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2.1. 2O E

TRk 25 R OB E B L DA KMEBNIEE - BEEBRENES AT LOHEEOQ

BRI B &R B JRESIFOBREG = v E U OMMELTE O AT & 2 ol T
b T Y XL DR ET @ ) A SR R M O I E & A W IR O A AL R D A5 il R M o0 B AR AT
VRl 26 4 OB EF I LD DNA ~OEHAOBRFTOMRI B % H\ 7= 5 5E 546 0
WHEQ@=aVEY OMETEZHERM L 2BEELEE S AT LOMEDQEKRNITICKIT D
AW OASEFEME O FEEBRAYFRAT SRR 27 B D 1E A& B R O 8 3 I B S o HRL o~
DEBRF QLM OB FFEA A=V VTV AT AOBBO@ M 7 7 > b A X
2 BAE@ W AW IZ K DM OB S HEEDOERIRE FRk 28 FE - O EFRREIZ X
LSO BEORFTO~@RET AT A& HWTCEWERIC L 5 H MR FRk 29
B O~@Fpk 256~ 28 4T F M L 72 bF 28 R O MG FT. &4 R IR AN 2=
BRI LUK RO 21T 5 .

2.2. 77—~ BIWF %L i E
2. 2. 1 EBERCBII>BERENMOREMEOH

FO AN & 2 B~ ORI BREN LIEBIERIC T b, ThERRO
FoHmsnTnd. BEERISEKRTEZERT S L, BERT KL X — 13K RIS
NTAT R X —~ LB 5. VB S RESLEYFES (WFUMB:World Federation
for Ultrasound in Medicine and Biology) D H A KJ A I LAVXAERP CORERE EF N
4.0CEHZDRENRRRES &, EER~DREPNBEH TE R RDLRINTND. —
Ji, MEWOFENKREL D E, WM "TURELE - BETLIFyET—v 3 v LI
BENABRICE > THMEBEELZSIEEZT. Sy 7 —va VITIEFICERBTIED 50
REBpz VX —2%AEL, HMLEZMEILERH D, BEOEEME TH 2 MIK1.9 1%, B
FEREFICL > TLZENHERINTMHETITIRLS, TNETOEFKLE, KB TOEER CTHGR
PR ENTZEISEBEINTZL0THLICLNb BT, KEZ PO 0EAEME T
ELETFESET28ENDHD. Fio, MAOARBEHEWR T X/ X —TDNA G L 726 b R
ENTHY, RIS REEZEMICHET2EEERETILENELCTND. £, B
EBEWRZE CIX, A OBHFICELAZ2REL TBERBREM DL Z LR H
5. EEATEEE i n DREE G~ A 7o RTARTHY, ThLDOEEEFYET
—YarEREIELIBERREORMEAZER TSI, QWARRE L 40 & Z 3 wmetk
DD, EEARGHROBERAEKRENCOVWTLHERBTILELNHDL. ZOLH7R
HEND, BEEBHICII2EKR~ORELHWERL XL CTHRRAB T HLEENERLT
AR
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RIFFET —~ Tk, BEEBHICLD2ABEB~ORELRFTI2-D0HMERD -
DDOYAT LEHEL, OF vy 7 —va UBAELIRE EFN DNA~E X ZEBIZON

DIFE, QEXAEZREINTELAICBERBNREZ 2EKEK~OREIZONTOD
B ZHMERICI > THLNICT S, T RELERT L LITED, @V v
7 METH bR ICEERBIIC AR EICED I RRELEML T, Ok
REBEREE LTS KHIZE 2 5. ENICEBEROAKLEEZFEMICHEL TS
T ORI 2 <, MK TOMERREZ T AN TVWLIERRES 5.

FFEEOMEFEILLL FOEY Th .

[Frk2 54)E]

BERBHIC L2 AEBEBK~OZ LN ERFNT DD ICLELRERRRE L RHET 5. F
2 SAEEITHEERBHETICET2MBEANN COoFEELRE LA 2R —0® ¥ CTHIET
HYATLAERET LS. R, EEFEERTFERVEAAL R 74y, RBE LFITEAE
HAHAVLNTWE., 22T, KFRTEIN 77 AT Ty TRIFTAO I V—F 4 7
EMiLT, 77 AT Ty T v—F 47 (FBG) ¥ & MWD, FBC XN ORE DK
ENRKT2MHENH Y, TORHREIL, FBCICHRF SN BEROBECEEICE > TE
3%, LEER-T, K77 A NE/MEPICHALT, FBCEICHERALBF T L, &
FWOREH CHOWEENETHT 5 LRAMBICRELEIICE>THE{TE. 20k 572K
ENEATDHOESPL, HEECREERINCEXESZLEKT L. Z0EXES
CEHEFEEREZLICLE S TERINTNDD, BEROHKEII Mz K TH Y, RE
BACIZEWR 2D 5Hz REOWIR TH L7280, AEE 722k ThHliTS. ok
FERWZEYERMRES AT L ZlET 5.

[Frk 2 6 4 %)

HEEE OB L —aF5 A DNAOEDOSGFHHIFIELISH L, 100 % o M5 % 8k
ZHYARXODNAICKHT HBEROERZ, EEMHCHET L. T TICPHERICLDY
FrET7—vareg| TR ITEMEOH N ZEA S L, DNAO ZAREHGIENE Z Vi) 5
Tk, LT, MMEUTCIHEBEELERIZLZHBEAELTVD CRER) . &b, £
T3, 7 ADNADOFERRICLY, BEORENEDLIICRRLZONEEER T
n—7HBMEBEEHNTHLNIT D, ZAETIE, 1 ATEESIZ-EHHOUWNBZ 5
EORKBEED DNABEIL, Vo 2FET2REAKRCHEEREELZH-25 00 & HEH
SNTWVWDLN, ThaEEBNICHT T 2ERFIEIMFMLEL T RNLo T,

=
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TRk 25 EEICHR LB ERMAANES AT 22 HWTT v FOMBEORE L7 LB
BT OFEE, Bk, SV ARREMR, SRR LUK E OB EFTRET D

[FRk2 74 %]

Ty MCEREAMERG LT, BERBRELRE LADS X 2ME~0EELZRIT 5.
EBTIE, OWTFhol@Ebitbirnwar he— L, QBTHEOAZEN L, OB
FWERAOLEZERN L, OBFTREEAOEAZBETREBN LELET 5. ER
%2 ARFMKRBHICHBERML L, MEBEABLXOCEBEALERT S, F o miknanE
HE LT, MR FMAEL SN D, ALP, AST, ALT, LDH LASMIC CK, HEEEREIC DWW\ THE
BT ICHRAEZITY . EFREMETIE, ~~ bV VoAU RaIc L0 FME, FE
T OEN, RE & UMM 1 X 2 MakE, HhofB2885 5. B rEMEEAR
X, MR - BEEOREOAR TR, MIEANO I by N 7 OmEE, Mano Rz
R OFELBETS. ZNET, 7y FORFICHT 2 ERFBERTIE, BEHERAZH
WEDOLER THEAISN TV I2REOBERZRNT 5 &, RPBMSERL L OE - BHMEE
T, FoBERICh/ MOBENBERINDZ L, SOCHMBNICEZEOZRBBESR
L5728, FHICEXoTIHEEENRET LI LN, HOBRED EFMREOMENL Z
X, FFHkEEE CTH D ALP, AST, ALT, LDHA YN EH T EE26N0 5.

[k 2 8 4]

Ty NCEREAEZREE LT, BEERMICEZLHME~OREEZRHANT D, ERT
X, DEXEFEHEZIY 2R BERREZTS. OWTholLEbiTbRnwary be—
LHE, QBEWROLEZBE LIH, OHETRERAOLZEN LI, OBFREEA O
DHRSGBERZRE UL 5. ER%Z 2 4HMRBRICLAMAMKERHH L, MEikEAs
BLOBBEEAZERT D, WA J O I X 2 MMk, Himof L2857
5. BFBEMEEAT, MK BREOFEOA TR, MENOI Fary R 7 O
, MlENOREZRENOFAELBET LS. BENRBHEFARKICLERNZIRGT 5 LI
Lo TARBRFEEIZOVWTHLHRAT 5.

[FRk 2 94 ]

VRl 26~28 FEICEN L THO MR, Tabb, BERREICK MR
JEESR, DNAHRE O E &2 504, & FBMEIC L 288, LEXEOMKR, EEAOA
MEOMEE LD ELD TREELZERT S, ZL T, ARBTHEEZABBL LA
MyTs2ZEBEa~WETSH. AIZEATHE, EROEEM[THIGARETH D008 5 0, 3k
TERWVWHEEGIE, FILWEEHEORSZITO D, EEKEE L bICHERELITY, SLEH
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ETHD. AT —~TiE, ZESNPOLOEFFICLD, LHE
%

2. 2. 2 FRIZCEDEBEROBWELEDOS A —D T

KIFFET —~ CTHBEEFEEZACCTERNLORN RGO DA ZHERBEICA A -V T
THZEEAMELTWD., AERNETICEIT 2 BMAEEY -0 OBAEEITHEENIC L > TR
BOMEERL, PIZERAMBITHRERMELZ R T ZERMOATND. LER-T, B
WadHOTHBORFFOBMNERE Y- OBEEO N2 IFREAICRBLT L LT
WX, BRZWBICE O CTHERTIEGE D 2 &N Lo B e B 5 W 2 it T & 5 W HE
PERd L. RFIETIE, UTOXIICLTA A=Y T E2IT5. £F, AERENHE LK~
DEEDR WKL LVOBER CINET 2. 20 & & OMEkOIRE EA oK ZE b2 H
ET L. WEINEE EFMREEAEBEEIEA~E2D5Z8ICXY, BBREDS
HaEHBEICEoTRDD., ZOBBILY AT AT, KO3 OOBERHIFNLEL 2D,
1oL, BERICEX2ERNTOR/NMBEOREK CH L. &2 oML, A&
NEHORE LA ZBERICE - CHFRBICHUT 28 TH L. 2 ORE EF7NE XS H
DIRERFEEEZRA T 2720, MRAOAERNTOFESANLELRD. AENETOF
WA E TOHET LI LENHEIOEREINL 2D, HEKOAK~ORZLMEICHT 2 E
B2 A R4 ek niE, BEEARACUTFTOHRIEMEL WS TWND., 20
e, WEEFHBICBWTIE4ACUTORE FAZBEERSHMET 2 ENEHEL
D REFFETIE, BRHEBA A -7 (MR 1) 226%F®E (Xl Dmz#Ed sz
EERBET S, MR I TGS 2B, EEREHKOKSELZRKBRLIZEHBTHY,
FHOLKDBICL S TRRDZZENALNT WD, WENHEET AR &E Y. £
72, MR I CTHREBINLIFIREARFIEICL s TBILL XD & T H8HEEEZXIS ST 208
DD, TORIZOVWTHMRFAEZIT). TOUOLDHEFBHITEHWIEZA A=Y TR
TAEREL, ERMABEREY 7 PARLPICEYERICE > T, TOoEHMEE R
2.

FAEE O RFE I FO®MY Th 5.

[Frk2 54E]

AWFZEE, EREBROBB RO S M e A A -V 73522 AL LTS,
FRIC, HAIAREY7Z 0 OBRFEITHMRIC LI > TERLMEEZ L, B 23X AMRITFR 7
ErRTeRnmbNTWD. T2bb, RKRNEEZER~ORED R OHUNEEMIR L
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7o b & DMk OWRE EF o R BB A& ARG R TR~ 25 28I XY, BERE
DM EBRBAET D LN TED. ZOBBIATRAT LTI, RO I OOEREIRPSLE
E . B oM, BERICKDEKRNNEOHNEEOMBHKIFCH L. HF20H
Wik, AEANBORE LA ZIFRBICHNT2HIFCHD. KFRTIE, 202 >0
COVWTIHBHEEEMA VS, £/, BEWRICL>THE FEZMET 220121, FHO
BEKGEZFAT 2720, EENBOTERSMPLEL 5. KPFFETIE, MRI THRE
ENHEENOEENMERET D, ZNNE 3 OEREMN LD, FRL2 5FE T,
ETH1IOHWLEF20HMNEZHET L. BEEMBIC OV TIE, BEICRBIAH (Hyper
Thermia) (IZHBWTHIH SN TWHEREREME K (High Intensity Focused
Ultrasound: HIFU) &REIN TWDENZILKRT 5. BEFRICL > THERKRS FOF
WaEEET 5. BENECONCE, THROBREKRFEZHWCEE LA E2MET D72
D OE B FIEERET 5.

[ Rk 2 64 %]

A WAR AN - Fpk 2 5 F TG Lo BB SRS 23 (EL T, MREKO
PR &Y — & B3 . HIFU B EEESD FIXESmERoMmELZ KE<F22 ik
D, BREEARD T, EEEEMEEERETS72DICHVWLN L. AR TIE, KW
P A MUNRE ER S E 5700, EEZRE LS L TEWEIEAZ Y — MRS 2R 72424
FEpsh. WEMNEEN : MBICX2REEFAZBER- a—2b#ET 26 50 FIE
ZEMLEHMES AT bz2ilffT 5. MMFELERERBF2 AT, TEABFEDOY—72
AR T 7> P A OBERMEZITY, TOLE DT 7 N ANORE EF 2R 1E
VAT LATHET D, WERKERD I ZER o FRES DR 2 FEBRAICHEF 5. 30
BERBEWMTH D MRIIC L2 FHMEETFIEOMEELITY. BEFEONRERE CTH DL MRI (A
% Echelon Vega, 1.5T) T/AEMKMMEE Y 7 P22 KRG T LI LTk T, BHEDOMN
RE EHROICHET .

[k 2 74 %]

FEIDHEBHFINTH D, MRINZ X2 FHHMEEICHOWVWTIE, FRR 2 6 FEITENN T MRI
BD 7L —2 7= EHEHFHEEDOERREH TS, AFRTHG LT 25 H AR EK
D E g2 O WAL & MRT B 2 &5 S8 5. MRI TRE S - b OO E & S 5l
DAEFERLT, TRHEREREESMERTST L2772 P LEERT .

Fio, BERKARA -V 7 TRRAINDMEB L MR THB S nuzmifg & o hnE B % %t
IS DMERS DD, ZOFHECOVTRFT S, RN ORBNRIERCHEE %
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M2 HE, e hEBEKR T —7 0O 3R RMERGNDHEET D Fik, EEBHAN
AN A T TR BN 2 D 2 HIEFIZOWTERMNHBF ZHR YK LITY, £02

BEBEO~y For T a2iTO>T7 VA AL 2METDL. FE1EINBLIOE2HEBMAE L
T, EHENEOBIEEA A= VY 2T 0ERIELT, 77 FAEREITRY, %
DI 2R R 2 ET 5.

[Frk 2 8 4]

VR 2 THREIZHBELIEA AV T VAT AERHWT, 772 FAERRDLNICEY
FRAZBRY IR LATWRD D, KFFET —~THET DA A -V T VAT LOF LK
TS R, Mo fERE, EE MR, WERE, ¥4Iy LU VEOYIMA
FrtE 2B 620232 & L b0, HGEOFBRERCHEKICK T 2BEEELRFTT L2 LI
D, KTAT LOKRZW~DHEHATREMEZH 62027 5.

[Frk 2 94k

TRk 2 8 FEFEICHI VT, RIS L o THFE Lz 3 DD FEEEIM &5 LWV BV 72 45
MEOBERA AV TV AT LOENMMEEMERFICL > THRHET L. BEELEZIR
T AWK FEM A AT RE7R & AT A0 E 9 D ORRFE - HEEAT D . WEKAIFEAM A AT EE &
ESINTHEITIE, Fl3 0 FELURICERT 2MKRICE T 2 BENRITEOED HIZo
WTHHT 5.

2. 2. 3 AYHETEHTLNITY) XLEZHVEZBEEA AV IEIFORRE

FWA A=V T I3ERNBOERELENOMEICHRGTE2HEMTHDL Z & n
O, MROIEEBERFEICBITLDEBEREIFOOLE DL LTMESITOND. &K TIEA
R & HEH A OO M5 P B WS B SR STV D Y, BRIETECAi AR O R TEFE TR T
XHLEIAFETTIREES TR, FFIZ, BEFERA AT T OB TH D IMFE N OA
A=V TICBNTE, GRRENEMHERITEORBEROFE X MR REL, +54
HEOMKLARE LeEEO/N b CICEMEILEZE LN DIZL TS, —
T, HEEHEDLIE, ZNETICavE) OFx RBEBITHZFHNZELT, a2 vE) BEAFO
BV THIREIRR RS, AMMBOA == RFT AT AL ERLTWD I EE
ZHAEHELTHD. #IZE, 20 OREELELEICH T 2METHZIZO0E L L
THETLND. avE I a—0B/INREREZEZRNT D720, HOLRONTHEK
BT T DR BURE A IEF IS E W, Wb DT R T o L 27 AL TS Al
AT & X, RITPOavEYR, Fy 77 —=RCEIVENMT L2 a—RNFIC I OHK
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WK T B L5110, 2EMORAEHREZ= e —ALT 578125 5. EEEFE T
L, ZEREZEHERICT I THE—Fy hOBFEREBIEROBERA A -V L
X, FoRBEZ2avEIVIIALTNWDLIZERNDND. RFETIEL, Lo LSkhavEl
DETBHOT NV ITY XD X ST, ZBEEFICHTHE RO M AR L T, FHK
EEoms s LzAEAWMiET VT X E28HHAT 228280, +oEE %ML
TAEE O /N LR L2 BB T 522 AWM E T 5. £2, KM TIE, FRICER
RS TWhnwa e OMEITHEERICE > THLMMCL, TREBERA A—
VISNIBHT L LI R TCESMES oM EXHEREREOR A BT, B L
TN ITYANE, =TT Ty b T A —LOHREFABEERA A=V TV AT LI
WMLT, MEHEE7 7 FAEHWEERLR L CICHHERICL > TEOHEIMEEZ BT
5.

