TR
LTS, ISR TRV 7 7L A7 7 VN AERH
FIChDEMERRI .

2022-17 8 1= JE I MB35 I A LD AR AR Sl R A oD 22
1A L ORRGE

W BE (FHER), HA ol (R ERK), FHIEZ
Jr, HHER), LOE(FTER)

AWM ELE VDL T, MY A XL ~UL T
RS Z T THOZ LN P RETH D, — R E U
BEOVERI G IR T T 4 A AIIE L BAEIEDN H DD, 23
T7 4 AR YRR 7 BN BRI g PN O i
DEEL CLEI VO REN DS, A ETIE, I5IO
B HEE A &P E W T, BEEE Ty Mg
YRR ERIL, [ e O\ Sl RS 12 5 %
DR, B IO RN 33 1T HRT A RE O 1R 0> 28
[ZOWTHRFT LTz, £ OREA, W Bk AL BE% O R0k
EHEETHIET, BELIFEMAFTRETHDE
LR L. F, HHEOEEICEXDE L, E
WIFERENF C R D L2 MR LT,

2022-18 A E I LD M+
Bgez, RAtES, KM (ELX)

A WL DM AR, B Wic BT 508
DRERED 1 D& THRR TIEBEL T 5. BEICERIR Chite
ML TWDFEIR 7 FREFMMA L FIETHD. BT
THREEF AL TECL, 7V B e HD ik
BILOE CHBEEZ WL HENMENRTIEELT
FAET 205, Wb e — o (& s ) J7
DIEE RS LR TERWEWITIIR DS, ZDID



7R EEE RS DT, fE2 I FERREFISN TS,
AREEHE T, B F b E — 205 [ EE Rl 5y & 5
WFHZELICIVEOHE ST EREE T HXIMLR
T IER DI, EEOE I OWTHER L 72, Tk
NRT R, FHUFEE D & SIS L TEED s
BE W A THLERHLT-0, BF ORTZIEICHT
RTL— AL —MNIERET T 28 micHD. 71
— AL — AR T2 HT 5720, IS AHEA T
WA IR E DOIFERE — 22 R G AW DmHEE
WAA—D U THEASN TN, B — L7 [ FE DO HE

ENTIE, SAZEEIE S O AEE V- B CABEED
—MRANCHIRE N, FE ROREZHEE T 2720
IZAEE FOMANTZED MERN DO EELIE EOL D
T L DR BEER T DUERHD.

2022-19 B HBEMEEIC LA R s DML LT
D ZIRITTTE Bl 22

By, A B2, NI, A E3R(E (BHEHRR),

INRFIN (R EF), BB (BB ERER)

TARFRINRIE, BB AR SRR 2 T2 B
T RSN TEY, TOMALE %I Hl :a%ﬁe“éﬁ%%
MEESTND. BIRIEDIHIRIL, L SRIMEDR
iz, be&@ﬁﬂa%ﬂﬁtbfﬁ%t%z%ﬂé. AR
TR AR O B b T RF MR 2 /ERIL, =&k
TEBA L —F ARG D CTHE(L AT 2B L
7. BEAE—Z U A GR BRI LT AR R A2
FHAOWTHAL AT Z G L7, SOICEE LRI RT2
TE YR 22 DA% =R AR ORE(L A =X AR
ST LIz, ERRoRE R, BEREmMEE TR
X MR O R PTG HE R OEWEE =Y 7 HY
KB R REME NIRRT

2022-20 #
7

Ff BB (BB EFL R, IR #i 3= (K% %), Fatini
Athirah Mohmad Fadzeli, B20&3F, JIERR#Y, A B3
5 (BHBERIR), KRN N (RZEF), HHET,
FHIELH (B HERLR)

BT L AE#MA O~ L FE—RE=Z)

s

RWETIE, B E X ABMBEICLAEET
—FBIZEIZOWTR RS, FHEBET R, &K
*ﬁ%il\b’céﬁiﬁtﬂ (ZE R LT RO I D S R

2572, BN DEHRITHIES 2IRIC b5
fEMN S IUCLY. 22T, BONH1E B &2 R
T & AE RPN DD O R BT (AT BEL , BEILLAYIZ 32 18
R E L CHR TR R T 2 FIEIZ DWW TR E L7z, Wi
BEE—NTCIL, KR A2 RS ECROL, RS
TR ST R A L —F L A AR B IR A
B728, W ORJE W /A X PR E/RFRZDRIK L7205,
ZIT, AR OVARE E O — AHMEJE R TR
EENDZE R LT B B Ao R 22 S EE A H 5E
L7z, REBL-FIEOREZ, B Mnz VTR
7.

2022-21 HEFW B L MRI TELNDRHMED B2 %
77 2 N ADWEAE D L
BN, EwE (THER), /INRELT, AR (T
BEE)

A (R AR O R B 2 E 3 D IHR BEA R FiEL L
’Cﬁﬁ?ﬁ%fﬁb\%’) shear wave elastography (SWE) &hs

I g G 4

elastography (MRE) &%, AWFFE CILREMEOFRIED
—2T#HD, shear wave speed (SWS) D J&E R E ikt
(ZIERL, RTPEEER (G) LR
RHPESR (G") ° G & G" O THHERER (tan
6) MBIRDT 7 RAZERELT, SWE & MRE (2K
% DS % H#gL7=. MRE @ 60Hz & 90Hz 755 HL7=
DS id tan § EDOFHBIN EH 072, SWE 1285 DS 137
SPERE OB EL, FEOREL L TROZ LT #EL
W ENRIBS L.