FAEE ORI BT FO@EY Th 5.

[ Fhk 2 54 )

AR TIE, 7o —L U ARFETHEINLA—T 7Ty PAR— L0 FRHAET KA
A=V TV AT A ayEY OMEITEIZEARL LoMiFll 7y v XA & ST
L. KVATLAIEREFOBEBEICRETCELZ L2 EELTVSD. AKNENL DM
FE o — AR OB KT EIC L > THEBICED I > TRES KE %,
RO R AR EE M~ 7 5. LER- T, LT AU X AT, ik #E
LED LT HHEBONMEIC LT, HET28F KO0 EECH IR RS E5
VERH DL, MfHEE 7 7 o bA2AWT, AFEOBSNMETEOWE, HEHE %2R
AT 5.

—7F, avE ) OMETHFIICONTIE, T—YardFy I FrEBLEEALL, B
LWEIHHI S AT L OBEEZIT) . ZHLETCHRASIN TN L2 a0 E ) OFKHELE FEICA
AL MEATEIOIZ), REHEOEME MBS IS T 2 MEITSOFEO AR LIRS . B

EHIWZIZ, =20 ORITEELET— a oy 7F v EEFETEHAL, FEFICEESLZ
DR ESCE—AREOEE, FEAFNEBRICCHMTS., Fharve Vit za—

H, TUA MY EFBEFRHEECHNZTY, 3R A a—FRIZISC TRHHEESE—
LlE, E-AXFv=2v 7 MEEOEIICarybu— LT 300 ERBICHENET T
A

[Frk 2 6 4]
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2, 2 IO M5 A & B3 2 FBRY AT KA HMET 5.
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M5, CRNOORFLLIENELY VU T TRAAL AL LTOEOMREE, BEEREIC
EOLK BT OESH - BRI OA D =X L2 LNTT D,
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(2) Ixir, BEEZW D55 TlL shear wave(T 0 I,  AWIE) 2 H W 72 4 KL%
DO SMEENEMES L, CEAMEITKREZEHECSTS2AMAELIRFTI A TWD. 2
DFiEIZ, B Th D shear wave DR E LSO TV HMERLPFHLL TVWDL Z & %
FIRT 20T, 770 8ERITHEBEZ M 2RIV IOFREZALTVDLEEZD
NTWD., L7enoT, o ZHOmEE o REAROZMICAHREREZ RIS L &
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(1) WHEBRORBIJE WG IERFERNES <, BFRER & FIRAE G mom Iz
ST, MBEERO ZWAMERRLOND. 20 WO EMAEEOEIC L o TERHE
EOHEMMATRE L 725, Z a7 MOEDEREHKRY & LRI E SO FERR
PSR PR IS & LIRS TV D . 2 O %R O R FEAL & &SI R R 1A )
EEW OB GEE) oFne, BREMICKD 2EERA D = X A0FMAR R E
75
(2) BRMMOEIHE : EERHIET C shear wave # B/E I ¥, T ORI OK T % #l
B 5 BE 2K AERE (Supersonic Imagine ff Aixplorer) Z W72 EBR S 2 7 L & k4
T5. 77 POV ERGER EBEFRICKIOEREFLL T, MKTBHESINT
WLT —=F 777 FEIZOWVWTHRFZIT D .
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(1) BEAERE : Ak 26 FEOMIE A KIS, B POEEDROMIE & E &R FEAMN
ZATO. UV OREFEHN G ERREE 2 - ER L, B 72 0 IZH0B O Bl g &,
NA R FTANZA b ORREME, BERCBEEREOLEMIEZFNT LS. £ O
W, B EZO D L REE O E S EY OB E 2 M ICHEET 5. FICERTBE
WhT AT a—H=, FEEMTEBAFROE SNV ZABEEZHEATER VAL —F 2 H
WT, BRBEZHET L2 FELCHOVWTERNICHENTS. L=V Z2HWDL AU v M
PR B WS IS VB ET AL SNSRI T2 2 LR AR Th DR &, RS HEE
DRESEFPTETHILERETHS.

(2) BRAEMR - PRk 25 FEICHE L BB A VNV ARAE T AT b L shear
wave BT DM H WA ZE L AT 22 MW T, ERMEESE Y 7> ~ LD shear wave fif
MrEiTH. RIS FEBRHENA LV NNV AZRASIEDLIZODO/NVAY =T T A TO0N

I
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TH#HT 2. 51T, shear wave N E 2 M LS E L7200, BERE—LT 4+ — I~
T DHEERHT D
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(1) WEARR : VR 26 4E T FM L 72 FERAE R & AT RS R 2 D3 D o Aol 0 F
BA L E—F U RAFEOREBYEEE W, BERBHEOAKT OFREMREBEN~D
T EHRICET 2y Pa—4 Y3 alb—varyEERITTH. BRPBENEMHRO FDTD 7
n7 7 LW RTLLELEBIT, BFFMALEZELT 0 VX NVANEET NV (BFESE MK 3
WRILETIN) ZBETD.

(2) B : PR 26FHICEMLIZY 7 FAEBROMRE L, Milko R —z25
BLlevIab—va YTk, EEMEET O shear wave O HE 7o An e M & i AT
T 5. S bIT, shear wave Dint TH U 2% J& T ) 72 MR 25 67 73 A1 O #E RF Y 224K 0~ B
shear wave DGt E 2 KD, WA O I N MEAMET 272007 VTV XL ZHFET
5.
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(1) AR : N ETOMRMEEZ DS &I, BHHAICIE U T Hid 728 5 ik g~
AF ADOREEEBRFTH. FEICFDIDICEBY I 2L —a VAHBIAALT, BEKRESHIC
EVALLZ2BOISNFEEBMOSMEHEL, TOKRLEBEETRESLEZRELEZRBH X
T LD AT D .

(2) BB : Tk 27T FEEICHBE LT LT X L% EHE L7 shear wave il S 2347 il
EVAT LEMEST L. 77 P LAERLEBYONIIEEOMME HWZERICL>TZIO
VAT LD SMERE, miERE, BT EORMEZHLNICT LS. WEROIEEID
AT 0% EoREREDWN L2 BiET.

[Frk 2 94k

VRl 28 SR E TOM TR RN EIR TICHATRE L 9 DA MGE - HET D, BMIEIZH T
ST, BEERNIESE, HICAABEREFEREFMEOY -1 2B TETHD.

Flo, BERELHHALT, TNETOMRKREMHOVTHBR S X7 L0 3L O A HE
a2+ 5. TOBRICITEMETEHEL R LIMLHES, A0 EME - REEZ S
DI AERRBRE 2TV, T 6 &~ — AR 30 42 B LURE o0 37 7= 7o bF 28 BA 98 5 $t & I E
T5.
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10%LLF Tin vivo THRIETEACEE LTz, *1

T—<3 EPHETRTILITVALERAVEBE RS A—DUTBITORR
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HERDOZHRBER LZHAFTESOIRMERELI-CLIZKY | EREMEAEDOME L/
VEERTEIETHD, CNIFBMBEREL-RE—HT D,

&1 SFEICETHBECHE

FE T—X1 T—<2 T—~3 T—Y4
2013 | b), a), b) b), b) b) a), b)
2014 | b), a), b) b), b) b) a), a)
2015 | b), a), b), a) b), c) b) a), a)
2016 | b), a), b) b), b) b) a), a)
2017 | A+ A A A- A, A- A A, A+

B i

2013~2016 FE a) HBHETELIEIZERLTULS, b) BARIEREISERLTLNS, o)PPE
nTW3,.d)ENRTWS

2017 EEXERETE A+HFULORENSH - ABBFESYDRENH o=, A-Hf
FEBYDHENH =D —ERIENNEROONT=. B + 2 TIEEIN >IN —ICDREEMN
Ho1=. C+HRLERENHo-EIXEELY,

K2 FEEICRITLARBEDFERS AN FH)

FE £ 7 T—Y1 T—X2 T—<3 T—Y4
2013 30,000 8,800 8,000 10,200 3,000
2014 30,000 8,800 7,000 10,200 4,000
2015 30,000 9,800 7,400 6,800 6,000
2016 40,000 12,000 9,600 12,000 6,400
2017 40,000 20,000 10,000 3,000 7,000

2014 FEET—ADEBNIEF THo=1=. BELT=, 2015 FE LT —4DEH HE
RATHo-1-OEEELT-. T—Y3DES NP LENTI-T-HFEELT-, 2016 FEIEIT—<3
TPDE1LERLI--OIE%EL-. T 1DEBNIBRTHo=-HIgEELf-. T—< 2D
EHHENT-DMRIBEEDEANLETHo1=-OEEELT-, 2017 FEILT—Y1TPD %
12ERLE-0, 8% L-. T—20#ESAEELI--O. F-MRIEEEZERANLETH
Sf=T-0BEELI=. T—< 4 OEBNIERATHoT-1-OIBEE L=, T—I3DEH L PPE
ni-f-HiEzEL 1=,

<4MER (55 =) 5@ OO R HE R &Rt ik >
N ME R RII5R TEESH ., KHIDFMIXI15]IC58ELT =,

ST
& HEE DL AA~DIEIERIITRLI=, T, AVREUTFITRT,

FlE A AT L—T(F ASHAZOESEREHRHOSMOHREEDDITHERH
L. 20O EHESBOREENBGEEL, BHOHEEECRH>T, SERMALH
BlE R BE R FTERIEANAYET ., RELLVHIEF —ASRIS EAofLBIE
T, SHOELHZERICHELNEBNET,

FfiE B MEOEAOHRLE BT RERRMINALLCUERICHESMA LT
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f=o ERIRHIGR A TORRDEENHLHE, JUHMYPT LY,

FHEE C TNETNADT—ITRELEMEREN LAY FRALH DV EELDER
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T—<2 A A B B A
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T—74 A A A A A
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F—<1 A A A A A
F—<2 A A A A A
F—<3 A A A A A
T—74 A A A A A
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F—<1 A B A A A
T—<2 A A A A A
F—<3 A A B B A
T—74 A A A A A
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T—<1 A A A A A
TF—72 A B A A A
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T—74 A A A A A
5) {2 & 5
F—<1 A A A A A
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F—<3 A A B B A
T—74 A A A A A
2% A A A A A

EREDFEM A-B-C-DA MNEELM. D AMESTE(E)

BEEIZBTAEMEB (X, 1)ENSMELOEE. 2)EFAMER. ) BEANDE.
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=4 2013~2016 FEE DI ERETMIER

B 1) 2) 13) |4 5) &k 5)%T—~ 6)
1 2 3 4

2013 |[4.0 [3.6 |3.0 |- 3.6 3.6 3.6 |34 3.8 3.6

2014 4.0 |40 |3.0 |3.75 |3.8 3.6 3.6 |34 3.8 3.8

2015 |38 |40 |3.6 |3.8 |[3.8 4.0 3.2 |34 3.8 3.8

2016 [3.8 |4.0 |3.6 |- 3.8 3.8 3.4 |3.2 3.8 3.6

2013 B KU 2016 FE(F4) ARV URDO I LIZDONWTOFEEE LG oF=.
BT —RICHTLMARICEAT HIEHEIRIL, BEECKRFILTBIELE:. RFEEITHITHR
SR RELLTIZRY,
2017 &
(1 BABETEEFSFE 91 AFMHESR (2018 £ 6 A 8-10 HHFEEKES) ICTATO
CIVMNDBRERETHVUROILERET S LT,
)ARFED—EZ/ERL. RREFEICEEH L=,
(B)T—V1NRLEICEATAIMERRICOVTIIEARABE EEFSEBIRLUVLEICAET
BEEE~RET D, F-. HRB B EEZEMFES (World Federation for Ultrasond
in Medicine and Biology)®E£Z&EEB £ (Safety Committee) [CDWWTHIEZTRETT B,
(4)2017 FEOFEMELL T, 2017 F£8 A 23 HORHDKRMTHRESTSZLEL T
BRIEMRKZEEHMPIEFBIRICLIBHRE. ELUREXRZRBZBEANR ZHBIRIC
KOBEFEE. TLTKRERFEICKDIRRI—FEREERT HEELT=,
BG)EBHRBREEZ 2018F 3 8 41 H(A)RSHRESHIIKMBIDEEICT—HRARE
g5EELT=,

2016 EBE

(B EBEFRAERELZTOMET V(BRI ERICEFLEHT—EICTHIEE, AFE

7E—ILT B LETIEBATEEEL, £, SHLEHEZRLT, EQLSBAMEERTS

MNERBIZRBICHE T O BMEBTLOLRE) LML TIXESTLLIA.
MEZIZTURMESELZ. EOLSBAMETRT I ONTIESIEHERTTHIEL

L=,
)EBE~NDEREZEENKBRHEL >TEDE=OIZHICHNTESINEFICEZDHEN
E-E:

ATOD I CRETHIMIIEMNBLOLWEERZHIEL TS, QL #EETSL. 1B
BRDFEREMN. ZEMITONTS AICHET IR VROV LTEERL. 8T—YT
BRfEIE T H&ELT=,

() EMHEFANDMNETHREETIHE I HH

ZREOBEBRIHIN., TESRYIBHEH T HLELT-,
(4)EBIZBLEENDERTARASNSERL

2018FBAICSHINF YU NATRERBBRRESEMET S LELZ. £, BXRET
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BGIPRFFAEEIZDODWTEEDH=LOABE

INFHEEET—VEICEED-LDEREEFIEICIBELT=,
(B)ARDEERHVERZERETLHICIE. BRFIGOEBZRELE - EEBMIZOZa=—13
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VERBLENHHERVET,
RRREEDIS2=y—2aV e RERT Y THESREL.BAD ARV URIOILT
FERRBIEXTHEIEFERIRICERRKRICE T BT RZMICOVTHEBEESRELL-,

2015 4EBE
(B T—RIZTDOVTHIVI AV DA

MR EZEEDRL. 8TV THEIETSZEELI- BIC. T—1EZAEMISGRE
HDREZEITOTLDTZO . DNA ~DEE H~DEE(RELREZET) . BOAF AN
~NDEELNHELT-
(2)BF A BRDORAEL

ERXMIZITEBEEERZSFOMRERE. HNTEOEREBIZLEL TSN, REEIZE)]
H%x 1 REALTBBEEEMEMREESAMELTERT HIEELZ, BIEHE. KER
ELRIHRE. PEORRICLERZES. RE XS TEEI AHEMEBEOBTRIZONT
HRALTL,
(B)ERHDIRTAEDAMEL

BT—YDEBROREEXFERREE(SEMLUT=,
(4) 2R XE D BIZ

MEEELL TSR 170, 000, 000 ADEfwE &EL T 75, 000, 000 M. & &t 245, 000, 000 F
T#H5, 10,000,000 ATHRXE 1 KREHRETHE.24.5 KEGDH, COBBELXBIEET 5,
(B) ML ARNILTHORBRE KRB LS EDFTHM

EAERKZAOKBZICSE VLS, DY XZRAV-HYREZITL. RETERBL
fzo A HEERWNZEUINIBEADFEIZTODWTHRHAFRIRLT-,

2014 B

B ZEEMNSBDEMICOVTOEKRMENARITHED SHEEEWN -V -DT. 2014 &£E
DBEZFHEICOVWTIEZT—IEIZEREL. ZOHERE 2015 FEFEER S ITRMIE T,
EREMNBENAMEDERESEIZTILENDHD IEDTHREEWN =0T, 7—
TAOMEELL T BEATIHLESRRERARILBEREO S MEW UV =,

<HRHBEERTEREOEE>

F—=1

D OYXFDEICHTIEERBHICKSIEREBLT. FERIREEDHBHZREZHRE
EBHRB) DHEBIZEL->TEHRT D,

2) BIEFRIE p53 AIAWERAWTINVIRZEBL——BREEA A MLEICEIEENT
A A=V I2&BTOTA—LBTEHFHEEE BT (C) D@L >TEHRT
o

F—<2

1) BERMRICEI2EREBOBMMEREREEAA—DUTICE>TEREHIZE T51E
BDREMHENZHADERERTT S,

2) MR SHISRETRBREBERAA—DUTICE>TH-B-BEORIRIR., 2R, DI
DB IR EZ I E D ICERRZEHADICAERETT 5,

T—<3 MRRERNERERLOE-ODEEBFT R/ NNILADORBILEAA—DUTEE

~ADEH ., EIRA~DEF

T—74 BEFRBBFE2REHREZROHERE. ZEIMFEIOEREL MEDOTEMEDA
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<MEREDEIRHIZHE >

LHRE

RKEZXEOMERREIS. ABEHAFAZABARBEREFRIZH VT Shear Wave
Elastography FIARFIZEITAIBEMF A /NILADREHRIZDONTIEWSBEEZESR
BDHR—LR—=T 2R,

T—V1 BEEOLZEMFEMIOVTORAERREZLABHAZABAREBEEREFER
BRURZICATHIERERICEWTEMICHREL-, TDHER.

F—2 Ja—#¥RASHPRAERME 2015 FECHFEAEZITUL. HHFHEETo1-.
T—3 T—YEEEORESEFHIZNE 14 BHREMIREESE(20182.7)2ZEL
1=

T—V4 HMARBIRNTHEEMERK - BEBEROFIRAA—DUTEMOERMAREES
BISANM 574D ITER 29 FEHFAREKRE (20182.16)#FE LT,

* https://www jsum.or jp/committee/uesc/pdf/ARFI_Safety.pdf
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Abstract

Purpose The experimental investigation of an optical fiber
Bragg grating (FBG) sensor for biomedical application is
described. The FBG sensor can be used to measure sound
pressure and temperature rise simultaneously in biological
tissues exposed to ultrasound. The theoretical maximum
values that can be measured with the FBG sensor are
73.0 MPa and 30 °C.