& % ] \» 5 magnetic resonance

(dispersion slope: DS)

2022-22 Frangi 7 A/V 2% WS RY 22— 2050
3 ot & MR B O s

FIRFoLAR, A TRURIRER CREUE TR, B &, /NEF
AREE, R GO ER R, #kH 5w (RO
BETKR)

Fx T nETHIBERSREL,3 RITBF R AR 22—



LD B E—RERTTFTE—ROEIZLD MAEHED
PR RSP RAT B DAY 2— 27 FV 2 22 R B 7 Bk 5R
IRE BB ABL O FEE VT T CEZ. LLBE
WA 2 — b ML E M2 3 2R 12 WV TR
(D MO RIRC /A XTI T2 i
Wiz 2L CU Nz, 22 CAMFZE CIE Frangi 74 /v
5% VN I8 W I O TR S LD B IR Y 22— A
SOOI T Z A T2, ULV ESNTZRY 22— A
LRI T EN AR 2 — A% g L7225,
[RIF2 FE D HLPH O I 8% LV RE CHI CE A2 8%
B LT,

2022-23 REFEE AW 3 IR E I ERENO T
— 7 VARSI E D H B

I ERE, FHRFGALE, A2 ORIKER RO TR) , #2587
B, ANEPAREGE, drE A RO ER SRR, pH
S 7] RO TR)

AWFFETIX, BT —T N Ieimi b RIaamg L,
ZOREA WG LTRER PO 3 KT E Bk L
T, WREFEENOCTIENO T — 7 Vs iE %
BT 52E%HRET S, YOLOVE ZHWTHT —T
IV e AN i L 7-%%, ResNet50 & ConvLSTM %
HE DRI =2 —F VR NI — 7 ThT — T VAR
BAWETDFIEELRETD. O, FiLHELT
Frangi filter °EEAE A H T 52 LT, /A X%brE
L, MUNRIE OB EZ TR 5. O ORI E %
RAWTT =22 BSL, ThEnE 58] 7 — 2 LiHT
— 25T, Rl T — 2 O FHAE R TIE, A 2 mm R
W OREETHT —T Ve E s A F2 8 LT,

2022-24 22 W I b AL I Z KD R T O SV A
MO FBERTY — 21515 Bl 255 5 Ao —
TEAKREIIT, KA, g — (H oK)

LR OWAERIFIER A ST 1O —2L LT, )
22 R TR A O SRR R E BB AR =L, MF
FEL TS, BRI A ASE L IRE T 5
BTy AR, EWO B 2R %2 @ 570 (TR
WEFALUZBEE ThoI0, ikl s, 207w,

BEW I DIAET DEEIE, AJUE S ORI
IZXE L CHEE D DE - ORERIIE TR SN D, Z0F
I C IS S A7 PR I A [ R A BB il S T A
REARIRA A= T EATHE, MEFN O KKt O B8R
FHE TIETA RS ERE TS TLED. &
DOREZ R T 5 —FIELEL T, TAREZEE FITxt
U TR 5 1% DI AR SV AEREEETRREL T
W5, ZOFETIE, N—AMESE AW CEHIIRT 2N
\CHARPEE T 5. Z201%, BEERELIZZE4RIC
KOG LT AR DR A6 L TR A FE ST
EROCTRH S EREAT o114, 7SV AERE AP % fit 3
ZETHARE ORI Z LT HI A FEBLIL TWD.
KE|ETIE, ZOFEOH NGRS 272D, 727U
IWVELOFBHI R L CRABE = a2/ B AR A A
T= AR D 7OV ZJEREIC DWW T EBRAITHAEETT -
7.

F4ME

HEF: 202343 A 278 (A)

215 fERHEZEEMEY 4 T 0 X R—)L &™)
4  BABERARMESR

2022-25 77 AL NTIVER DT OB IR O
wt

PILBAEE, KA %, (LR GE, B AR5, SAESERR,
FAPRPES (18 [ )

HE DL, ERERSH THOLNAMEDIRIKIC 7
7A VR TNVERT D HEE LT, BWEEIIKE
TN @R TR 2 E 2 L, [IgoFEAE%
O Z B & Ul e 21T > T D, & &
W, MRS E > T, Bt~ A7 A=A —%
—DT7 7 AN TABRERTHZLERELTND.
AEFTIE, SOICHMASKIEEERSELENT
BREOBE T2 EL, TORBETE2H T AL
TIOVOWEFINZ AN, TEINEZIT > R IZONT
WETDHAXLDIT, 77 A RN TADBERT D RAK
AR XIETHR T OFEOREIC OV TER
BT RS U7z BefJE AL, SR o B2 BfR 72



<, FEARBEEIZNE-T L2 ERPLNITR-
7o OF, AV ORETTOH -~ A7 1 R
— M A—F —DOKIADER R E L. BT
EEAT D ERIAOAERRBEITIEMLZ. &#%IZ, 1~
A 7 v A — FVELIT ORI AR AT RE 2R R DT
WizoWTHRF L7z, BIEL 22 v, 1
~A 7 A= MVUTOKIEAZARKRT D2 L AEE
ThdI ENEERTER.

2022-26 L—W— 2~y 7L BABER O ORL - SRR WK T
i~ FH ORET
kB, (B, )12 (Rl oK)

W RA OB B D H D5 8ic, L—
—DXHpae—Lr MEERENT L L, BEDLRE
ERFW LA - TRET DML, L—F—2x
v 7 LS E LTHLN TS, ZOLS #FH LT
ARBIEE AT 5 DA LS BMEE CTh v, MR AERE A
SAOISANHED BT E 2. BERRN, RN
DI E Ffo TOIUTR W20, k1R8I
IZBWTSH, LSEBIETHZENARETHY, R
v —bE—X, &anA K, KEEREROBIZITEN
HY, K50 nm F THERAETHDLZ & 2R L
TW5. ZORE, BN EMREST 28T, £
TA AR T T NIEDLEY RO TEED R
AT D ZOZEY U IBETT D2 LT, R
T D HEMESD 2 LN TE D, A, Bk 758
aBlEsg L LT, LS © A A B BT L %
BB OFISHRERME L, A>T A hn s T 0%
FLA LI oW TR 21T o 2. T ORER,
T NI NEREIE OFSHRE MR T 512 o0, H
CABERIS ) HE AN DB RSN L, BURTIX
JREE 4.0<10°mL! ECTHIBARETHD Z &, 7/ "7
WIREBIR COLE Y v 7B OfNTICIE, Mie HUELER
CEE SRR e /T AR EEATOLEND D
ZEBBbMNER ST

2022-27 < ARSI IEE =2 — DO
B SRR IZ BT AT

IATA SR, THHESC, fl 0 =N (EDTHEE)
Za—nETab—va ViEkka T AN A%
WM 2 % L, T oimE &2 HET 5 5k
ThV, BROBRE Vo Y — /WIEBEIZ R
SIS STV D . AR, Bl e filify — & LCHER
o mOWIRZE M fRRE 2 9 5 DS 3 H %
O TNDN, AR 2 85 B O1EH]
WZOWTIERER - LRI/ TR 6T, &
BHRIZE b= —mETalb—va ot Ah=
R I RIRIAZR LIS, 7 2 CARBFZE Tl, #E0k
FREHZIE U CTAE U 20N Ca BhiE & R & L7/
HeLTi% @ 2 G ART D invitro FEBRY AT L EREE L,
ML (== 2 —a D NEMICH T 5 BE IS
BHROTTAI=ALEHONZTHZ E2HNE
L7, @E R E L SonoPore KTAC-4000 (v
RO—U RS EFER LEZ., 13— Y v 7 R
FELTHEINV Y Y D=2 NI
GCaMP6s # FifilFE B S 7~ 7 AR O K BB/
MR RORNEE R = 2 — 1 o A BN O RS 12
THITATA A=V I THEL, Mo LG
N EBEW S (Frequency: 1 MHz, Power: 2 W, Duty:
50%, Burst Rate: 100 Hz, Duration: 500 ms)% 5- 2.5 &,
FRE PN T L 2 07 IR 3 — 3 MR L HE N T 2 M 2
DEEINE., —2—arORBERGEICEDS 5
F A= AL OWTHBZRICHRE LTz & 25,
BEWEIRIHZ K> TE T MmN V> T AR |
FHIAN LT DT v I ES LIS B D v
VU ARAMIRARFE L TND Z &, S HICIEHE
PLDOFEASHEWESZ A BT DR EDA A F v 2
UNBEET 22 ERRBINT. AifstaEL T=
2 — v OWNIEN B ERICEREICET 20 F A0
SXLBHLMNCD Z LT, BEERFICE-T
R 3 1 B TE AL & 20 72 70 M R b R VRIS & e
SCE D ARBMES R &, BEINE S AR L
TR REHIEHAF TR I &N D Z L IR S LB,
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Pk S =], DS, PSR RO R TR), AR
Z(ENLRB ERATE R 2 —), IMRRHE, $K5E
(77 LK)

ok, ERE e SIS T 5720, FRRE
(ST D PR Z B L =N RIR &2 Ml fF 35 &
W HIRERE R 2R L, B35 X 25 2kt )
AR LGl Myt CiFE, #sE 257200
Bz B L C& . ZNE TOMEICLY, Ui
TS E SN BEERRICE EN D MER, HENG
TN E o THRBENEEICHIRE SN, SHICHEEDO/NT
A= Lo THifES DMz cE 5 2
EERMERLTE -, MEORIEME IS D/ 3T A
— X 72T, MICAHET DHUNKIEDEIZ S
KAF$ 25— 05, MlaEFEOM/INIENRZ < e d &, B
FHBHNEOX Yy ET—a v ORBIZLY, M
252 5BEICONT S RIFFCHRET 21T 5 LER H
5. E T BEM~EHE IR 2 HERE S & 556, Ml B
LREEQWBLEZETHLENDD, ZiVE THaN
FlE LTREE & BERICHEE LIRIEE o T
FREIC OV T H R L C& 72, ARE T, mFEE
AP L7 haia & IS I, & O ISMan 17
TET DURBUUT L D HEBITHOWNT, BRI HIK o i 1
&R RS D Wi A S kAT L7 Bk A2 W T 5.
Kl & 37°CIZPrEs U7z KRS AR R B - 5
VAT a— W EFRE L, KEEIIN TS %
RE L7z BT, I R oo [ IR o0 %68 A 81
BY D FERAREREE Uiz, EBSM L LT, Ak
3MHz, #x KEE 400kPa-pp OEREE 2% 10 ORI
SU, WIS L 7oiaomCEREIZ L - T
AHREFHN U, —#HOEBRL Y, MO EHICH
EL TV AHUNRIRRESF U4, MiicHs L
TN ZVEE, Mg~ DORER LV Rn 2
EEERTE . SN RAIEH L, fhaya &
M A FIWTIB i 217 © 56 O & IR Sk 28
B2 2 Licokif 5.