Methods In this study, measurement of sound pressure up
to 5 MPa was performed at an ultrasound frequency of
2 MHz. A maximum temperature change of 6 °C was
measured in a tissue-mimicking material.

Results Values yielded by the FBG sensor agreed with
those measured using a thermocouple and a hydrophone.
Conclusion Since this sensor is used to monitor the sound
pressure and temperature simultaneously, it can also be
used for industrial applications, such as ultrasonic cleaning
of semiconductors under controlled temperatures.

Keywords FBG - Viscous heating

Introduction

In recent years, acoustic radiation force impulse (ARFI)
has attracted attention in the field of ultrasound diagnosis
[1]. With ARFI, biological tissues are exposed to long-
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duration ultrasound bursts, causing a micro-displacement
in soft tissues from the acoustic radiation force and pro-
ducing shear elastic waves [2, 3]. This technology is used
to estimate the elasticity of tissues from the speed of the
shear waves propagating through the body to differentiate
between benign and malignant liver tumors [4]. Since
ARFI has been widely studied [5-8], it is used for such
things as in vivo observations of the viscoelastic features of
cysts and chemical and thermal damage in tissues. In
addition, in vitro observations of thrombus formation has
been studied, as well [9, 10]. Ultrasonic diagnosis equip-
ment is thought to have a high level of safety, with a little
effect on the tissue. However, since ARFI uses bursts of
large amplitude waves for durations of several hundred
microseconds or more, there is concern about temperature
increases and non-thermal effects due to cavitation in the
exposed area of the body [11]. In evaluating the safety of
ultrasonic diagnosis equipment, a number of values must
be computed. They are spatial-peak temporal-average
intensity (Ispra), which is the temporal-average value of
the spatial-peak value of the intensity of the sound beam;
mechanical index (MI), which is an index for evaluating
the effect of negative sound pressure that causes cavitation;
and thermal index (TI), which is determined from the ratio
of the total acoustic power to the acoustic power required
to raise the tissue temperature by 1 °C. These parameters
have upper limitations given by the following formulas
[12-14]:

Ispras < 720 mW/cm? (1)
MI< 1.9 (2)
TIL6. (3)

Simultaneous measurement of temperature increases, neg-
ative sound pressure, and cavitation at a focus point
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receiving the highest ultrasound intensity is very important
[15].

Usually, this has been measured using hydrophones and
thermocouples. However, when ultrasound pressure and
temperature are measured in biological tissue or tissue-
mimicking material (TMM) using a hydrophone or ther-
mocouple, it is difficult to fix them at the focus point,
because the focus point is usually in a restricted, narrow
space. In this paper, we propose a system for simultaneous
measurement of temperature changes and sound pressure
using optical fiber sensors, which cause a little disturbance
to ultrasonic fields. Using ultraviolet light transmitted
along an optical fiber, bands with a different refractive
index than the main fiber can be created at equal intervals
in the fiber, which act as a diffraction grating, so that light
of specific wavelengths is reflected. Such a grating is
referred to as a fiber Bragg grating (FBG), and is often used
in sensors, since the reflected Bragg wavelength is sensitive
to both strain and temperature [16-19]. When an FBG
sensor is exposed to ultrasound, the refractive index of the
optical fiber changes due to the effects of sound pressure
and temperature, leading to fluctuations in the Bragg
wavelength. However, since the frequencies of fluctuations
caused by sound pressure and temperature variations are
very different, they can be easily separated by filtering. If
this device was applied to ARFI, the fiber would presum-
ably experience the shear wave and the corresponding
tissue displacements. These displacements, corresponding
to strain, cause changes in the optical signal being detected.
According to the guidelines of the World Federation for
Ultrasound in Medicine and Biology, adverse thermal
effects on fetuses or embryos should be considered when
the temperature in the body is raised by 4 °C or for a period
of 5 min or longer [20]. When the negative sound pressure
is calculated for a frequency of 2.0-10 MHz and an MI of
1.9, which is commonly used during ARFI imaging of
biological tissue, it is found to be 2.7-6.0 MPa. The pur-
pose of this study is to explore the simultaneous mea-
surement of temperature changes up to 6 °C and negative
ultrasound pressure of up to 6 MPa. The measurement
range of sound pressure and temperature using an FBG
sensor 1is theoretically up to 73.0 MPa and 30 °C,
respectively.

The range of the values in this research may also be
applicable to industrial applications, such as ultrasonic
cleaning of semiconductors under controlled temperatures.

Methods
An FBG has several advantages when used as a sensor,

including resistance to electromagnetic noise. When
broadband light enters an FBG sensor, only the Bragg

@ Springer

wavelength, Ag, is reflected, and this is given by the fol-
lowing [21]:

)LB = 2”/1 (4)

where n is the refractive index in the core and A is the
grating period. The Bragg wavelength is known to change
linearly with strain produced by an external force. This
change in the Bragg wavelength is due to changing the
period of the grating as the fiber physically deforms.

When an FBG is exposed to ultrasound waves, Ag
changes due to changes in n and A resulting from the strain
produced by thermal expansion of the FBG and the sound
pressure, whereas temperature changes cause a gradual
shift in Ag, fluctuations due to sound pressure occur at
ultrasound frequencies. Since the difference between these
frequencies can be in the high MHz range, when the optical
signals are converted into electrical signals, those associ-
ated with changes in temperature and sound pressure can
be separated using high- and low-pass filters, and simul-
taneous measurement of ultrasound waves and temperature
changes is possible. Hydrophones are generally used for
ultrasound wave detection and thermocouples for mea-
surement of temperature changes caused by ultrasound
irradiation. However, it is difficult to measure sound
pressure and temperature simultaneously in an exposed
area. Moreover, when thermocouples are placed in the
body and are exposed to ultrasound, viscous heating can
occur due to differences in the acoustic impedance of the
tissue and thermocouple [22]. These issues can, perhaps, be
overcome, however, with use of the FBG sensor. The
principle of ultrasound wave and temperature detection
using an FBG is as follows. The wavelength of a narrow-
band light source is adjusted, so that it is in a linear region
of the wavelength response curve for the FBG. When the
FBG is exposed to ultrasound waves, strain is introduced
due to the sound pressure and the Bragg wavelength is
changed, leading to a change in the reflected light intensity.
Consequently, ultrasound waves can be detected as elec-
trical signals from the percentage change in the light
intensity. If the temperature is uniform, thermal compo-
nents are theoretically detected as direct current compo-
nents. Since temperature changes occur slowly, they give
rise to a low-frequency electrical signal. In contrast, the
signals due to ultrasound exposure occur at a high fre-
quency, and can be easily separated from the low-fre-
quency thermal components using high- and low-pass
filters after the output signal is split.

Experiments
A. Measurements of ultrasound waves and temperature

rise in water with FBG sensor
This section describes ultrasound and temperature
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measurements using an FBG sensor (SM(B)-1550-60-

1.0-

N-1-N-A-1.5-N-F/S, Shinkodensen Co., 1td.) with

a length of 1 mm (which is the size of the sensitive
region), diameter of 0.25 mm, and reflectivity ratio of
60 %.

Experimental setup

The ultrasound wave pressure and temperature
were measured. The experimental system is shown
in Fig. 1. In this case, a narrowband light source
(N7711A, Agilent Technologies) was used. The
input conditions were a frequency of 2 MHz and a
total of 10 cycles with a repetition cycle of 1 ms.
Signals were amplified by 50 dB with a power
amplifier (A075, Electronics & Innovation, Ltd.).
Input voltages of 8-100 V,, were applied to a
concave transducer (2.5Z251, Japan Probe Co.,
Ltd.) with a focal length of 35 mm and —6 dB
beam widths of 3.5 mm, with a diameter of
20 mm. Incident light from the light source was
passed through the FBG, then reflected light from
the FBG was split using an optical fiber coupler
(10202A-50-FC, Thorlabs Japan, Inc.), after which
it was converted to electrical signals using two
photo detectors (2053-FC-M, Japan Laser Corp.).
The signal associated with ultrasound waves was
passed through a high-pass filter, while the signal
associated with temperature was detected without
amplification after being passed through a low-
pass filter. The water temperature was changed
6 °C in 1 °C steps starting at 36 °C, and ultra-
sound waves were detected at each temperature.
The temperature was measured using an YR520-
323 resistance thermometer from Chino Corp.
Since the MI value is defined by negative sound
pressure, the absolute value of the negative sound

Circulator 2

—_—

Narrowband
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LPF

—\ Water
/

Hydrophone ¥

Thermometer
Transducer

FBG

Gain 50dB
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IOscilloscopel I Function generator | | Power amp |

Trigger

Fig. 1 Experimental system for measurement of ultrasound and
temperature change in water

pressure was measured for each input voltage
using a hydrophone (HGL-0200, ONDA) in the
ultrasound focal site; it was measured at the center
of the waveform to avoid transducer ring-up and
ring-down. Since the temperature signal had a low
frequency, 60,000 point signals were acquired
over 1 min and the mean and standard deviation
were obtained. The input wavelength of the
narrowband light source was 0.57 nm less than
the Bragg wavelength.

2. Experimental results
Figures 2a, b show the ultrasound waveforms
measured using the hydrophone and the FBG
sensor, and Fig. 3 shows plots of the FBG signal
against the sound pressure measured with the
hydrophone. Since the Bragg wavelength changes
linearly with strain produced by an external force,
the output voltage measured using FBG also
changes linearly with sound pressure. The slope
of the approximately linear line is the sound
pressure sensitivity. Sound pressure can be
obtained by dividing the output voltage of ultra-
sound waves received by the FBG sensor by the
sensitivity. From the slope of the line, the sound
pressure sensitivity was determined to be
12.1 mV/MPa. Error of mean square was
2.98 mV; this accuracy is expressed in sound
a
— 4_
g
2 2
§
i o
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-4+ T T T T T 1
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Fig. 2 Ultrasound waves when the transducer was driven by burst
waves of 10 cycles, 74 V,,,, and 2 MHz. a Hydrophone and b FBG

sensor
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Sound pressure [MPa]

Fig. 3 Relationship between sound pressure measured with a
hydrophone and output voltage passed through a high-pass filter
measured with an FBG sensor

pressure of 0.25 MPa. Figure 4 shows the depen-
dence of the FBG signal on temperature. Theoret-
ically, when temperature is constant, the output
voltage is constant, but since noise was present;
the mean value and standard deviation of the
60,000 points acquired over 1 min were obtained.
Temperature rise can be obtained by dividing the
output voltage change received by the FBG by the
sensitivity. From the slope of the line, the
temperature detection sensitivity was calculated
to be —28.6 mV/°C.

1004 2 s, and an input voltage of 80 Vpp. In addition, a

E """""""" thermocouple was fixed at the focus of ultrasound

2 1 Z1mVMPa | with the FBG. Table 1 shows the constituents of

Eé‘ 604 the TMM.

s | 2. Experimental results

g o Figure 6 shows the waveform of the ultrasound

22| pressure, and Fig. 7 shows the temperature change

g """" caused by ultrasound exposure in the TMM
00 2 4 p 3 measured with the FBG sensor and the thermo-

couples. A greater temperature rise was measured
with the thermocouples than the FBG sensor. The
authors consider that it is because viscous heating
affected the thermocouples. Viscous heating is
considered in Discussion B.

Ultrasound pressure and >4 °C temperature rise
were measured simultaneously in the TMM with
the FBG sensor. Assuming that the sensitivity of
the FBG sensor does not depend on the acoustic
impedance of the medium, the FBG sensor allows
for measurement of sound pressure in the TMM. In
general, the sound pressure measured with an FBG
sensor is not dependent on the acoustic impedance
of the medium at frequencies below 0.1 MHz.
Therefore, further studies are necessary for higher
frequencies over 0.1 MHz.

B. Measurements of ultrasound waves and temperature
rise in tissue-mimicking material (TMM) with FBG Discussion
sensor
A. Resolution of FBG sensor for measuring sound pres-
1. Experimental setup sure
The experimental system is shown in Fig. 5. Figure 8 shows the sound pressure distribution along
Everything was the same as in the prior trials the lateral direction measured using an FBG sensor
except for measuring sound pressure and temper- with a length of 1 mm and a hydrophone with a
ature rise with an FBG sensor in a TMM, with a diameter of 0.6 mm at the focal distance. The half
cycle number of 2,000,000, a repetition cycle of bandwidth is 1.39 mm for the hydrophone and
900 2
Narrowband
light source
;‘ 800
Z /TMM
g‘) 3 ! Transducer
S 700
>
H
=3
O 6004
HPF
500 4 T e e T e ) | Gain 50dB
3 37 3 Tempe:zture [°C] 0 4 “ |Oscilloscope | |Oscilloscope | | Function genei'ator | | Power amp |
Trigger

Fig. 4 Relationship between temperature rise measured with a
thermometer and output voltage passed through a low-pass filter
measured with an FBG sensor (1 mm)

Fig. 5 Experimental system for measurement of ultrasound and
temperature change in a TMM
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Table 1 Contents of the TMM

Constituent Manufacture Mass fraction (%) Mass (g)

Degassed water - 85.77 857.7

Glycerin Wako Pure Chemical 11.21 112.1
Industries, Ltd.

Agar Wako Pure Chemical 3.02 30.2

Industries, Ltd.

= 2.0+
& --9-- FBG
; "’ 5
8 -2 2
3 0 5 10 15 20 25 Y -
Time [s] e
Fig. 6 Ultrasound pressure measured with an FBG sensor, with an -0.5 0 T 5' T 110
input voltage of 80 Vpp, frequency of 2 MHz, and burst of 2,000,000 .
cycles in a TMM Time [s]

Stop the ultrasound irradiation

Fig. 9 Comparison of temperature rise caused by exposure to
ultrasound. Temperatures were measured with an FBG sensor and
—_— Thermocouples

15 FBG sensor /\ /\ thermocouples at the focal point in water
A
5

0

B. Comparison of FBG sensor and thermocouples
I Figure 9 shows a comparison of temperature change

Temperature rise [°C]

5 10 15 20 25 measured with an FBG sensor and a thermocouple set
Time [s] at the focal point in water. Since there is a little
attenuation in water [23], a rise in temperature caused
by ultrasound exposure should not occur. As such, the
temperature rises detected by the thermocouple are
assumed to be errors. When thermocouples are
' exposed to ultrasound, they can induce an error called
....................... viscous heating. This error is caused by relative motion
between the thermocouples and the surrounding
medium when exposed to ultrasound. However, there
is very little motion when using an FBG sensor as
compared to using thermocouples, because the differ-
ence between the density of the FBG sensor and water
(or biological tissue) is smaller than that of thermo-
-1.0 0.5 0.0 0.5 1.0 couples [24]. Thus, an FBG sensor is able to measure
Distance from the focus point [mm)] temperature rises without the viscous heating effect

caused by ultrasound.
Range of measurable ultrasound waves and tempera-

ture change

In this case, a broadband light source (ASE-1550-25,

Fig. 7 Temperature rise caused by exposure to ultrasound measured
with an FBG sensor and a thermocouple in a TMM

0.8+

0.6+

0.4+

Sound pressure [a.u]

024

Fig. 8 Sound pressure distribution along the lateral direction mea-
sured with an FBG sensor with a length of 1 mm and a hydrophone
with a diameter of 0.6 mm at the focal distance

1.51 mm for the FBG sensor. Since the actual beam FiberLabs Inc.) was used. Incident light from the
width was 0.79 mm because of the half bandwidth broadband light source passed through the Brag
value and diameter of the hydrophone, the resolution grating, then reflected light from the grating was
of the FBG sensor, which is the value obtained by observed using an optical spectrum analyzer
subtracting the actual beam width from the half (MS9780A, Anritsu Corp.). Figure 10 shows the
bandwidth value of the FBG, is 0.72 mm. wavelength response of the reflected light. In the
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wavelength range bounded by the dotted lines, the
response can be considered roughly linear, and this
region has a width of about 0.3 nm. Since the
measured static temperature property was 0.01 nm/
°C, and the pressure property of the FBG was 4.07 pm/
MPa, the measurement range of rises in temperature is
a maximum of 30 °C, and sound pressure can be
measured up to 73.0 MPa.

Figure 11 shows the wavelength property of conver-
sion from reflected light signals into electric signals
using PD. The conversion factor, which is the slope of
this property, is 2.82 mV/pm. The sound pressure
sensitivity of 11.5 mV/MPa can be determined by
multiplying the conversion factor and the pressure
property (4.07 pm/MPa) of the FBG. This calculation
sensitivity is almost coincident with the sound pressure
sensitivity measured in Experiment A.

Conclusion

In this study, simultaneous and separate measurements of
ultrasound waves and temperature were carried out using an
FBG sensor, which is a type of optical fiber sensor. The results
showed that when an FBG sensor is placed in water with a
temperature of 3642 °C, similar to human body temperature,

@ Springer

and exposed to ultrasound waves, separate measurements of the
high-frequency ultrasound signals due to ultrasound pressure
and low-frequency signals due to the water temperature could
be performed simultaneously. Furthermore, simultaneous
measurements of ultrasound waves and temperature in a TMM
were successfully carried out using an FBG sensor.

Acknowledgments This study is supported by the MEXT-Supported
Program for the Strategic Research Foundation at Private Universi-
ties, 2013-2018.

Compliance with ethical standards

Conflict of interest The authors declare that there is no conflict of
interest.

Ethical consideration This article does not contain any studies with
human or animal subjects performed by any of the authors.