2022-29 EBE W BEHZ LD ERO TR {LREAEYIZ SV
<

FaFREAE, 1L BEER (R&EAER), FER B A U AT AL
R), Bk, diI15E (FEER)

b A b L ZADTUHE, e IR EFHRTH. L
TS o THAKRNOPIERLEEZ A L &W 5 2 L, R
fEA LV AICBEE LTREDOTFHICEETHS. &
ROPURILRE & & D HIEIZIE, EBRR MR &N
FF DD, FxlTER~OBEEBHICER L
TWD. AIFETIE, 7 v b0t MOEERRS Lz
B2 AR O FURILREZE BN SV TR L 72 O TS
5. Wistar REEMET > S OFIEE~D 1 53 I
KHERE 21TV, BT 10, 30, 60 404 O Iiik &
W, 6 FEEEOIEM I IRR(—HEEBR, A ——FF
Y RI VI, TN XTI, TIF I
NIXRTTIOHN, AFALTOHL, B Raxi LT
DAY DOEETEMEREIZ OV TN, TORE, 13
&AL DOIEEBRFHEEMEIT 10 2% B Lz, 20
BRI L > TEREEICE D b DO H - 7273,
FEIC —HIHEE B BIE VRIS I RS 1 RERiIf2 £ ©
W2l ERT DRERER. 7 v MEHA~OEMEK
RS I, 0.01, 0.11, 0.36W/ciio> 3 FlifH >8R
FET 150, BR A 1 EFERK 21T - 7%, g0 6 fl
FDOIEVEREFE O EIEPEREIZOW TR 7=, £ Ok
B, TRTOFEREICHBNT, 2 b —LREIC
NTEFRBAF O M PR bER B L. Ty
N~ & I KL D HiRR e LASES R S
Tel=®, WIZE MK GG T8 # 7, 1
rETICOE 140, & 8 I & HIRK 21TV,
Mg O —HHFERE O EIEMERZIE Lz, ZOR
B, b OB EF IS 30 43 00 1 IEE Y
BIEWO ER 2R L - RO, v Mk
WTHHEFEOBERBA 21T 5 2 LI XV Mg
fbEE%Z LA SH DM EZ RET 52D ThHoT.
ST MOk 28RS RS L0 ko
PFRRLEENFESN DI E R T 2LEND D.

2022-30 2 AT F AT VL ERIZLD DDS @
A REME
Y22 AH(ALK), Albert Poortinga (Bether Encapsulates



B.V.), LREEHR, s, v nm e (dhR)
TUFNT X, NI E S~ A 7 at A
ADKIWTHH. [Jd e LTORMZR-oToEE, N
HICIEAZ S ATE DR A RO, BEKE
MABDELZETRIZ v I T IUNY =V RT AT
09 HEEZLNTWD. SENIEFEEDSE 1[5
AE o T2 WHREF e 125 & e, 5 2 R
VIFNTNVEBERICED Ty T TV AT —DF]
2 WmE 5. 8 2 U7 U F AT RS
Ko THLEMrRETH Y, BELOM EREL b
7=. AF L7z FITC-dextran E AL 2 {7 o F 7
ML, BT U FRT L Bl LT e~ A
7 vt A ORI E 72> T3, FITC-dextran O Ef
ARILTLHWMETE DO TIERD 72, 47
K VHEE L TWBIEMNIEAD invitro €T /L& LT
b b R UM-UC-3 & [ &la 7 —47
v EICEE#E L, FITC-dextran I T o F /37 )L L i

FRICEDT IR =R T2, ZNETOBER
EEANCEL D KT v 77 VAN =285 invitro &

B L [FABROME R &ML LT, OB ERZHEEED
T — N GEE A%k 5 MHz, ~ UL A 1§ 0.4 psec,
U JEWH#L 7.7 kHz, B RHEJE-1.2 MPa, )
QMRS 112 L 2 ER B E COME (F.l
JEEE 1 MHz, 500 3%, #:0K UJEEE 1 kHz, Laa
500 mW/cm?) Z#ITL7Z. L»L, EBLOLHET
HAMIEPN -~ FITC-dextran M HLY A IFER T & 72
Mmolo. £ T, BERZKHEKED L a—Tn—7
WCE DB ERLZE A, H%DMIBIZEHE T
FITC-dextran OFMENE D IAZDNRE S 7z, 55 2
KT o F AT IR DO RIE RS EN RS, B
Ty 7T Y NRY = —L & LTOAH
—77, PR TR )RS TR & AERA o Ji
MTERWATREMEA R &4, ISR % 5 BT 5 &
ERbHVZE T

2L AR K

B A NN B L v A Y B B
M7z 3 WwocER IS 7 7o N ADE

2022-31 #
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EMEIXEE -T2

WEE ~ &, B AR GER), $3ARSE, /MR
(R, LR E 8 (LK)

Jibd D T 1 45 L XA O PR~ D it & 15 1T %
Blood Brain Barrier (BBB) 23 f77E L. i RO AR
WAEREEC LTS, 22T, MBNITEA L
ST & B L C BBB & — AL Bl i L3R5
% I 4~ X5 BBB opening 23EH LTV
%o AR TIIZ OWSTF %%%E%LT PR &
FRAE SR & 548 3 5 2 & TABRIZE W G ArE
b OBMIME TT V2B L, A NN O
55 FE W & MmEFEMETTHE DB 2R A TR
WTHET D,

b M ER RPN R IR (HUVEC) 2.0 X 106 cells/mL
EIEF B N ARAESEMIAE 1.0 X100 cellymL % 7 1 7
U rapicaL, 527 VEEIZ HUVEC &
1.0 X 10° cells/mL #&5fH L C 2 KFfi]A > F = X— K L 7=
%, MENBMIA RN F 2 e g1 5 2
& TERMMAE TTVEAER LTz, T A ONIEICHK
#EHHA) (FITC-dextran, 4)f# 2MDa) & fvhaiaz
BALL, £k, BEE VAL 1 RS L,
SIRTR OIS AOCEI L L EE RN T T oMU
WS EVOREEBIEEZIT - To, TORR, LV
ARIEVEEE AT A MEET LICBNTH, &
B U T RN RIE IR L CIE A SRR S
FEHEELRET D 2 & N FEBRAICHER ST,

2022-32 KRG IZ L AHE 5 AR G D% R
TG R, RATESE (LK), IMREREE, $3A S (7 5L
K)

VR, BEWICLD A LT 2L —a (R
FEONEE SN TWD. A A/ EVal—va 0
FIF & L CHREIRHIIE (dendritic cell, LA T DC) % H
W BNADRIERIENEZ BN T WD, Z OIREE
Tl DC A SELLERDH Y, HERHBIZ XL
VRIIEN Ca R LA FifefIc EA- &5 2 & Thl
AEFECEXLAEMENSH L. 2 TARREETIE, &
HERBEMEE & R A T WV T, BE RIS
Ca¥* > 7 v 7 afHET DFIZ OV TRET L7z
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)

)L T 7 7 A 37 )L ; Ultrafine-bubble (UFB)
X, EA lum ROKIETH Y BRI SETT
THEMTH D, 2017 FICEHEHSFE 1SO) & LT,
YA RRT DAFRMBBE STz, BEIC, B, 5.
BREE. L¥T C UFB ORRMNFES L, A4k, H
BRE 70 RS - B RIRICE LT 5 & TS TH
B, LU, BRSBTS T HAF5EE 51Tt B & Lt
NTENTEY, ZOMIETIEE > 72I1L00 TH 5,
UFB |7/ Ki+Th 572, MIENIZIR Y AL
T BRI A & AERNER~ 2RI EET D
AR S LTHRET 2 LB DN D, ARBFETIL,
UFB 8A| o R Ic i et 247 - 72,

INETIZEERELIZ, MEORF 2 —K
PAEHIY UFB 1ESL4EE 4 BA%E L. UFB 12 & 2 AEBNEM:
HADIEFNLEZ B L C& 7, Fex »BA% L7- UFB
PERERE IC K0 | M CH)— 72 BAHY 120 nm @ UFB
Z. 2X10°7 fE/ml PA Lo SR E CLERICAER S S
T EMTE I, RIEEE LT, ZRRIK, AAFREK, 7
Jb 3 — AR DT, &4 FE UFB ORI EURE & 3
A RX%F 7 T Xy TR RNERERE CRME L 7=
LA RUF ) —F% 50 [BEE S TER L
UFB O A X%, AEKEABREEKTEN TN
122.7+73.0, 122.6+52.4 (nm)TH ¥ . Ri+HIEE I
ZNER 2.4, 2.6 (10° Particles/ml) TH - 7=, ZKEEK
TR F = U —F % 400 [F1i@iH S 5 & UFB O%L
DMEALIZEEIN L7228, BB AR CIXZE (L L -
Too 7N a—AREOEAL L BRRL, Z 0 a— Y
K UFB ORI T HREIT —ECTh o7z, ZDIEH
i%. UFB #AIOFZMbICmT THEE L b b,

2022-34 U F 2V ENOKIA OB LI TR OfRAT
ZAETR, TR, EEAR e T2 )