References

1. Nightingale K, Soo M, Nightingale R, et al. Acoustic radiation
force impulse imaging: in vivo demonstration of clinical feasi-
bility. Ultrasound Med Biol. 2002;28:227-35.

2. Palmeri ML, Wang MH, Dahl JJ, et al. Quantifying hepatic shear
modulus in vivo using acoustic radiation force. Ultrasound Med
Biol. 2008;34:546-58.

3. Bercoff J, Chaffai S, Tanter M, et al. Ultrafast imaging of beam
formed shear waves induced by the acoustic radiation force in
soft tissue: application to transient elastography. In: Proceedings
of the 2002 IEEE Ultrasonics Symposium. 2002;1899-902.

4. Fatemi M, Greenleaf JF. Probing the dynamics of tissue at low
frequencies with the radiation force of ultrasound. Phys Med
Biol. 2000;45:1449-64.

5. Nightingale KR, Bentley R, Trahey G. Observations of tissue
response to acoustic radiation force: opportunities for imaging.
Ultrasound Imaging. 2002;24:129-38.

6. Sugimoto T, Ueha S, Itoh K. Tissue hardness measurement using
the radiation force of focused ultrasound. In: Proceedings of the
1990 IEEE Ultrasonics Symposium. 1990; 1377-80.

7. Nightingale K, Kornguth P, Walker W, et al. A novel ultrasonic
technique for differentiating cysts from solid lesions: preliminary
results in the breast. Ultrasound Med Biol. 1995;21:745-51.

8. Walker W, Fernandez F, Negron L. A method of imaging vis-
coelastic parameters with acoustic radiation force. Phys Med
Biol. 2000;45:1437-47.

9. Fahey B, Nightingale K, Stutz D, et al. Acoustic radiation force
impulse imaging of thermally- and chemically-induced lesions in
soft tissues: preliminary ex vivo results. Ultrasound Med Biol.
2004;30:321-8.

10. Viola F, Kramer M, Lawrence M, et al. Sonorheometry: a non-
contact method for the dynamic assessment of thrombosis. Ann
Biomed Eng. 2004;32:696-705.

11. Herman BA, Harris GR. Models and regulatory considerations
for transient temperature rise during diagnostic ultrasound pulses.
Ultrasound Med Biol. 2002;28:1217-24.

12. FDA Guidance for Industry and FDA Staff. Information for
manufacturers seeking marketing clearance of diagnostic ultra-
sound systems and transducers. Rockville: US Department of
Health and Human Services, Food and Drug Administration,
Center for Devices and Radiological Health; 2008.



J Med Ultrasonics

72

13.

14.

15.

17.

18.

19.

AIUM Clinical Standards Committee. How to interpret the
ultrasound output display standard for higher acoustic output
diagnostic ultrasound devices: version 2. J Ultrasound Med.
2004;23:723-6.

Ter Haar G. The Safe use of ultrasound in medical diagnosis.
London: Br Inst Radiol; 2000.

Dalecki D, Raeman CH, Child SG, et al. Remnants of Albunex
nucleate acoustic cavitation. Ultrasound Med Biol. 1997;23:
1405-12.

. Rao Yun-Jiag. In-fibre grating sensors. Meas Sci Technol.

1997;8:355.

Fishery NE, Surowiecy J, Webby DI, et al. In-fibre Bragg grat-
ings for ultrasonic medical applications. Meas Sci Technol.
1997;8:1050-4.

Takahashi N, Hirose A, Takashashi S. Underwater acoustic
sensor with fiber bragg grating. Opt Rev. 2006;4:691-4.

Fujisue T, Nakamura K, Ueha S. Demodulation of Acoustic
Signals in Fiber Bragg Grating Ultrasonic Sensors Using Arrayed
Waveguide Gratings. Jpn J Appl Phys. 2006;45(5B):4577-9.

20.

21.

22.

23.

24.

Barnett SB, Duck F, Ziskin M. Recommendations on the safe use
of ultrasound contrast agents. Ultrasound Med Biol. 2007;33:
173-4.

Zhou Z, Ou J. Techniques of temperature compensation for FBG
strain sensors used in long-term structural monitoring. In: Pro-
ceeding of Asian pacific fundamental problems of opto- and
microelectronics, Russia. 2004. p. 465-71.

Hynynen K, Martin CJ, Watmough DJ, et al. Errors in tempera-
ture measurement by thermocouple probes during ultrasound
induced hyperthermia. Br J Radiol. 1983;56:969-70.

Martinez R, Leija L, Vera A. Ultrasonic attenuation in pure
water: comparison between through-transmission and pulse-echo
techniques. In: Pan American health care exchanges, PAHCE
20105 2010. p. 814.

Morris H, Rivens I, Shaw A, et al. Investigation of the viscous
heating artefact arising from the use of thermocouples in a
focused ultrasound field. Phys Med Biol. 2008;53:4759-76.

@ Springer



73

3.2.2 WEAIK G %O U Y F O & BRI XD WA O 7 %

A SRR A Be i IR FERE - Bilv b
A Z K K A e 2k i R R AR ZE R AT AR AR - B b A e, R

HRERKYE - A OEAT, #EEE, silnkt, AERRE, NMEER

(1) WrEEstEoHE

HERE S 4 v v 2 (ARFI: Acoustic Radiation Force Impulse) % £ 5 it #8 3% % 13
TPl o T X 2 fFIERE, FLIRER O BB KO 720 KBS CBIcACHHEIATY 3,
PWHEEE R L CRERMZ2RECEBEO SV 2AEEHEHT 220, ~ELETO
B CHMMIESCHEERRE LA ZET e GHIATHE, K41k, chETOTY
FrHwBHYERCERAKRES T O OSSN AF LI NL 2L 2 W& L T
. L 2L, ThECHEMALTCEALRE 7 TIE BE— F TR L 72 5Pric IERE I ARFI
HTERWHICHEER D -7, SEERFAZCBE—FHBRLZ2ELSLEHAEE LB L
T CZ 2 8YWEBRM ARFI > X7 A28 AL 72, O NE D RS 2 0 RS %R N O

EDLGAICEREL, EEAlOREIC X o TARIREFHRI NS 22 HRIEL 7.

(2) HEBE

[7%#]

HAB@GHEY 4% (3kg, A R) 222G ME N ICIBEAGL L LATHE & B 2 BRE L, WK
WCHES WL IEE OB 21 O 3720 5V E VI L W% L 72,

BE—FTOLIE%ZBIE L, 4chamber view THE, %, R chA=E%2 it L, ARFIR
WA x A=, BARE, CEEBED 3 me Lz(X2)., FREIROHEE &K % & A &

SofFEchig - BB L #EEARAATIALTZV(VF VA F®)FMHEL, #IRES



74

2 7 t&IC ARFIMS 21T o 7o, MBS 13S0 208 0 1 msec, WG 30 [0, 16 5 ]

FEARH 3 mEic 1\, RIS 200msec & L7z, 3Pl L B ZiT- 72,

Df AR, REE

L

M1 7% ¥~oD ARFI 85 52 B X 2 BE— FH[{§ & A
O FHFE, EEEE 20mm (MI1.16) , @EEHlLL

@ A=, ESFEE 30mm (MI0.84) , &AL

@ JEERE, EAHEE 10mm (ML 1.1) , #EFEAAL

@ HE, LHEEE 20mm (MI1.16) , EEAH Y

® HE, HHEE 30mm (MI0.84) , EEAH Y

© AEEBE, HLHERE 10mm (ML 1.1) , EEAHY

EEHI L L OB CIEABRIZIED o7, EEFD Y OB CIIAEIREZRD - (&
1) . AEIREFZEFROLEW.D 2 v id EEEAIGHE T, BN R REIRIZAD 2 -

Too ALK OIS & LR O S TIREIE D B x 2 BIAINHE 2 HER S Lz,



75

No.| st | s | Mg | owwmam | DER
CE¥%1E)
@ R 20mm | 1.16 2L 0
@ e 30mm | 0.84 2L 0
@ | L=k (Eil) 10mm | 1.1 L 0
@ R 20mm | 1.16 | H[EIFE 5.33
® y S 30mm | 0.84 | Hi[a|E#iE 2.66
® | fEE=RE (Eiih) 10mm | 1.1 | H[EFEE 3.66

x1 WL, ERAOFEICX 2 AR FEME

BDRADEH I DLDRAORE

B 3 HEHEALIC X 2 AR O IR

[E%]
INETOEBRTMILS L EDZEETICE W THEEH O FREE T CIFiEoRE L
Ao, DLW TAERAEEEI NI EERELTE VY, L2rL, ZTRNETOD
FERTIE B-&— FCHEZRL ZBEEAIC ARFI DS EICHE I T W3 2 AEETH
ZRICHEr D o7, SEEALLZBYEREHNOH S AT LIck Y TlE, BE—F
Wi %3720 ARFIIBF 2 Ho Gt iciERICBA T2 X51Cho. T2, #

VATFLEEAICELY, MIO.8~1.1 ¢ cnFTcrv/hE v MIfECdEEAKRES Tick



76

WTDORAEMRMBFERI NS L BRHL PR o7, T HIC, BE— FHE{EZELR
5, ARFIOBEREEAZEE T 22 L0 TE S X5k oz fEUEE R DR E
fLICIRA 2 2 e ABEL o o7, HOREELR~DRY CABIRIIE 25 5 5

e o, ARFIEEP BAEROFRICL VHERICEELRITLTVWE EEZ LN,

i D I &

X 4 HIEEEZR~DOBEA A=

INETOERTIE, LEAAL»L ORI L TRIFELZZT S L S5 ZRIMN
%, T DTES 25 30msec A ¥ T% Vulnerable, % #LLART% Pre Vulnerable, T % ®
TE S LU % Post Vulnerable @ 3 #fic 43 ), Z % i ARFI o I8E % 17\, B <A
BIROFEEICEN TN LERELZ VY, L2LAa2L, MA@ Y HY ZAT LTD
KED7-0, BHTAERIROFRICENPENIPBERTEZTFHLERD S, P AT L%

AWz 5 Bl o FEEETIE RED2LS 200msec THEIEWE L TE Y, Post Vulnerable #iic



77

B2t Twa, BMREAL LN LA Iy 7omT oMl b AEARFEEICE L

TIHICEBEPED T FETH 5.

(3) HCaH
A HAfREDY OKELDH 5 72

MIL8 A EDEMAETICHE T, EHADOFRRIET CARIRAFREINDE 2 L W
HLT&, LW RT LT, BE-—VFHEBEZHEHELAALINTTLYKEHEIC
BHNRZ LIT>TCTERL)ICho7. TNETOEBRTIZ, MIfl 1.8 OiEFHAIH
MEFECRARRBFRINDE L3 Ao, KFEBETIF, MIfE 1.8 LLF T
AR B EE CABIRSFR SN, BRI HBIEER 2 ZER L 3 &y~
25, HRALIC X0 REIREI S ET 52 AW Lz, 72, ARIEICH LT
RO S THOTEMNI RO LA EZ £ —7 v PICBE 2T, 24 I v 7ick
S TABRFRICELS TV EERE L TELD, AT 2oHICX Y BEEA

LW x4 Ty i LT, BieEHll R AR RS L E R LN,

(4) BRFERRYE

A S

[1] Noriya Takakayama ,Yasunao Ishiguro, Nobuyuki Taniguchi, Kazuki Akai, , Hideki
Sasanuma, Yoshikazu Yasuda, Naotaka Nitta, Iwaki Akiyama , “The effect of ultrasound
with acoustic radiation force on rabbit lung tissue: a preliminary study”. J] Med
Ultrasonics vol43, pp.481-485, 2016

[2] Y.Ishiguro, H.Sasanuma, N.Nitta, N.Taniguchi, Y.Ogata, Y.Yasuda, [.Akiyama, “The
arrhythmogenetic effect of ultrasonic exposure with acoustic radiation force (ARF)
impulse on the rabbit heart with ultrasound contrast agent; perfluorobutane”, J Med
Ultrasonics vol.42, pp47-50, 2015

[3] Yasunao Ishiguro, Naotaka Nitta, Nobuyuki Taniguchi, Kazuki Akai, Noriya
Takakayama, Hideki Sasanuma, Yukiyo Ogata, Yoshikazu Yasuda, Iwaki Akiyama,



78

“Ultrasound exposure (mechanical index 1.8) with acoustic radiation force impulse
evokes extrasystolic waves in rabbit heart under concomitant administration of an
ultrasound contrast agent”, J] Med Ultrasonics, vol43, pp3-7,2016.

[4] N.Nitta, Y.Ishiguro, H.Sasanuma, N.Taniguchi, I.Akiyama, “Experimental System for In-
Situ Measurement of Temperature Rise in Animal Tissue under Exposure to Acoustic

Radiation Force Impulse”, J Med Ultrasonics, vol.42, pp39-46, 2015

[ P 2B FE R -

[1] (Invited) I. Akiyama, W. Takano, K. Rifu, N. Takayama, H. Sasanuma and
N. Taniguchi, “Effect on Rabbit Heart Exposure to Ultrasound with Long Pulse
Duration” International Congress on Ultrasonics (ICU), December 18 -20, Honolulu
Hawaii, USA, 2017

[2] W. Takano, M. Furuya, C. Okamoto, H. Ichikawa, I. Akiyama, “The promotion of muscle
synthesis of skeltal muscle cell exposed to ultrasound”, International Congress on
Ultrasonics (ICU), December 18 -20, Honolulu Hawaii, USA, 2017

[3] H. Sasanuma, N. Takayama, K. Rifua, W. Takano, Y. Ishiguro, N. Taniguchi, A. Kawarai
Lefor and I. Akiyama, “The Effect of Ultrasound with Acoustic Radiation Force Impulse
on the Lung: A Preliminary Study in Rabbits”, International Congress on Ultrasonics
(ICU), December 18 -20, Honolulu Hawaii, USA, 2017

[4] K. Akai, Y. Ishiguro, N. Nitta, H. Sasanuma, N. Taniguch,l. Akiyama, “On the thermal
effect in biological tissues exposed to ultrasound of longer pulse duration after
administration of contrast agents”, IEEE International Ultrasonics Symposium, 2015

[5] (Invited) Iwaki Akiyama, “Safety of Medical Ultrasound”, Asian Symposium on
Advanced Ultrasound Technology, Taipei, Taiwan, 2015

[6] (Invited) Iwaki Akiyama, “Biological effects of tissue exposed to ultrasound with
acoustic radiation force”, The 11th Congress of the Asian Federation of Societies for
Ultrasound in Medicine and Biology, 2014.

[7] Notaka Nitta, Yasunao Ishiguro, Hideki Sasanuma, Nobuyuki Taniguchi, Iwaki Akiyama,
Proceedings of IEEE International Ultrasonics Symposium, pp. 1175-1178, 2014

E NI E

[8] FIRF S, MB#Ae, milkt, % brn, AERERE, M=K, Kilbvb
X, BROMET, BRARG%ROGTERS 1A 250 2 & 5 SR X284
s OFEF, BABTEETSE I 1 EIFHES, (2018.6)



79

[9] @bk, H@EER, FINEE, @b, ARFAHE, KiLbnbE, S0OEAT,
FIhA NV ARC R ETHE -T2 H T8 ER —, B AT
i 9 1 FIFINEL, (2018.6)

iy
I
S

[10]  @iisth, f@ese, FUREE, R¥bazz, HEmbkE, a20E, kilbnb
X, BAET, BBEENA SV ARICRIETEE - X2 Az #iyE
Br, HABERESRSE 9 O RIEMES, (2017.5)

[11] (AR ) A BORE, FrEmbE, R, S%bakg, &k, s
R, WERk, “HEM, BROGET, KbnwbE, B8EHE A 02
(ARFI) % ff 5 @& & s IHE, AABTRESSE 8 9 BIZFiidks, 2016.5

[12] (RMEFRT) BT MM, A BORE, R, EEER, FRET, B bn
72, KLWb X, FEBF AL BERICE D2 ARMEKRORE LS, AARBEE
EFai 8 9 B E S, 2016.5

[13]  ARLRE, Frmbe, gkl ZEEm, KilnwbX, BROET. BEEE
A G TO U X000 T D E B A 730 2 (ARFL:Acoustic Radiation
Force Impulse) D LEMKEIFICHE 2 2K BIZOWTORE ; AABETREYS &
WER AT 7E = & B, p5S1-54, 2013.