Ty A UNNTIVDERITIETER D 505, £D 1O
WX TF 2 VERERNOERIA TS, 20k
ETIE, _RUF2VBEOAT— b TR CTORERED
Bz X 25 oias, £ EFIZ X > TRIEAM
b Sh, HENHE TATAERDO O DOIRE
NINFRETHY, BEDLRLRIGFTHDLZ LMD
HENhTW5b, LL, X7 AL EDR Ee, —
JB OB EICIX, X F 2 VENORIK MO
BRRIESCRIA O %E), N F o U EOBIRS KIET
MR EERAODICTHLERD 5, AR TIE, 7
7 A XTIV DEREN AR T o VB /N
FHELTRY, WMENNMULIND & ROk
DIMNIGIZ KT THENRE R D &b, N
F 2 VENORIK AT O TRENR B K IE D28
FRMTINEEE L 72D, D12, XU F 2 VENOR/N
72 it 34 HH 0D SR AR D B EIR BB R0 KT D ZE B 12D
WT, BiEY I 2l —vardb LICERZHFHAL
THRET D, SHIT, [EROEND, X F 2 VFE
WA B — N FHIOIRR Y AR — K & A OW i
Ht, An— M FRORIRENRT 7 A4 T LD
BRI EE RFT 2 EPERINTEY, Zhb
DINT A—=H DEBIZONTHELRT D,

2022-35 UIVNT T 7 AL T L T DR 0D A]
REME
NI TR CE-PEBUERTT, AR R)

A S OV R O DEr 71X JE e, AR
il B CAETEBIER O THIICEECTH Y | DA
T EWET D08, WSRO O 7 I R o
Wy FOBEERLLEEOAHNEL > T
Wb, Al Bexxvv 8T 7 7 A 3T )L(UFBs) &
AWz~ 2 v — 2R OEegs 2 BI% L, Elng
O, 3D AEET LV TOANTL T T — 7 OB
FE xR LTz,

KEAKERTF 2 VBITEATLZ EICL YA
3% UFBs #7 /%A k LMI0 CHIEEL, X F =
VEENET D~ U A — AT O 2 ER L
72. 65 kL Lo Elingr 20 £kt L, AREORFH R0



FT&, Bt BE%EFA L, 3D OEET LV
(n=10) 1277 — 7 TR TRtk Rk 2 B A
L. XU Fa2VEHY - 7o LCKIESY 1.5L, 3 4R
Vel 24TV, BRAEATIC K 0 FRRET L7,

RyF2VEICEY 194mmd 2 v — 712 10-
1000nm F£ T 10°f#/ml F2EED UFBs 234 LT, &
i OERARA CITA FEFRIT R L, HEHARORE
P -T2, 3D AMEE T A OWSERD 7T —
PREJ|IZEFTIERC T 2 VEH VD 83.2+7.4%,
72 LA 4.121.2%T 20.3 5 DOFRERE(p<0.01), FEAT
XA 71.4+17.4%, 72 LAY 5.052.5% T 143 %
(p<0.0)DERERTH 7=,

UFBs 13205 DA A L, TTICy vy 7V —A
WEBEIZHSHINATWS, KGRI TF 2 UEF
£C, EENNITH Y, KIEDHRT UFBs AT
DI, BIEBMNENEL Lig, 77 v v T H#
DT T7—7 DEZFHRLICERNBEHENATWS Y
= v MKIRT IO &2 Vi35 N 2T e
RS R BMETEZEAT 20 BERH Y R iTm
IECENEE I ALNETH D, AT~
AV —AZEEX, OFENIZ UFBs KETEA L., Hei#%
EBIZHIKT 572 Bl D 072 < | il <o
BNEH CHOLERFE L OBERGERS 225
ATREMEAVRIZ ST,

2022-36 DIVRT T 7 AL NT AV LTIZH I NT U AI v H
—IIMEM AL Db REE TS D
NS, STAESERS, B AT B (R hd )

KA R ST B RRIIRE, ZBOEERSE L
AL, FEARICEKREEL KT, ZOIGHHEE %
BRET DN EFFOTY N T U AI v X —% TV |k
Z7 774 NT7 ) (UFB) IZEATHZ LT, W A%
IR CRELE T, BEHIH 7252 R IR DO BE 2UKAME
K CX %, AlAl, COEADUFB (CO-UFB) H:#8ik
2 X BRI ERE~ DL L OB 57 2 F &8s 1
TR 2 R - AT L 72,

B PN BRI SN IR s & — R bR FE & SR S
WIRRE TR MR L, CO-UFB K5k & 1k L

7o YERE L7z CO-UFB E:#&iRIE T/ Rt o 2 7
2 (NanoSight) THLEE/3AR Z5F M L7z, W OB
KWTERELI-b DA ha— /L, CO-UFB 55#%
WTH#EL7-bD% CO-UFB it & L7z, ICR ¥ A
DG 2 MR A A BRI TR R L, VR AL
FB IO REZEH Lz, £ HOMBRICK
WTC RNA ¥ —7 =2 ¥ 7 CHEFRIOMRAT 24T\ %8
BIATLHE L TV B BB FREORGT 21T 5 72,

F R FRNT OFER ., CO-UFB £52&8 1 FI2f% 50-
200nm % H0 L7259 1.9x10° fE/ml & UFB % iR T &
Too @2 b —)URE & i LT, CO-UFB RED IR
AR L OPWHERIIARBIC LA Lz, S HICARE
DIRENID RNA ¥ — 27 =23 o 7280 T, Gene
Ontology f##T1ZC CO-UFB FEIZB W T v KU
7 BB REORBULHEZ B T2, ZO/RR LD,
UFB L L7 Y F T A v X —TMlENIZELY iA
Fi. I har R T ERIEHREEE S Z & T sk
REAm LT 5 rREtEnH 5,
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FTI7 AT IVOHIE