R 7L

Z oAt :

[14] Kb E, BERBRICEIDER~OEEICONT, XA FRAT T+ —F A
2017, KRIRK%, (2017.7)

[15] HMihwbx, BERBEICK DEER~ORZE LT L WEREMEIEIZONT
REMLRKFEYV 7272017, 20174611 H 28 H

(6) =&k - 5l H
[11Y. Ishiguro, H. Sasanuma, N. Nitta, N. Taniguchi, Y. Ogata, Y. Yasuda, I

Akiyama. The arrhythmogenetic effect of ultrasonic exposure with acoustic radiation

force (ARF) impulse on the rabbit heart with ultrasound contrast agent; perfluorobutane J

Med Ultrasonics vol.42, pp47-50, 2015



80

[2] H Kadowaki, T Hayase, K Funamoto, and N Taniguchi, Study of Estimation Method for
Unsteady Inflow Velocity in Two-Dimensional Ultrasonic-Measurement-Integrated Blood

Flow Simulation. IEEE TRANSACTIONS ON BIOMEDICAL ENGINEERING 2015,

[3] N. Nitta, Y. Ishiguro, H. Sasanuma, N. Taniguchi, . Akiyama , Experimental
System for In-Situ Measurement of Temperature Rise in Animal Tissue under Exposure to
Acoustic Radiation Force Impulse. J Med Ultrasonics vol.42, pp39-46, 2015

[4] Yasunao Ishiguro, Naotaka Nitta, Nobuyuki Taniguchi, Kazuki Akai, Noriya
Takakayama, Hideki Sasanuma, Yukiyo Ogata, Yoshikazu Yasuda, Iwaki Akiyama ,
Ultrasound exposure (mechanical index 1. 8) with acoustic radiation force impulse
evokes extrasystolic waves in rabbit heart under concomitant administration of an
ultrasound contrast agent. J] Med Ultrasonics vol43, pp3-7,2016

[5] T Kameda, F Kawai, N Taniguchi, Evaluation of whether the ultrasonographic onion
skin sign is specific for the diagnosis of an appendiceal mucocele. J Med Ultrasonics
vol41l, pp439-443, 2014

[6] HEEHEAC, VoMM 22, WERANTE, /NROR, K EZER AT A EIC &0 2 TR IEE
J& @ Profile FHE ; JHIE vol 28, 5 75, pp741-746, 2014

[7] A RLRIE, B H b, R, KMEM, Kilnwb &, fOET BERERA K
G TFTOUYXLRICE T 25258 714 > 73V XA (ARFI:Acoustic Radiation Force
Impulse) D LEBEXEHICH 2 DEBICHONWTORE. BEIRES, voldl pps64-65,
2014

[8] N Taniguchi, N. Hayashida, et al . Ultrasonographic thyroid nodular findings in Japanese
children. J Med Ultrasonics, vol40, pp 219-24, 2013

[9] Kasper Jarlhelt Andersen, Anders Riegels Knudsen, Anne-Sofie Kannerup, Hideki
Sasanuma, Jens Randel Nyengaard, Stephen Hamilton-Dutoit, Morten Ladekarl, Frank
Viborg Mortensen. Sorafenib inhibits liver regeneration in rats. HPB voll5, pp944-950,
2013

[10] A RGRE, FHHEMME, #EE, ZEEM, KLvwbE, HOET. BFEKE

ARG TOT Y FOLEICE T 55BN T4 730 2 (ARFL:Acoustic Radiation
Force Impulse) D L E XI5 2 2 BIZHOWTOMKE ; AABERES &
WEEL I AF 28 = & kF, p51-54, 2013.

[11] Yoshito Nihei, Hideki Sasanuma, Yoshikazu Yasuda. Experimental evaluation of

portal venous pulsatile flow synchronized with heartbeat intervals: effects of vascular

clamping on portal hemodynamics, ] Med Ultrasonics, Vol 40, pp 9-18, 2013



81

[12] Shimodaira K, Miyakura Y, Sadatomo A, Miyazaki C, Sasanuma H, Koinuma K,
Horie H, Hozumi Y, Lefor AT, Yasuda Y. Penetration of a divided cystoperitoneal
shunt catheter into the transverse colon inducing acute mastitis. Journal of surgical

case reports vol5, 2013

[13] Andersen KJ, Knudsen AR, Kannerup AS, Sasanuma H, Nyengaard JR,
Hamilton-Dutoit S, Erlandsen EJ, Ja. The natural history of liver regeneration in

rats: description of an animal model for liver regeneration studies.

[14] Hayashida N, Imaizumi M, Shimura H, Okubo N, Asari Y, Nigawara T,
Midorikawa S, Kotani K, Nakaji S, Otsuru A, Akamizu T, Kitaoka M, Suzuki S,
Taniguchi N, Yamashita S, Takamura N Thyroid ultrasound findings in children
from three Japanese prefectures: aomori, yamanashi and nagasaki. Investigation
Committee for the Proportion of Thyroid Ultrasound Findings. PLoS One.
vol8(12)2013.

[15] Koibuchi H, Tsuda K, Taniguchi N, et al. The effectiveness of “Protex” for
disinfection of the ultrasound probe. ] Med Ultrasonics vol40, pp175-176, 2013.

[16] Koibuchi H, Kotani K, Taniguchi N. Ultrasound probes as a possible vector of
bacterial transmission. Med Ultrason voll5, pp41-44, 2013.

[17]  Nobuyuki Taniguchi, Naomi Hayashida, Hiroki Shimura, et al.
Ultrasonographic thyroid nodular findings in Japanese children. Journal of

Medical Ultrasonics vol40(3), pp219-224,2013

(7) ZEEH

nL



2018/5/14

82

International Congress on Ultrasonics,
18-20 December, 2017, Honolulu,HI, USA

Effect on Rabbit Heart
Exposure to Ultrasound with
Long Pulse Duration

I.Akiyama and W.Takano,
Doshisha University, Kyoto, Japan
K.Rifu, N.Takayama, H.Sasanuma and N.Taniguchi
Jichi Medical School, Tochigi, Japan

This study is supported by MEXT Supported Program for the Strategic Research Foundation
at Private Universities, 2013-2017 and JSPS KAKENHI grant number 16H03198.

Heart Exposed to Ultrasonic Pulse after
Administration of Contrast Agents

Authors Journal Animal | Year Arrythmia | Freq. Sound
[MHZz] Pressure

van der JASE Human 2000 1.66 MI1.5 AIP101
Wouw et (HDI3000)

al.

T. Ay etal. Circulation Rabbit 2001 PVC 1.8 MI1.6 NA PESDA**
J. Zachary JUM Rat 2002 PVC 3.1 -15.9 MPa 1.3 Optison
etal.

PLietal. UMB Rat 2002 PVvC 1.7 +3 MPa 0.01 Optison

*PVC (premature ventricular contraction)
**PESDA(perfluorocarbon-enhanced sonicated dextrose albumin)
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Premature contraction

heart contraction early from the original cycle.
» Premature atrial contraction
Sinoatrial node:

The heart's natural > Premature ventricular contraction
pacemaker is S-N,

yvhere clectrical N Premature atrial contraction
impulses are AN .
\ Left atrium
generated. \ =
Right atrium\ E-
Atrioventricular §
node: The electrical Left ventricle @
signals from atrium 8 B %e
must pass through N
AV-N to reach the §§F
ventricle. 9:3"
Right ventricle £

Heart Exposed to Ultrasonic Pulse with
Contrast Agents

Authors Animal | Year |Arrythmia | Freq. |Sound Pulse D.
MHz] Pressure | [ms]

D.Dalecki  JASA Mice 2005 PC +3 MPa 0.01 Optison
et a.
T.Tran et UMB Rat 2007 PVC 1 -300 kPa 60s Sonovue
al.
T.Tran et UMB Rat 2009 PVC 1 -300kPa  60s Sonovue
al.
Y.Ishiguro  J.Med. Rabbit 2015 Extra- 2.5 MI14.0 10 Sonazoid
et al. Ultrason. systolic

waves
Y.Ishiguro  J.Med. Rabbit 2016 Extra- 2.5 MI1.8 0.3 Sonazoid
et al. Ultrason. systolic

waves
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Purpose

*To discuss arrhysmogenic effect of
heart exposed to ultrasound with long
pulse duration after intravenous injection
of contrast agents by animal
experiments.

Materials & Methods

Japanese white rabbit

Under general anesthesia
tracheotomy and

tracheal intubation was
carried out.

B-mode image
by 7.5MHz in
= : frequency before
o Diaphragm | e the exposure.
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Experimental setup

Focused
transducer
(2.5MHz)

Exposure to ultrasound

Focused transducer

Diameter of transducer: 12.5 mm
Radius of curvature: 25mm
Resonance frequency: 2.5 MHz
(Japan Probe, 2.57212.51 SR25)

Spatial peak of sound pressure is located at
20mm apart from the transducer.

L=

ocused Transducer
- -
-

2y

xposure
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Experimental conditions of exposure to ultrasound

* Heart:
» Transhepatic exposure at 120-160ms after the R wave

= .‘ !_I:‘-anplh
JUAND)

Sinoatrial
f"‘\ |
vulnerable L

period

Experimental conditions of exposure to ultrasound

* Heart:

* Atotal of fifty exposures were synchronized with the heart beats at one
pulse per 6 heart beats.

* The exposure timing is classified by the difference from the peak of the T-
wave (POT);

* More than 30ms before POT—Pre-vulnerable
* 0-30ms before POT—Vulnerable

R
* After POT— R
+ Ultrasonic conditions: : i|
@®MI = 1.8, 4.0, PD = 10ms N o N
@Ml =1.8, PD = 0.3ms % 3pms
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Materials & Methods

* Heart:
* Arterial pressure were monitored using right femoral artery
catheter.

» Three condition of UCA administration
* None
 Single injection: 0.8uL microbubbles,
» Exposure: 10min after
* Drip infusion: 2.6uL/hr microbubbles,
» Exposure: 3min after

Results: Heart

An extra systolic wave (arrowhead) on ECG was evoked by

ultrasound with UCA. MI=4.0, PD=10ms
v

f | Extrasystolic wave

Ultrasound
200 exposure
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Results; Heart

The exposure to ultrasound (black arrow) was followed by an extra
wave (arrowhead) and a rise in arterial pressure (asterisk).

- Ultrasound ¥ Extrasystolic wave MI=4.0, PD=10ms
300 exposure

Arterial pressure
(mmHag)

50 ms

Results; Heart

The frequency of extra wave and arterial pressure change
MI=4.0, PD=10ms

_ Extra wave Arterial pressure change

+

Single injection 8 42 2

*

Drip infusion 35 15 5

* A statistically significant increase in the frequency of extra waves was
observed with the drip infusion compared with the single injection (P<0.05).
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Results: Heart

The frequency of the extrasystolic waves with the different

infusional method of UCA MI=1.8. PD=0.3ms
Infusion Extra wave
+ —_
No 0 149
Single 0 147
Drip 36 109

The unit is the number of times that the extrasystolic wave is evoked
or not evoked. Each infusional condition had 150 exposures of ARFI
and ineffective exposures by incorrect sensing were excluded

P < 0.05 with Fisher’s exact test

No extra waves were found without UCA or with single injection of UCA

Results: Heart

An extrasystolic wave is observed and the RR interval
doubled because the regular QRS complex is delayed.

MI=1.8, PD=0.3ms

0.8 Extrasystolic wave
06 v
Z 0.4 4 \ i t l
5 0.2 [l - = S — '
S 0.0 -
0.2 [
| |
ultrasgnic exposure
S 200
E 100
g 0
$-100 Mechahical-sensing signal
200 ! ! ! ! !

= 100 ms

Extrasystolic waves were observed only after drip infusion of UCA.




2018/5/14

90

Results -Heart

A wide QRS complex and a narrow complex are observed on

the same trace. MI=1.8, PD=0.3ms

Y A Extrasystoticwave oo
0.6 e LT g T EXtrasystalic wave
z 04 i ) ﬁ i | TR S
= 02 I i 1A 1 ! | i I
Q 02 e il e o e oy Ap—
m -0.0 f ] A
-0.2 =
ultrasonic expasure ultrasonic exposure
< 200
£ 100
g 0 o
& 100 Mechanical sensing signal Mechanical sensing signal
-200

250 ms

Results -Heart

The relationship between the exposure period and the number of the
evoked extrasystolic waves with continuous infusion of UCA

MI=1.8, PD=0.3ms

Timing Extra wave

+ _
Pre-vulnerable 11 48
Vulnerable 23 53
Post-vulnerable 2 8

The unit is the number of times that the extrasystolic wave was
evoked or not evoked

Not significant with Fisher’s exact test

There were no differences in the extra wave frequency according to the exposure period.




2018/5/14

91

Short summary 1
Ml = 4.0, PD = 10ms

+ Extrasystolic waves were observed both single injection and
drip infusion of UCA.

* Drip infusion has more frequent extrasystolic waves than
single injection.

« Sixteen percent of the extra waves were followed by arterial
pressure variation.

MI = 1.8, PD = 10ms

* No extra waves were found after exposure to ultrasound with
a MI1.8 even with concurrent administration of UCA.

v’ Life-threatening arrhythmia was not observed.

Short summary 2
Ml = 1.8, PD = 0.3ms

* Extrasystolic waves were observed only after
continuous administration of UCA.

* During the drip (bolus) infusion of UCA, there
were no extra waves.

* No differences were found in the extra wave
frequency due to the exposure period.

10
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Discussion -Heart

Speculation on the mechanism

The destruction of microbubbles
caused by ultrasound with long
pulse duration and a higher
Bundie  pressure amplitude may stimulate
ofHis  cardiac myocytes and the impulse
conduction system of the heart.

Purkinje fibers are found just beneath the
endocardium in all mammals.

[ | '|I| Ultrasound
Atrioventricular %‘4 J 'I;
node | 4, \ -»-_. 'lf I:I':I- O { (((((
\“;}\. = I:I| +ﬁ§VIta_jJ€)n
= Transducer
Purkinje fibers right bundie Left bundie
branch branch

System requirements for new experiments

* It is required to determine and confirm the exposure
spot in the heart on B-mode images.
* It switches the pulse transmission from the B-mode imaging module to
the exposure module.
* The heart is exposed to ultrasound with long pulse
duration at vulnerable period.

» Exposure period is controlled by the delayed time from R wave triggers
detected by ECG.

11
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Experimental system for heart exposure

Personal Computer
B-mode imaging module usB Control of exposure
and - system
Long pulse duration il
ultrasound exposure module Detection of R wave
ECG module

Linear Array Probe

Long pulse duration ultrasound exposure
system combined with B- mode system

Electric Power Source

o2

Beam former
for long
pulse
duration

192 chPSEL ultrasound

HV-MUX i
H o]
61gh TXRX

64ch
B-mode N
imaging 192 ch TXRX
system ]
RSYS-0004 DL Connector 260pin Probe connection module

12
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Specifications

B-mode Long Pulse Ultrasonic
Imaging Exposure Probe
Module Module
Number of 64 64 Number of 192
Channels elements
Pulse Duration  1-10 pus Tus — 10 ms Frequency range 4-15 MHz
Pulse Repetition 0.1 -1 ms Triggered by type Linear array
Time ECG
Driving Voltage 10 - 30 Vpp 10 - 100 Vpp
Focal distance - 10 - 40 mm
MI <1.9 0.8-1.2

Sound pressure "
distributions of the pulsed -=
ultrasound at 5.2 MHz and
low MI.

Beam width in range and
lateral direction is 5-7mm
and 0.5 mm, respectively.

1
o

F L]

o7

a8

05

£ a4
) 03
0z

o1

8 =4 4 = =i 0 1 2 15

5 4 3 2 -0 1 2 3 4 3

Hyd rOphone Distaiios of sound axis [mm] Distance of sound axis [mm]
(a) Focal distance is 10 mm (b) Focal distance is 20 mm
(Vianufacturer | ONDA co. [ | |
Type HNR-0500 b i
diameter 0.5 mm e E
Frequency 0.25-10 M £ 25
Range MHz L : b
Piezo Element PZT 0 % o3
Acceptance 30 degrees :’ :z
Angle '

Distance of sound axis [mm] Distance of sound axis [mm]

(c) Focal distance is 30 mm (d) Focal distance is 40 mm

13
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Experimental setup _ B-mode image of the heart

Sinoatrial « g
node *

Atrioventricula

-

t ventricle

Vulnerable

Experimental conditions Theses oo "ot the ventrices
Frequency - 5.2 MHz Gaery iR RRinterval R
Sound pressure : 0.8~1.2 MPa 3 g
Pulse duration :1ms §
Number of times of exposure g

: 30 7
UCA : Sonazoid®, 0.1 ml

bolus administration (drip infusion)

27

PVC was evoked by the exposure after administration of UCA

Sinoatrial node Left ventricle

*{ N (depth : 20 mm, MI : 1.17) . i (depth : 10 mm, Ml : 1.15)
l“‘ 25 l‘ .
10

20
10 3
V . - -
o ) ) 1 I |

0
before after before after before af.te[a bgfqr . after
Sonazoid® administration Sonazoid® administration

I
S

W
=}

15

o

Premature contraction incidence [%]

Premature contraction incidence [%]
.
«

Atrioventricular node

« i (depth : 30 mm, MI : 0.84) > After Sonazoid® administration,
l*‘ | E PVC was evoked by the
; g% exposure.
£ 20
25 » The incidence was higher in
j% 10 the right heart system than in
g5 ' the left heart system.
&0 before ‘ aft ‘ before | after 28
Sonazoid® administration

14
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PVC was evoked by the exposure at vulnerable period

=4

kG -
g 20
.
3

5
3
i

Sinoatrial node

(depth : 20 mm, Ml : 1.17)

g 20
8
ul 3

=
2
g 10
s

5
8
o 5
£

5

& 0 L

100 ms 200 ms
Delay

Atrioventricular node

(depth : 30 mm, Ml : 0.84)

Left ventricle

(depth : 10 mm, Ml : 1.15)

100 ms

Delay

Absolute

200 ms
y

refractory period
R Vulnerable
period
200 of the ventricles
ms
o T
777 .
Qe 5100

ms

Conclusion

As aresult of the rabbit experiments,

PVC was evoked by exposure to

ultrasound with 1ms of PD and
= approximately 1 of Ml at vulnerable

period, after administration of contrast

agents of Sonazoid.