NEAE FE R (R ] )

WAE, U T T 7 A U NTILERSEF O 7R
HF, DOV XY U —~y R ETRSEREED
koo tz, UV T T 74 L XTI(UFB)DO W) HE
FEDOMEITAAE S 721X 0 TH D, Fox iTkkx 72
UFB B TIEDIIZED 72T, BEHR R 7 T4
—THRAETDHIA NFICUFBBMEET D Z L 23
LD THET D, 77 v 84 Mg
(Nanosight ) & JLHRFVE EMIEE (Archimedes) %
FWTCTUFB ZIE L= & 2 A 1.3X10° f#/ml | HKit-
A R 178nm+6.7nm A B L7, =i Tzl sy
fEL7- & Z A UFB OEEILE L < B bz Z
EMBUN T T 7 A RT IR I A NIRRT
D EDNITRBE I,

2022-38 Ultrasound brain stimulation for the treatment of

depression: a preclinical study



Ayache Bouakaz (Inserm)

Background: Major depression (MD) is the second cause
of illness-induced disability in the world and therapeutic
approaches, whether pharmacological-driven or via brain
stimulation, do not show efficacy in all patients and lack
specificity when targeting the pathophysiological
correlates of the disease such as structures of the
corticolimbic  network. Ultrasound neurostimulation
(USNS) has shown the ability to target focally and activate
deep brain areas. We sought that targeting the ventromedial
prefrontal cortex (vmPFC) with repeated USNS might thus
be of therapeutic interest in MD.

Methods: The optimal USNS parameters were evaluated
on thirty mice using motor stimulation and c-Fos
immunostaining then the novel approach was assessed as a
long-term, 5-day treatment in chronic-stressed mice
showing depressive-like behaviors from an unpredictable
chronic mild stress regimen (UCMS).

Results: Chronic USNS treatment showed significant
efficacy in alleviating measures of daily-living and
anxiety-related behaviors commonly disturbed in MD.
18FDG microPET imaging revealed changes in metabolic
activity in brain regions near the target and at distance from
the stimulation site. Glutamatergic metabolic pathways in
distributed cortical and subcortical regions of the limbic
networks such as the medial prefrontal cortex, the
amygdala and the hippocampus were modified by USNS.

Conclusions: Chronic USNS treatment has shown
efficacy in reducing anxiety-related, chronic stress-
induced behaviors in mice and acted at distance from the
stimulation site on the whole brain metabolome, inducing
long-term changes in signaling pathways. Chronic USNS
of the vmPFC has shown therapeutic potential for stress-
related illnesses and MD.

2022-39 Very low-intensity ultrasound facilitates
glymphatic circulation: How?

Wei-Hao Liao, Chueh-Hung Wu, Ya-Cherng Chu, Ming-

Yen Hsiao (National Taiwan University), Yi Kung
(National Chiayi University), Jaw-Lin Wang and Wen-
Shiang Chen (National Taiwan University)

Introduction: The glymphatic system has been proposed
as a mechanism for clearing waste from the brain
parenchyma. However, the effects and mechanisms of
ultrasound on glymphatic function remain unclear.
Method: Intracisternal injection of fluorescent
cerebrospinal fluid (CSF) tracer was performed in mice.
Very low intensity ultrasound (VLIUS) (center frequency
= 1 MHgz; pulse repetition frequency = 1 kHz; duty factor

= 1%, and spatial peak temporal average intensity [Ispta]

3.68 mW/cm?;, duration = 5 min) was applied.
Distribution of tracers into the brain parenchyma was
evaluated in the 500 pm coronal slices. Fluorescence
macroscopy was used for in vivo transcranial live imaging
of tracer distribution. To investigate the mechanisms
involved, we applied agonists and antagonists of transient
receptor potential vanilloid-4 (TRPV4) and aquaporin-4
(AQP4).

Result: VLIUS could significantly enhance the influx of
CSF tracers into the perivascular spaces of the brain and
also facilitate interstitial substance clearance from the
brain parenchyma. Notably, no evidence of brain damage
was observed after VLIUS stimulation. We further
demonstrated that VLIUS enhanced the glymphatic influx
via the TRPV4-AQP4 pathway in the astrocytes.
Conclusion: VLIUS may regulate glymphatic function
and modify the natural course of central nervous system
disorders related to waste clearance dysfunction, without
causing observable brain damage. This mechanism may
provide important insights into VLIUS-regulated
glymphatic function and its therapeutic potential for
central nervous system disorders.