15
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3.2.3 BEHEBFICL DAL IR ~DEEIZHONT

Al S AR R AR E R RS - AR, MIHEd . Bl b &

[FlSAE R R A ER 2O ZER - LAl AR, PO

TER¥ T T4 TELEE X — - HFHEFA

(1) A5 O FEFHE DM 2
BERFYET—va VOERER, FFICBELHNERLZERTF, ¥ "\7H, @V

NTHRFET 2 2 &2 BRI, AXIMEHE L LeFd M7 e ba— VO E21T 5. FiE
FEETIS, AFIMERFRICEA kHz H O KA BB TR O EL BT L~V THRITL
(-8l EARFHBGATIC T MM R T — 2 2 WG T 5700 % 87 BiRHT O FZBRTF1E
D 41T > T & /2. Blue Native/SDS Rt EXKE 2 W Tl EF RS O 842 217
L8 N7 E&FE L, Western blotting VA1 XV RREES 2. F72, EENOMREH L~
NTORBEEZRHNTDH2FEL LT, ke T VES T RTWITBDE O REZ ST
TOZENTEDA ATV THENITWE A X DIZHEN L, £OHMIEIZ SN THG T
%

(2) HF7E R

4TI, 1) Blue Native/SDS “ Wt X kEI 2 W CEBEKBHNOLELZ T D
KRy B ERE L, Western blotting ¥5I2 XV HRFET 5 2 &, 2) @H I BEH O H
LRV TORBEERMNTDLDTFIEELTAA—V Y TEHEESHICHER L, A ¥ Dz x5
KRN o7 e ha— v x2ELT 52 LR EEE L.

AT 122 Tlt, Blue Native/SDS kL ERUKEIZ L Y [AE S 472 AHCY B-like &
WO KRB R RSRIZ, Western Blotting {4 M L7z, X 1 I2EEFH B (FERE
150 kPa) LIEMHEOL GO ZRT. BEERBRNO I A4 EORKHITRT AR
W, ERHNOREEOMEICHREB IV LD, BEHRBHICK > TAHCY O N
ZEAL LI Z N THER S 7. AHCY B-like 1Z[X 2 lZ/R T A F A= R#toFi %
HOWBETHIHID, SHEOMEILAHCY OHMIZE I A F A= @~ B (¥ 1
7B, DNA @ X F b)) NR@ashzfiRe LTHMTE L. $, MEDLE(IZ
LDOMBE~DEBIET T 74y a2 lCXDETHEBIEVW T RBBENATEY, 2
DREDESBEOBRFTRED —D LD,

BEIWZOWTIE, A¥H () EROMMEARAZHGRICY M) v 7 AZELV—F—i
BEA A biEE AT, MENOLEERS FOREO AL ZR AT, XM 8 1L ZfEo ayt
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(C24 trihydroxy bile acid & C27 trihydroxy bile acid) O/ fiBig o —fFlTh 5. [FX
CRT LD AF D ERIZBT DMEDOSAMIZHEFITEHUL TR Y, FB-SCHLE L,
FEOMEIZ DAL TNDZENHERTED. ZOLIITHEDERS T OIREN O %
BRWETHLZ D, BEERRFONHFLSAVORBREZERT L5 FiEL LTHfFTE
% .

K1 FERE (> bo—n) EEBEHRBS O (Western Blotting %)

BEEST
Methionine ]
MS BHMT | AFILAE |
AHCY NV
AFILZRIK:
/\ DNA, RNA, Protein, %
Homocysteine Adenosine

2 AFF = AUH
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556.33 51429

100 100

700 m 7004 m

66 66

33 59

oi o'

(a) C24 bile acid (b) C27 bile acid
X3 AXDEFEICBTSHEHERO RO

(3) B (400 FLLAN 398)

A @ ORRDH -7

W 7rmycs @<, ROV A 7 ANEL, ZEEVWIRFREATDIAX %
et R e L TREL, fBEELTERBFBILOXY AN ORI 72 b a2 — VOMSN % &
Fo. BEROBELBHEELZMBENMITT 2700 DNA~YA 707 LA 2FEL, #E
TS T MM T — 2 2 2 N7 EB LR LRV THRT 222 HIFL
oo SAREEX, XNV EMATIEO KL L OMEEMEO MR 21T - 7= LT, AHCY B-
like L WO 3 FICHT2BERBHOEELZHA L. RPL XAV TOEELRFTT HF
BELTARA—V U VEESWEZHEMBME L TEEL, AX D E2XRICLEFEMT 2 b
A= VO, BELO—FlE LTHEIFBROMBEN MO ik z E L. 8Bis1, #v
RV THMM SRS T E2REL, A A=Y 7HEENFICE W CTEE S T OMBEN Y
faEAHLT 22 & TRPLARXALVTOEHEZFM T EnHMFIND.

(4) pRFERRE
. WT:& u&%?—‘%
[1] E. Matsumoto, K. Kawanabe, K. Yoshida, I. Akiyama, M. Hirose, M. Ikegawa, Y.
Watanabe, “Proteomic analysis of developmental effect on medaka embryo exposed by

ultrasound”, International Congress on Ultrasonics, Honolulu, Hwaii, USA December 18-

20, 2017.

] P 58 &
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[2] Oz w)llRESk, AAREZER, SHER, KiLnbE, BElEos, L
FE, BERREHICL DA X DEO T 0T F— L, BABEREZSE 9 1 [
T4, 2018.6

[3] B P b, AAARREZEIR, HRER, wlFES, kilvwib &, flfE 2, BiE P H,
WIFE, “HEEREBHT AT AL LTOALTOE I 7 ZFN” , 4 23 (A
Hindgut Club Japan ¥ > K 2 %7 & 2017.

[4] AR E L, FAE, Wb x, Bl E D AH, )R, Einlgs, “BEi
HEINEAZTAERO T 0T F— LJH" , FR29FEF 20T a—2AT 4 v 7 A
A=Y TGRS, 2017

[5] A, BROREE, MmMARESEI, HHEES, BLRL, EEESHR, Kilnd
x, EEE, “TEXYET—Va I AL IR~ ORE, 7 ARG EY
D BB RS SUE, 1-Q-28, pp. 55, 2016

[6] WIHfEA, FHER, & HEF, BLRIL, HRER, EgzE, © (KEARESE
WCEVBIEREZINTEAX TR IT D2INEEROIGHE & Hif,” 5 52 B HARAEY
MBS, p.S103, 2014

[7] - HEHS, (LEEEA, FHER, B, HAKIEE, B E, “BEERE R A

MICE 2D BOBE, 7 2014 F£5 61 B AMHE P SEF LIRS, 18p-
F5-14, 2014

(5) Z&3CHk - 51 H
[1] EHEHE, LHEEEAN, SHER, BRILEIL, HARER, s, "By RS A

Z5- 2 2 BOMRE, 7 2014 5 61 BUS AWMLY R EF LN Z, 18p-Fs-
14, 2014,
(2] EEA, EHEER, & , B ZRGL, TEAKIE 28, EiOArE, R E K
WXVl SNIEAFIIRIZE T 2N EROIGHE & Hif,” 5 52 B H ALY
MEF AL, p.S103, 2014,
[3] I HEEAN, BromiE, MmAERN, HHES, BLRL EEXOH, Kilnvbd
T, ELHGE, “FEXIYET—val A IR~ DOEE, T BATEFS -
BN ITIE & 2l SCEE, 1-Q-28, pp. 55, 2016.
[4] SHRIE, MM, BEE, ®IE%H, sl “Thibbhrd~vAANT
Fe A MY — (1) , 7 LFEFE A, pp.96-110, 2011.
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[5] Benjamine J.Cooper, et al, “Suppression and Overexpression of Adenosyl homocysteine
Hydrolase-like Protein 1 (AHCYL1) Influences Zebrafish Embryo Development”, THE
JOURNAL OF BIOLOGICAL CHEMISTRY, vol. 281, no. 32, pp.22471-22484, 2006.
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3.2.4 HE MK B L OEBAEEIC LD 7 5% X DNA O ~EHYIMT -
— TR L D E &R

[A] A5 AL R S R e A A R B AR SRR - HIE—, RIRF 54

SR EERER A Y 2 — - I+, BTl

[l R ER AR R R R - 5 &

() 783 A R 2 i 5 B 52 BF 8 B 1 AT AR AR - 2 TR

(1) SFEEOHIAHEOHRE

INETORMIE T NV —T OFTEENS, BEERBFIZCLD7 7 5% 4 X DNA O
TORBHEIWIE, Fr T — T g VHBREOERERIC K DEBEIMIC Lo TAELD Z N
AomERoln LY, BIEETOLEZ A, Fy BT —va vOERELE EEMICH
TOZENNETH D7D, FEMBRUIB AT =X LICHONTIHE, FHARELZ V. 20
Tow, AAEEEL, MBORIIIC & 2 DNA TR 2 7 = X AR O, BE TG
L Vortex I ¥V —%2 AW EBREZEmL, BHFEES Y ET — T 3 I KD HBHERIK
EXIXF VUL DRI & At S, BRI X 5 DNA ZHEUIM A =X
AL CHELEED =, KBTI, 7/ 594 X DNA O ~EHYI %2 & &I
i 57, REFFR TNV —7 T Lo B BB % H 72 DNA — 4 13l o ) ik
A H L.

(2) HrEmE
B 1 ICEBRICHEH L BT REEK L Vortex S ¥y —EAME =Y. £7-, KAER
TlX, T4 GT7 DNA (166 kbp) & A DNA (48 kbp)Z i L 7=.

(a) Placed in the center of the aquarium (b)
Stand
~4| _130mm__, , Micro tube
(=

=
=

(=

ultrasonic bath Vortex mixer

1. (a) B M (b) Vortex I FH# —.
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2 I AT PRI HEIC X 5 DNA — WSO EIRAE B A R, BN L
WAL, 43 kHz Th 5. BEREEBEAEDET, “HHOBOBEENELEL, 0
%, BWEEREF LTS,

{m)

0.20 T

Number of DSBs per 10kbp /

0.05 o ronaireoms| 1
0.0 - .
0 5 10
Time /s

2. HEEREEHKIC LS DNA S UM o BRI AFE. BER)E KK - 43 kHz.
(g, BP9 O OBFIERER. RO T) .

A2, Vortex X FH— 0 I F o FHMAIHIC L5 DNA ZHBEGIB O 1 %2 X 31258
F.ORPHIRE R D, BRRIRGE & 2T, I X2  OBEMUIIIZIC X > T DNA A T ES{ Y)W
2, DNAERMNELS RoTWDLZ EBghd.
0s 10 s 100 s

10pm
3. Vortex ®I %3712k 2 DNA —EHEYIW R ICTEMEEIZ LD —45F 314

(g, BF O ONFFERER. WA .

(a) T 1 II/I (b)

© T4DNA(I300pen)
8 DNA30Dvpen)

T4DNA(OOpm) %

Time/s Time/s

T T
| ® T4-DNA(1XOpmy | _|
0.15 ® )-DNAQ Xsen)
T4.DNA(SO0yper)

0.10

Number of DSBs per 10kbp / (1)
Number of DSBs per 10kbp / (1)
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X 4. (a) Vortex X ¥ > > 72 k% DNA & UM o REFEEFHE. (b) Bi#H 10 B FE To
REfEAFEME. 220, rpm X 1 oM HE 720 oREEHKEZRT. (i, O O E.
i SCE R )

X 4 (a)lZ, Vortex SFH—DIF 7k % T4 DNA LA DNA @ “EHEHGIKIZ OV
ToOmEEEEEFEZ R L, BB S 10 B E ToO DNA ~HHEYB Ok 7% X 4 (b)
R d . ERERNS, BEEEBBE CE LV DNA “EHHEYK A AL, Tk, KRR
eI, eI TEHEHEAGE AL T 2 ERaND.

B 51c, BlEE#HE —FEIC L CTHRBAIMEZ 5256 S hx ICRESEY LIPS a0, =
HMEIW R Z W LR e Rmd. RRFERLL, 20 M0 I F 2712 X 5 IR
T 5 L, mAICRERE BT E, BEMITICHFEMLET D5 DNA D, st
BEITEL720, 500 REUMAZRB CELZ08WLNERo (M6SW) . 20z
ED, IX TR LD ZESEEW S, EWEARICER T ARG NIC X o
ThlgEZShs tfmftodons.

AFRICEL-T, BEKRXYET =Y a OBBIKICE 208 A =X2010F, Ix
VI OWBAIMIZ LI Db DT R LA AL, THHEDKICE L TREEEZ b O E K
OlWr 23, fihd> DNABEHRICZ2WRHEAE D2 & 2B L.

SHUUY Hik (EEM—E)

SXOUTHE(BRAICEEREEM) .
/ REREAKEVEE (BAMEHIX]

g A T T ,l’ N
300 / £ ™ DNA
>0 ' ' ' : RERE /NS
2 B — romstat ' ' SEIE (2 A M
~ 015} . . ~
2 € — gradual acceleration o N
B 010f //i/”” 50 %FRREIE R
Lapr s
A S — & § ]
£ i <8
Z 0.008 = _— — A '

0 20 40 60 80

— Time/s <>

20RIS RV 200SFIUY

5.Vortex DI x> 72k % DNA & 6. Vortex 3 % 4 — 12 k& 2 b il 1%
SO (HEFE £2 60 B 720 F T 1300 DB B A D = XA (REA

rpm IZ L725GE) . (FH, BRSO O Fs g B 7))
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(3) HO/HME : A+ B EORRENH - 72

IHETOMERENS, BEWREAIC X5 DNA —HEH YK Y o BB S FE L,
o= EIEMERE 2 & oo DNABERICITZRWREEREZ LI L2 6L
TEENLY, AFRICE ST, IF VU 7ICLDBBAIMICERNT 288 E b RRD
ZENREN, BEERHICE S DNA “HEDB OREAMN IR, I b, K
HIRICE T, IFT U TOBBANKICE > TH, DNA B _EHHUK 221525 2 &N
Aonhey, BiREELFHETL L, —HHEUHZ KB T 22N TEDZ L%
R L., Zosesfis, ZAETEASh T RPN, 7/ 5% A X DNA %
BOFOBOEERMATH D .

RHFFECTHF DI FZERR L, BT T L5 DNA “HSUIM A 7 = X A & B eI 4
BT HLDOT, SBOES - ERSHICE T 2BEREBEREL L OL2EEERIC
MO CHERMRLERDI LD THD.

(4) pREFEFE
i LR
[1] R. Kubota, Y. Yamashita, T. Kenmotsu, Y. Yoshikawa, K. Yoshida, Y. Watanabe, T.
Imanaka, K. Yoshikawa, "Double-Strand Breaks in Genome-Sized DNA Caused by
Ultrasound", ChemPhysChem, 18, pp.959-964, 2017.

[2] M. Noda, Y. Ma, Y. Yoshikawa, T.i Imanaka, T. Mori, M. Furuta, T. Tsuruyama, K.
Yoshikawa, "A single-molecule assessment of the protective effect of DMSO against
DNA double-strand breaks induced by photo-and g-ray-irradiation, and freezing",
Scientific Reports, 7, 8557, ppl-8, 2017.

[3] T. Mori, Y. Yoshikawa, K. Yoshikawa, "M #2235 £ & Z 9577 7 & DNA AR EH U1
O A AL & E B b DNA BEfE & B SR E", BN #R A= AF %8 (Radiation Biology
Research Communications), 52, pp.239-253, 2017.

- ##E (Plenary Lecture)
[4] *Kenichi Yoshikawa, How to Bridge the Gap between Life and Matter,

Italy meets Asia: Scientific Venue in Kyoto 2017 (Nov. 11, 2017), Kyoto, Japan.

[5] *Kenichi Yoshikawa, Playing with Crowding: Creation of Cell-Mimicking Structure &
Function, First International Symposium on Chemistry for Multimolecular Crowding

Biosystems (CMCB2017) (Dec. 12-13, 2017), Kobe, Japan.

(Invited Lecture)
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[6] *Kenichi Yoshikawa, Emergence of Cell-Like Structure & Function under Crowding
Condition, International Conference: The Origin of Life (May 29-30, 2017), Tokyo,

Japan.

(5) R
[7]1 K. Yoshida, N. Ogawa, Y. Kagawa, H. Tabata, Y. Watanabe, T. Kenmotsu, Y.

Yoshikawa, K. Yoshikawa,“Effect of low-frequency ultrasound on double-strand breaks

in giant DNA molecules, Applied Physics Letters, 103, 063705/pp. 1-3, (2013).
[8] Y. Ma, N. Ogawa, Y. Yoshikawa, T. Mori, T. Imanaka, Y. Watanabe, K. Yoshikawa,

“Protective effect of ascorbic acid against double-strand breaks in giant DNA: Marked
differences among the damage induced by photo-irradiation, gamma-rays and

ultrasound”, Chemical Physics Letters, 638, pp. 205-209, 2015.

(6) =&k
KD THRMEFIEFEAR T VAR U L) CHEALEHEEATA NEIRMAT 5.
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o
‘74;‘,‘

RIS B L USRI (= & 557 /A4 L RDNA
D EBHYIM: —H FREICLSESMEH

BEREHOERLIEE DNARBO 251t IS TELIE Sy

@ Thermal Index (R E L F)
BEE-LIMAERDEEE ——— p—
FFFET HEE P e ( \ .

. ) f ,.
¥ Mechanical Index(¥vEFT—232)| > \ g:h
ERECLAEBNEROREE = 4

50T 51548 ) SO
ONA— BIEGINE L], %‘T" :‘;i §§
-t eiEE

VIR E R X SONAZ SR = i bl LS e
jh:thﬂﬁﬁ E. Clara at al.,aa.i.‘ Hae s 15 B3,

YHEHEAEREMERMATIESE
TEEEEEMEILE-F-CEREMEOR SEE—ERSRE0

Ejﬁ*fki SHEMEH FF FAL.EN B——F
20185%3A48 (A) §: AFHAFS T

7/ LY A4 XDNA 1

— —

1 um(BFOE R W kbp)) LT OELET A E
Sh1-DNANFAL,

v fL\DNAZHERE It T D LAEE.

v DNAZE U HRICECIERED
\BENEL,

B F {E&hi-oNA

ErOH#IRRNA
"DNAGHFI1 A ~ Bt F

(#+{BiE x>t #Gbp) i
c46A 2 A—LFREE ¥, Fashikawa, K. Yarhikawa, ef al,, JCP(201 1), 1 pm

Dashisha Univarsity
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PEEDDNAZ E SH U bR ST &
| =P ey SR & 6

BERABERAL-AFZ, 7HO—ZAFILIZDNAZH AL, ESABETL
DNABIRZET AT DA E. BEROEXOR(QA VML) ZBTET S,

FREA:
+100 kbpZEH A HELDNADEHAIA HEE,
-ERBEO_E#VINOEREMNETEMIcEmMEL,

W. Liao et al., Methods 48, 46-53 (2009).
B HEREREE

—ESUROBEAETHRYT I VEIEER N E
BETHHE

IR

DNABEIDEEAREZRETALIETETY
DNAZE U T OLOEHRABLTLVEL,

YILDEIZH - TEMH (8.5 Gyl
EenonaZBEUNEE)

C. E. Redon et al., Radiat Meas, 46(9), B77-BE1 (2011)

B TR IR L ADNA— 7 FERER

'|| Itras ound L

~.0 II'I 1a-Ta%

C‘fﬂ

10 um

-

HABMBRELI L. RSTHIE
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1. Introduction

The safety criteria of ultrasound for live bodies are one of
the important factors in the development of ultrasound
imaging and therapeutic techniques using high-intensity
ultrasound such as shear-wave elastography [1] and high-
intensity focused ultrasound therapeutic techniques [2]. These
functional techniques enable the visualization of additional
information and expected treatment effects. However, the
local temperature rise and high stress caused by high-intensity
ultrasound will induce biological effects. Several researchers
have reported the effects on blood under high stress or high-
intensity ultrasound [3,4]. The effect on blood can be
evaluated quantitatively by the amount of hemolysis, in
which the cell membrane of red blood cells is ruptured by
physical, chemical and biological factors, and hemoglobin
included in the red blood cells flows out plasma [5]. Our
group has developed an ultrasonic bubble filter for extrac-
orporeal circulation and investigated its effect on blood [6,7],
and it was found that ultrasound exposure at lower frequencies
induced greater damage to blood at the same sound pressure
level. These experimental results imply that the hemolysis
is related to acoustic cavitation since the sound pressure
threshold for cavitation generation increases with the ultra-
sound frequency. Acoustic cavitation increases the dose
efficiency in ultrasound-triggered gene and drug delivery
techniques [8], and the ultrasound pulse length is one of the
important factors in cavitation generation and in determining
the efficiency [9].

In this paper, we focused on hemolysis caused by pulsed
ultrasound and performed in vitro experiments using bovine
blood. Temporal changes in the generation of cavitation were
measured while changing the pulse repetition frequency (PRF)
and pulse length, and the relationship between the hemolysis
and the acoustic cavitation was evaluated quantitatively.

2. Evaluation of cavitation generation

The cavitation noise power indicator (CNP) [10] was used
for an evaluation index of cavitation generation. The CNP can
be estimated from the frequency spectrum of an observed
ultrasound waveform p(#) and is expressed as

*e-mail: dkoyama@mail.doshisha.ac.jp

[doi:10.1250/ast.38.161]

fa—Af/2 2fa—Af/2
CNP=/ P(f)df+/ P(f)df + - --
0

fatAf/2

/2
+ f P(f)df, M
(=1)fatAf/2

where P(f) is a frequency component of p(f), fy is the
fundamental frequency of the ultrasound, f; is the sampling
frequency, n is a natural number and Af is the frequency
range. Equation (1) indicates that the CNP is determined as
the summation of the frequency components except the
fundamental and harmonic components nfy with the frequen-
cy range Af. This means that the effects of the fundamental
and harmonic components generated by the wave distortion
through acoustic nonlinearity can be excluded and that only
the acoustic signal generated by the cavitation microbubbles
is taken into account since the microbubbles regenerate not
only the fundamental and harmonic components but also
distinctive subharmonic and superharmonic components [11].
In addition, the chaotic behavior and the shock wave
generated by bubble collapse will increase the white-noise
level. Therefore, a larger CNP means that a larger acoustic
signal generated by the cavitation will be observed. In this
paper, cavitation generation was evaluated by the relative
CNP (ReCNP) [10], expressed as
CNP — CNP,
ReCNP = ———, 2)
CNP,

where CNP, is the CNP in the case without ultrasound
exposure; the cavitation generation can be evaluated accu-
rately by subtracting the electric and acoustic background
noises.

3. Methods
3.1. Ultrasound exposure

Figure 1 shows the experimental setup used for ultrasound
exposure. An aluminum cylindrical container (inner diameter:
50mm; height: 80mm) filled with degassed water was
prepared as the ultrasonic reactor for hemolysis evaluation,
and pulsed ultrasound was radiated from a circular piezo-
electric lead zirconate titanate (PZT) transducer (diameter:
50 mm; thickness: 2 mm; resonance frequency: 1 MHz; C-213,
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Fig.1 Experimental setup used for ultrasound exposure.

Fuji Ceramics, Fujinomiya, Japan) attached on the bottom of
the reactor. Bovine blood was employed in the experiments
because the size of the red blood cells and the volume density
are almost the same as those of human blood. The bovine
blood was purchased from Nippon Bio-Test Laboratories Inc.
(Tokyo, Japan) and employed as blood samples. The ratio of
blood to Alsever’s solution was 1:1. A small container with an
inner diameter of 10 mm, in which a 1.0 ml blood sample was
placed, was arranged 55 mm above the PZT transducer on the
center axis of the reactor. The heights of the blood and water
surfaces were equal, and the bottom of the small container
was sealed with a thin paraffin film. The water level was
controlled so that an acoustic standing-wave field could be
generated efficiently in the blood sample. Pulsed ultrasound at
1 MHz with a maximum sound pressure amplitude of 200 kPa
(sound intensity of 2.4 W/cm?) in the container was irradiated
for 1 min, and the number of cycles (50 or 100 cycles) and
the PRF were changed. These experimental conditions were
determined by considering the clinical applications using a
long pulse duration such as shear-wave elastography and
sonoporation. The sound pressure threshold for cavitation
generation at | MHz in bovine blood is approximately 200 kPa
[7]. For comparison, a continuous wave was also applied.
The room temperature was 25°C, and the maximum rise in
temperature due to ultrasound exposure was approximately
6°C, which will not induce the denaturation of proteins [12].
After ultrasound exposure, the blood samples were centri-
fuged and divided into two layers: blood cells and plasma
components including ghost red blood cells, which are
ruptured red blood cells [13]. Only the plasma component
was sampled and observed optically. The sample without
ultrasound exposure was the control.

The acoustic signal in the blood sample was measured to
evaluate the CNP. A wide-band needle-type polyvinylidene
fluoride hydrophone with a diameter of 1 mm was installed at
the center of the sample, 6 mm below the blood surface. The
sampling frequency was 10 MHz and the total data length was
20,000 points, so that 100 cycles of pulsed ultrasound at
1 MHz could be recorded. The pulse signals were sequentially
recorded 500 times for 1min, and the average CNP was
calculated from each CNP. The frequency range Af in Eq. (1)
was S50kHz, which is four times the full width at half
maximum of the fundamental component, to exclude the
fundamental and harmonic components.
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10 um™

) ghost red blood cells in the plasma components
after ultrasound exposure.

3.2. Optical observations

The effects of ultrasound exposure on red blood cells were
investigated from microscopic observation and the optical
transparency. The hemolysis was evaluated by the number of
ghost red blood cells [13] in the plasma component sampled
after ultrasound exposure. The number of ghost red blood
cells in 1ul of plasma components was counted using an
optical microscope. The optical transparency of the plasma
component was also measured. The plasma component was
poured into a disposable acrylic cell (10 x 10 x 4.5mm?). A
laser beam with a wavelength of 540 nm and a power of 2 mW
penetrated through the sample and the transmitted light was
received by a photodiode. The absorbance through the sample
A (= —1og(V/Vy)) was measured by comparison with the
control (V and V| are the output voltages of the photodiode
for each sample and the control, respectively). The free
hemoglobin was estimated from the absorbance [14].

4. Results

Figure 2 shows typical microscopic images of intact
red blood cells and ghost red blood cells in the plasma
after ultrasound exposure. Compared with the intact cells
(Fig. 2(a)), the ghost red blood cells are more transparent
since the cell membranes were ruptured and the backlight was
not refracted at the edge of the cells (Fig. 2(b)). Figure 3
shows the representative frequency spectra in the cases with
a continuous wave and high and low PRFs. A higher PRF
increased the harmonic components and the noise level
between these harmonic components, resulting in a higher
CNP. Figures 4(a)-4(c) show the relationships between the
ultrasound non-exposure time and the number of ghost red
blood cells, the absorbance and the ReCNP, respectively. The
horizontal axes indicate the ratio of ultrasound non-exposure
time in 1 min; 0 and 100% mean the cases with continuous
wave exposure and without ultrasound exposure, respectively.
This is because the total acoustic energy for 1 min changes
with the number of cycles for the same PRF. The plots and
error bars in Figs. 4(a) and 4(c) express the average value and
the standard deviations for five and three trials, respectively.
The results in Figs. 4(a) and 4(b) were obtained from the same
blood sample. The number of ghost cells was counted five
times by repeatedly sampling 1 pl of the plasma components
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Fig.3 Frequency spectra in the cases with (a) a
continuous wave, (b) high (non-exposure time of
20%) and (c) low PRFs (non-exposure time of 80%)
for pulsed ultrasound of 50 cycles.

from the blood sample. The ReCNP was measured three times
using intact blood samples, and CNPy in Eq. (2) was 0.018. In
Fig. 4(a), the number of ghost red blood cells increased
gradually with decreasing non-exposure time and decreased
again at 0% (continuous wave); the hemolysis was maximized
at around 5 to 10%. Compared with the control (100%), the
results between 5 to 40% showed a significant difference
according to the results of a t-test. The same tendencies
were observed for the absorbance (Fig. 4(b)) and ReCNP
(Fig. 4(c)). It should be noted that sharp spectral peaks appear
upon the Fourier transform of a continuous periodic signal,
and this fact means that the continuous wave essentially gives
a small ReCNP. These results imply that cavitation generation
mainly induces hemolysis and that the ultrasound non-
exposure time is one of the important factors affecting
hemolysis in a low-intensity ultrasound field. An unstable
transient cavitation bubble with a short lifetime generates a
shock wave by collapsing [11]. As the non-exposure time
is reduced, transient cavitation bubbles can grow sufficiently
to generate broadband shock waves by collapsing [9,15]. On
the other hand, stable cavitation bubbles under continuous
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Fig.4 Relationships between the non-exposure time
and (a) the number of ghost red blood cells, (b) the
absorbance and (c) the ReCNP. The plots and error
bars respectively indicate the average values and the
standard deviations.

excitation will maintain a periodic oscillation without col-
lapsing and this behavior will suppress hemolysis. Figure 5
shows the temporal changes in the ReCNP for several
ultrasound non-exposure times. Each average value between
0 and 60 s corresponds to the ReCNP in Fig. 4(c). The ReCNP
increased gradually with time and then attained a steady state
since the number of transient cavitation bubbles increased. It
is noteworthy that the ReCNP decreased rapidly at approx-
imately # = 3 s in the case of a non-exposure time of 5% with
pulsed ultrasound of 50 cycles (Fig. 5(a)). Comparing this
result with the result for a non-exposure time of 5% and
pulsed ultrasound of 100 cycles (Fig. 5(b)), this result can
be attributed to the transient cavitation changing to stable
cavitation over time since a larger number of cycles gives
a lower PRF for the same non-exposure time. Although the
average values of the ReCNP for the non-exposure times of
10 and 40% are almost the same, as shown in Fig. 4(c),
significant differences can be seen in the number of ghost cells
(Fig. 4(a)) and the absorbance (Fig. 4(b)). The instantaneous
increases in the ReCNP generated by the transient cavitation
shown in Fig. 5(a) will induce hemolysis.
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Fig.5 Temporal changes in the ReCNP for several
ultrasound non-exposure times with pulsed ultrasound
of (a) 50 and (b) 100 cycles.

5. Conclusions

The effects of pulsed ultrasound on bovine blood were
discussed. The relationship between the changes in red blood
cells and the acoustic cavitation was investigated acoustically
and optically. The experimental results implied that the
shockwave generated by acoustic cavitation bubbles induced
hemolysis and that the non-exposure time of ultrasound is one
of the important factors in hemolysis.
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fields using diagnostic ultrasound, IEEE Trans. Biomedical Engineering, 42, p.828-839, 1995



=5/
-

ERILEIC & 5 EREBOREZZ 8

ERTAET 3
« FEBO T EDRES A BIE

CAET 5RE ERIFIBUATRARLL CVZREEION UT
cBERINRICK S REDKEAZRERES

RECEDERZZRE,
AR OBIRER O NICT D
« fe iR & SRR TR O TR AL RN o lE ORIV E HETE
5

s RBIDERD M ZHETET T 5

« MRIE BERORIBBRICE > CTEEDHEZHTET 5
1) WFUMBA A FZ 4 vickniE, BEEEHNLISCEBZRITN
LR EEELR W, BE EFEHAA.0°C, bOo%xiBZR 5 KNP
DEENBSIND

N
B

R & AR O 2T & DEIR

llllllllllllllllllllllllllllllllllll
R ENENETTIE T

Ar  Ac) T AT 2al _ dT 2al
At C(x) —t=KV T+—+

d e C, - Ez .
v
At Ac(x) dc 2alty
At - C(X) B dT C(X)Cv t,: heating time
Hifﬂaﬁ°/7 b EE AT/AIZTERZACE Ac(x)/c()IZFL W

BRI 7 bR ER0RERLd/dT, HERE o BE o), FHRAAE
C, BEKBE [ ILREHE §ITIKEFT 5.

CPLY A ES

) RO R




151

TMM7Z 7 > b L OERvs RERE
—

TMM : tissue mimicking material
30F

® Measurement value
—— Linear approximation )

E

S 20+

£

>

g 10-

2

55 Ole | | | | | | | |
0O 2 4 6 8 10 12 14 16

Temperature rise [°C]
BRODRERE: 1.6 m/s/ C

ATE 5 R

R B P HEL G FBXRg A HE

l

® Measurement values

1

N

o o
T T T

% o0k — Linear approximation °* % . 35 ° C
(=) (=]
g 157 g | -
g 107 8™ :
é 5k 2-60- ® Measurement values| - -
(?') 1]2 ! (9) E ! ! 1 !
25 30 35 40 25 30 35 40
Temperature [°C] Temperature [°C]
-50F
é ® Measurement values
= 55 —— Linear approximation
Tissue dc/aT g
samples [m/s/C] z o0r
=)
Muscle 1.3 2 -65¢
Fat —3_1 8 -70k ! ! ! ! ! !
34 35 36 37 38 39 40

Temperature [°C]



152

KB G i APN:liE

Power Preamplifier
amplifier Olympus
NF 4 507 PR
Transducer
- Glycerin
45 mm 1 Solution
20 mm | L TMM Phantom
2° 10 mm % 1 Agar
““T' 000 --=- g OSC|||OSCOpe
Function Yokogawa DL850E
generator

Agilent 33500B

=R BEETIC BEZADAE

Power Preamplifie
r ...l:'

Transducer £
|

Degassed water,

45 mmﬂ TN " Glycerin :
_ 20 - / 1+ TMM Phantom .:.
— = Agar Oscilloscope
Functio
=1 4=
[Fl#— AR IRE 7 B 4B Frequency: 3.2 MHz

Applied voltage : 100 V,_,

Unit: mm f%ﬂ: A

Fﬂ
,m'H

A 15

Frequency : 5.2 MHz




EAIREFIC L 2BERE— LA
]
Function generat r

IR FEEL /
0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1
55 m

Frequency: 3.2 MHz
10 mimy - D1stance ofsound axis [mm

Applied voltage :50 /
RAEE 1.0 MPa

~
vy

n
(e

\ ./
Vp-p
Power amplifier

W
W

———

Transduce

N
i

Distance of sound axis [mm]
[*N)
[w]

:li‘ ______

~
(=]

~
W

Input voltage is 50V, and exposure time is 100ms.
Hydrophone is a needle type PVDF (ONDA, HNP-0200)

ERERES

= aEEk
Frequency: 3.2 MHz

Applied voltage: 50 V,_,

Power amplifier ‘

5.0 ,
L — T : ‘Heating
=
<
I:Ii.‘. ______ s 0
Function generator a b ,
9o m < 100 mé
10 mmy i !
=0y 0.5
1.0 Time [s]

IMEABE R« B L TWARKRHITEEREE = AT L
AW



154

TO—ICHITHFREY T FDOEE

5&“%%&@ N 22/ A
Frequency: 5.2 MHz IMERIR O T 11— %S
PRF : 1.0 kHz %

—————————

|
|
|
|
|
1
|
-
o1
(@)
1
L

Pulsar / ' .| 1Heating

i | — n
Transduceri ? % I
_____ g 0
55 m ' g o
10 m < 100 mé
—5.00 05
Oscilloscope 1.0 Time [s]

IEABERRBHOR®R CAERBE R XRET S

AERBERE— L
- 0000000000000
RH—GREST —

%8110}

Unit: mm BI[E
E
Hydrophone is a 2
needle type PVDF S
(ONDA, HNP-0200) §
<
A

N
()]

-5 0 5
Distance of sound axis [mm)]



SUEE IS - BEREE S
- 00000000000]

MERBEROEENT 40
B : 3.2MHz ]

50—_

Depth [mm]
o1
o1
|

Hydrophone is a 60 y
needle type PVDF
(ONDA, HNP-0200)

5 0 5
Width [mm]

=

£

c

pay

q) rm

() e
£
= ---45 mm
2 ---65mm

Width [mm]