2022-40 Recent Updates on Focused Ultrasound

Neuromodulation

Hyungmin Kim (Korea Institute of Science and



Technology)

Non-pharmacological and non-invasive
neuromodulation of selective brain areas would provide
neuroscience and

unprecedented  opportunities in

neurotherapeutics. Low-intensity focused ultrasound
(LIFU) has emerged as a novel neuromodulation modality
with its exquisite spatial selectivity and depth penetration
compared to conventional non-invasive neuromodulation
methods, such as transcranial magnetic stimulation (TMS)
and transcranial current stimulation (tCS). LIFU in pulsed
mode also provides bi-modal (both excitatory and
suppressive) neuromodulation capability. In this talk, I will
present  various  region-specific =~ LIFU-mediated
neuromodulatory effects that have been demonstrated on
animal species (rodents, rabbits, sheep, and primates) and
humans. The evidence of successful neuromodulation will
be given by functional magnetic resonance imaging
(fMRI), electrophysiological recordings (EEG/EMG),
positron emission tomography (PET), and direct
behavioral responses. I will also introduce some of our
recent research on LIFU-mediated neuromodulation at

KIST.

2022-41 Induction of oxidative stress tolerance by
ultrasound irradiation extends the lifespan of C. elegans
Hiroshi Ichikawa, Sanshiro Hirai, Reika Matsushita, Kota
Yamagami (Doshisha University), Ryosuke Niwa, Yukiko
Minamiyama (Kyoto Prefectural University), Iwaki
Akiyama (Doshisha University)

Introduction: To prevent aging-related diseases, it is
important to maintain a high level of antioxidant capacity
in the body. In our previous study, we confirmed that
ultrasound (US) irradiation in rats increases blood reactive
oxygen species (ROS) scavenging activity. In this study,
we investigated the effect of US irradiation on lifespan in
C. elegans from the viewpoint of oxidative stress.
Method: Cultured wild-type N2 strain C. elegans were

used. US irradiation was carried out by placing a cell

culture dish at a position 70 mm away from a planar
oscillator with a frequency of 2 MHz. Irradiation
conditions were examined according to irradiation time,
sound intensity, and irradiation frequency. In addition, 10
mM paraquat (PQ) was added for 2 days from the day after
US irradiation to examine the effect of US irradiation. To
measure the antioxidant capacity of C. elegans, frozen
samples were prepared with liquid nitrogen from the
control and the US group. After that, the ESR spin trapping
method was used to evaluate the scavenging activity of
each of the six kinds of ROS.

Result: US irradiation of 0.21, 0.42 W/cm? 1 min
significantly extended the life span, and 0.42 W/cm?, 5 min
gave similar results. Moreover, the lifetime was further
extended by multiple irradiations. 10 mM PQ shortened
lifespan, but pretreatment with US irradiation significantly
suppressed the shortening of lifespan. ROS scavenging
activity was significantly increased (especially singlet
oxygen, hydroxyl radical, superoxide) by US irradiation.
Conclusion: Moderate US irradiation was found to
significantly extend the average lifespan of C. elegans by
inducing resistance to oxidative stress. The US irradiation
conditions used this time comply with safety standards for
humans, and we would like to apply it to preventive
methods for oxidative stress-related diseases in humans in

the future.

2022-42 Separation of submicron particles with ultrasonic
nebulization - Effect of fine bubbles

Susumu Nii, Daisuke Wakita, Takashi Goshima, Kei
Mizuta (Doshisha University)

Introduction: Submicron particles are widely applied for
Q-dots, catalysts and cosmetics. There is a strong demand
for a simple technique for separating the particles of
specific size range. The present study proposes the use of
ultrasonic nebulization for separating submicron silica
particle. Our laboratory had reported that a specific size

particle was separated in ultrasonically prepared mist.



Since the mist generated from the liquid fountain formed
in ultrasonic irradiation, our focus was set on the particle
separation within the liquid fountain to explore the
conditions for better separation as well as to clarify the
separation mechanism. Interestingly, a potential relation
was found between the presence of fine bubbles and the
occurrence of particle separation.

Method: Silica particles of 100 and 300 nm diameter were
selected as sample. A 50 mL sample suspension was
prepared with mixing the same number of each particle
with deionized water. The total particle concentration was
set at 1000 ppm. Saturated gas in the suspension was
changed by bubbling Xe or Ar after degassing the
suspension. It was transferred to the atomization column
shown in Figure 1 and was irradiated with 2.5 MHz
ultrasound with a power input of 7 W from the bottom of
the column. At the top of the liquid fountain samples were
taken at predetermined time. Temperature of the
suspension was kept constant by cooling with circulating
coolant to the cooling coil. Particle size distribution and
number density was analyzed with a laser tracking method
using Nanosight LM-10.

Result: Ultrasonic nebulization of the sample suspension
saturated with Xe led to the enrichment of 100 nm silica
particles against 300 nm ones. The enrichment ratio
reached about 4. For the sample saturated with Ar, the
enrichment ratio of 100 nm silica particle was as high as 2.
The high ratio was kept high by the continuous bubbling
of Ar. Furthermore, no separation occurred by degassing
the sample suspension. The fact reflects the strong relation
between dissolved gas amount and the occurrence of
separation. The number density of fine bubbles in Ar-
saturated water was 10 times as large as air-saturated water.
The result indicated that a role of fine bubbles in separating
submicron particles under ultrasonication.

Conclusion: In the liquid fountain formed by irradiating
MHz ultrasound, 100 nm silica particles were enriched at

the top of the fountain. A strong effect of the dissolved gas

was found on the separation. A high number of fine
bubbles were observed for the condition that attains a
higher separation. The results indicated that cavitation

bubbles play an important role for the separation.