156

EERIG R & DL
e

2.5F
® Measurement values
2.0l —— Simulation values
O 15-
— 1.0
0.5F
0.0k ! ! ! ! !
0 200 400 600 800 1000
Time [ms]
AT — Ac _A’l’ 1
=ac7ar -~ ae W gezar

RO PYE L & g B e

Phantom
le—" ( T

Degassed water, Agar ) ‘

10 mm--%-
AL . Tissue sample /

«—+— Acrylic block \ﬁ

BT

A PIRE B fig B fELf8

R, N




157

S SRS
e

20F
15- ® Muscle (50v100ms)  —— Linear approximation AT ~ AC(JC) _ dC Zalth
7Y ® Fat (50v100ms) —— Linear approximation - i
= At c(x) dT c(x)C,
Es v
= Op . . : ] -1
2 At sdc 2al
2 5t —(—=tp) =——
" At \dT c(x)C,
T g _
-15k | | | 1 v
1 2 3 4 5
Gate time [ps] Measured values  Referred values
Tissue | Applied | Exposure A dc . At/dc N\ ! 2al
sample | voltage | time[ms] — ar [m/s/"C] E(ﬁth) c(x)Cp
V] At [°C/m] [°C/m]
Muscle 50 100 0.27x103 1.2 2.3x 103 2.0x103
Fat 50 100 -2.4x 103 -3.1 7.7x 1073 6.5 x 10-3

JAERI-DATA/Code,95-002, A a#E1#: & BT 00 BE5 (R %L
Goss,Johnston,and Dunn:Ultrasonic properties of mammalian tissues,J.Acoust.Soc.Am.,Vol.64,No.2,August 1978

HAZBEZ=] Vol. 70 (1999) No. 9 P 184-188
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Test Applied | Exposure Ar/At ocloT | (At /Ab-(cloT) -t | 2al/c(x) C,
sample | voltage [V] | time [ms] [m/s/°C] [°C/m] [*C/m]
100 0.58 X103 4.8x10°% 13 %103
Muscle 100 1.2
200 1.3x103 5.4x103 13x10-3

HAZBEZRER Vol. 70 (1999) No. 9 P 184-188
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At — E Et AT
sample v dT At \gT " oC c(x)Cy
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Muscle | 0.27 x 103 1.2 2.3x103 0.33 2.0x103
Fat -2.4 x103 -3.1 7.7 x103 1.1 6.5 x 103
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TMM7 7> b L OERERFER
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8 =
® Average value (1.0 MPa)
6L @ Average value (1.5 MPa)
'@ ® Average value (2.0 MPa)
2 at
=
G 20
o
S
w Or
2H 1 1 1 1 1 1 1

16.5 17.0 175 18.0 18.5 19.0 19.5 20.0x103
Gate time [ns]

Hydrophone is a needle type PVDF (ONDA, HNP-0200)

TMM 7”7 7 > b L DRITESRSER
-

Sound pressure At/At Ac dc/dT AT
[MPa] [m/s] | [m/s/°C] | [°C]

1.0 5.9%104 091 0.57

1.5 1.2x1073 1.8 1.6 1.2

20 2.3x107 3.5 22
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£ 4r
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o
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w OoF
2H 1 1 1 1 1 1 1
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[

Sound pressure AT/AL Ac dc/dT AT
[MPa] [m/s] | [m/s/°C] | [°C]

1.0 4.7x10* 0.75 0.68

1.5 8.8x10* 1.4 1.1 1.3

2.0 1.9x1073 30 2.8
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REFRIOBUT TRE L7
c BERINRICK 2REORMEAEMNMNEEEREIEOREREZESE, AH
Bt & DR ZBALANIC LT
« XD ERAHEM & BN D B REAL R % HETE L 7-
c HETE LT-BRENMRIIBMEDOSIRE L REXRIOB AT T—EL
7=

m 5 MHz, 1-2.0MPa, 100msT:&E EF1-3°CZRIE L 7=

MREE T RERAW-E&E
DHETE

tREE, FAET, MERE, ZFREE, UL HE(RE
#X), #EEE (ERV), FAEEF(ERRIEX)
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B BY

- MRIBHEIZGRETICEERIO—J#EEL, BEFKEMRI
% [ R iR
CERMMEERWVERBE R T O—T DR
- HEICEZ2HEEMET S

- BIFFIRBESINTI=2DDEERZEME LI-BEE DR K
- BERIO—TJIZRYFTITS, MRIT—Hh—Z%E%L, BEBEZmET 5
7ILO) X LDORF

- AR DOEREDFTDIin vivoitEE
- MRINGZEREIIEREZH#HEL, BB REGN OB E RIGRFRZHE
cHEEIN-BELSAMNCEET REREOEE S LMHIE

FRFELI-RRRE - AT LA

Operating room

ultrasound

0 Jdp

FAFELIIEHETO—TEMRIR—h— (Dv/>T0—T (%))

RE)FIIE | =—h—(EHE) |




/&"'f)‘—w 7 VAT L
RSYSOOO6|\/| RFP(®4o0Y =y 4t)

Host Computer
(ot include)

TOo—JA3—Dx | ER{EFY | AID SFRE | o TYLH FoTFvAE)
AADFvRILE *)Lﬁ JBiR#

= A256 12 bits 31.25MHz 256MB/ch

8]
MRIXIGEBE IR I O—7J

EBRF 1—3aVRIvk EBRF 1—3avRIyk

==Y B 5MHz ==Y 8MHz
ZFEVF 0.36mm ZFEYTF 0.30mm
RFUHAX 0.26 x 10.0 mm 2FH1X 0.20 X 8.0 mm
=FH 256 =FH 192
BELUX 7L FELUX £ R EERE20mm

Cronodo—TJkKE
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Dnn

MRIZ
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& UREREFELEEE U
TULWBWMERFZEDENTNTBE—K
OHEETVESR L TOE(EERIUE.

ERFE - - - —EERETAVEHE
REFE - - - BEABESHULHE

MRIBREBERIBRICEIIEN T 7 > FAOERDHHE, KU BE— REROMIE.

BE— FEiff

M R Ei{§

B

HEMEDRE

Degith [rmer]
5

2

. EEFEFTOII—HME
T = 0.130 + 0.032[ps]

5

10040.125 mm «{ H
USimage

MRimage

Ullirasound beam

BEEERERORLD, T7obLAOFREREL:

’ I7U b AAOE 1520 + 18 [m/s] |

E

Diepth [mem]
Depth [mm]

1] &0 &0 B0
Width [mem]

zin

M e
Width [mm]

FREROES )T ERIZEITS
IrorLEANMSASETOEMMEET o

[ masE® [E=¥UTBZ|
346403 | 22

SREROET

[ MRES®

BERE(mm) | 368+0.125 |

(%]
=]

=

HETmARROBRFEERTOHEN

$

BELEHITO—TEMRES

Depth [mm]

o=
2

40 60
Width [mm]

0dB

Dagth [mm)
g & &8 B

20 40 0

0 40 80 80
Width [men]

Wdth [mm]
> ZRTECHMOEMEC KSR
BEREE

ERFE

20 0 &0
Width fmm] Width [rren]
-B0dE
Area number @® @ 3 @
Half width ratio| 0.5 0.9 0.8 0.8

» REFEICSNT 4ERTATTEREE NE
{iEofk

EBBUERT I A —HADME
&£DBE— KElROMBEIERE LHRIBT S,
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MRI
128mm

128 [mm] 30.5 [mm]

-
HESNT-FREEROERE

Center frequency 8 MHz 5SMHz
Tissue Fat Muscle Fat Muscle
V [m/s] 1477 1547 1412 1627
SD [m/s] 76.48 98.67 1283 122.5
% 1800F
. 1600F
2
Q
% 1400 -
>
—8 1200
=
o |
21000

Fat Muscle Fat Muscle
SMHz SMHz
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Operating room MRI room
Head coll Probe

ultrasonic

: i { |
s // | C
f IObe Setting m

Focal Length of Acoustic Lens : 20mm
Number of elements : 192

Element Pitch : 0.30mm

Center frequency : 8 MHz

BEHTS-FIL-1\wk
HFi&E 1410m/s
[EE:10mm

AR IR T IRIEL-MRE{Z
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BE HEROEESMMIE

Conventional method Proposed method 0dB

Depth [mm]
Depth [mm]

10 20 30 40 50 10 20 30 40 50 -60dB
Width [mm] Width [mm]

Constant value: 1540 m/s | | Sound Coupler: 1410 m/s
Constant value: 1540 m/s

-
RERFER

- MR(1.5TERBERDEIFIRIE - A A—D0 T SR T LERAF

- EREMEMEERVERBE R TO—T 1-3aV RSy - 5MHz,8MHz

- MRIORGEEBNBERLYEL=6, MRIOKIEERBIZEBS R/ NL
AEEZELT, SMERRGEETo1-

- BIFFIRBIN-2DDEBREME LI-BEE DR K
- TO—TJEARMRIN—Hh—%FFEL, MRIOIRTEIZR TR R
HEHETETEH7ILTYVXLOERFE
- T7UMLIRGBERICKY, MEBEBRETR, MEREZRIILT:

° EPFW“B@ SZEFDIn vivoHEEEF DI F
THEER AR I A A D B R E R ERT % UT TRIELT:
- BRIRDOERICONTE R MMFIEICKSBEIERNELHERL-
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B RHANICET SR EELEDHBERNTORBERIMAEIZE ST, &K
{?ﬂﬁfﬁi&ﬁ)ﬁiﬁ%té#ﬁ%iﬁlﬁ)bx:t:—iﬂza:oﬁﬁé& 0%LL T T
HEeLIZ
- MRIEBEKEDRIFRBE AT LEFBEL., AR D FE
#in vivoGHIELT-
- BIEMEDRERIITWUT
- SEDERA
- AR~ DERER IS FH
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34%~73E%@ﬁﬁﬁﬁ?wﬂmﬁwgﬁ&ﬁmwmﬁ
BERFZRZRAGER 2R - RESER T, DIARHEK

[l R WFJE PR g8 HE A - R )
BALR R B A ER AT ER - LR B - R B, M Laii e - ek
T, ARIESE, MIEAEH, EHEX

(1) SFEEOHAHEOHRE

T =~ 3T, AVOMETHT LTI XLAOEREREIF~OIEHEZIILOE LT, 2V E
VO@mERBERMBOERLITE Y, AT, TERNRAMAOGH LN L, FiicREREK
MORFHHES F IR OIMAZRET L2 HME LTWD. R, B E K E RSB
ELERIIPPDLavEIDO R IFHAFECEHT LI T LAY XL, FEREERIT
DEISHIS R EICEB L, BRARITEIERLZER L C&72. F—H0oavE Y M7
(HEATE ) 73 Y XACHER L, BEE R Z s~ o 55 BRI M) 72 E B
FIMEHCBIED L, MEFEOAMMEZ EZRICH LN L TE .
avEVIEIHWL@BE RO EEEEEDE V)L, K& FM AL L CF-FM B4 1)
b, WIhoavEel s, ma—abr—ya VICEECRERICEEENERT S FM &
EHWAHAZLENEHELTHLITFONS., ZZCTAEEF YT RHVDS FM FICHEHR L,
R7ZZHBRORGBESEZEEEEMRE L Lz LT, avE ) oFEHEMETSHT LY
ALZEZBY ANTEZBER R 7 MEHFHICONWTOBRMNZITo7-. SHIITHERE LT
X, avEV O A XMEICHET 2T RERNOEEBEZFAL-D, /A XEFRFEERETIC
Bodxza—mar—va ATEOFN - o biT o7, BRITCHEETRRER R EOEEN
REREICET2ave) oBEEAMAICEHT 2EICITEICOVWTHRZ®RET S.

(2) WFRBRE
AREBBEOT a—~OFELHEET LTI XA

—HoavE VL, RITICHED N7 IR EMET X, BEESTOREEE BERES
¥, ma—0FEERE IS TR 707 Ml WaET> (K1) . avelo
BERRATIISBONTZABEEFRICEWEEZFES. 17, 20 VITHE L OEST FAIE
HIZHDEEMENS DO a—Zxt LT, K777 MiEEITY. Zhick-T, YT
HOLEREBOE X, IHICIEEFONFLZFICL-oTELDL N7 TEEHEA KE X< BT
EH50THDH. FLRACATHEIEEICHLTOALGN, = a—FEMETE & XN HE.
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COXORHETAITY XLL, XEFEFO/REE —TI, ZERMOREZFEAEW S /KD
2 DT FEEE, BEORHEREZayE IR ETIZILEEERLTWVS.

Echoes from wall

4
\
\
f T LT T
Transmitted
pulse

M1 =avsloRFZI57V7 MHETEH. RITF, avE ) ZIEXETB8FHOAERE L
RITEEICISCTETSE, UMDz a—0OFREEZ —EITRD.

— 07, ARAMBEN BT SV ARBIRT S L&, HEBUCERA L2 A RN OB lREEIC X
ST, Ta—OHLEERPMRIEM A~ 7 ST 50 207D L RO HL R TR
T ET DL, BoNera—FEEOETHMEELGEONR)BIE T T2 2 LIcBE R 5 (K2).
WA OB ERDWEES TIE, EXREEZZEESOY 7V 7 EREICT S HANR
RSN ENHDTD, TOX D RERBIKFHEIZLD SNROETFTABREIND.

0 e ~|—— Transmission

/ \l .... Echo
-10

o

D, 2+

g S

3w / AN
T I I

-50 25 50

Nomalized frequency [MHz]

X 2 BEEBEKERBRECIZ2BEHz—0RABEEEEOHFH (£). PLEEREOEE Y 7 k
WX AD BHBFIZ SNR BMIE T3 3 (F)

ZIZTARMMETE, ZoREIIHLT, ERT2avx) oMET VI XLE2IEH LK
R7Z5BTPEOREBRORIEZED CEX2W. bbb, ZRESFOFLEEZDO V7 K
wBAEL LI, BEEZOTLEAEKRZHONPEUDHEL XK T L, a2V LR RTT
V7 MMEET VT RAEMAANTEFETHD. ZRETOEZA, MFZEE LT 2
— 7 OHRERNDBMEERLD OO a =00 R TEEEOFHNEI T2 A, RT TR
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N7 NT APPSR U HREE, MEICL-oTERL, SNR OXERHHFINDIHEREY
BTWLBL TR bEZREREEEZEAD 2 2L, FT7I7RABEOMUERIZET D
SNR DR FZEET D &N TE DAL RSN,

FMEBZH W7 A KK O HI

FMESZXELEEREO, 2a—0fL0EAEEO Y7 M2 ERICEHHT L. BEERZEH
#:{& (Ula-Op, University of Florence) &% 7 4% ~7 o—=7 (PA230E, A A5 ¢ 24k, fc=
2.1 MHz) , AE@EE#HE7 7 b & (BEEL : 0.7dB/cm/MHz, £ X : 25mm) % HW\WT, JE
W ¥ 3.0~1.0 MHz @ down chirpfE 5D =2 —Z 3l L7-. # Vv LJEEE (PRF) 2 kHz T
FimL, e —7OERICHE LR (B "oOZWEEZTOARAXXT T Lnb, |
DEBEEO Y7 NEEZFHIL, ME%OREEEEERET D, BRMICIE, M E MR
k=S heTaERMPOOZa—2KEL, BEHIAX7 hrE2EHB L, Aoz
Ta—T7OPLEEKE T a0 - HEKLOEEMET L. OB, XEHFEFELFEL
FRBEHERICB T T a -2 VX -0 EEFEEL L, TOREIVHERICRD LD
CHEREOHELZED . ZORE, SRV AR 7 7 > b 228 5 x5 5
BIX 0.5MHz &7 o7 (X 3) .

IR AR Z W72 LI KNI E 2B L2 F 2 — 7 2 KENLS 1SMHITCH@L, F=
— 7 WNIZIET ¥ A2 b7 (Sephadex®, GE ~LVAFZT) 2& TR KZEE —ETHL
7o, Fa—T7NOFHEIT, HERER (PMXI18-5A, HAKE T TEMKKNSH) XV IR
VT AT T Ty ) WMAAEETHE L., REWMENOHEIND N7 7 B KK
42x102Hz Ch 5. Ta—THICHNLDITFA NI b0 a—(F5%, BEEA A —V
VIUEBEBICHER L 2R T — 7 2 TR L7z BN U 72 AE B I A B R (3.0
~1.0 MHz / down chirp) TH 5. i L7 EKEHE 7 7 > b L1308 E 4 0.70 dB/cm/MHz,
JEE :60mm ThD. T MR Ll EEEErRICREESoREEEREL, &
BRAaAT o T2



173

2.5

2.0- .

154 e .

0.5

Normalized energy [a.u.]

0.0

0.0 0.1 0!2 013 0{4 0!5 016 0.7 0.8
Compensation frequency [MHZz]
M3 FMERHERARICIBTIIEAREAEEL - —FEOBEMRK

PC ——Ula-Op

Degassed water dextran

-phantom

]

X4 HELEZ AW 75 EEEE R OEZRR

M S IXEEEEMEST IO RT T A7 b Thd. REREBEELTE 3.0~1.0 MHz
DFMBEREE, 7o —7OHLEAKER TH 2 2.1 MHz O B —F S OE 5% H iz (2.5us).
INEXYV FMESZOEN, RTT7AXT MARKLOVPREIZEHTWD Z Enbnd. 20 ~420
HzRIZBIT L RF T - AX7 I hazlhicElLicza—2xrd—i3, FMESZ VD
ZETH2 % ER L. ZOERELTE, FMEREZHAWVWAZLET, 779X THDHT
2 — 7 MM LT <D, 0 Hz fEIcBind A7 FVEG B3 LT 5 i
METFLND. TOME, =7y hma—no0 K7 JEEHZOMFHMN EF L, SNR A
WEINLEBEZLOND., FEMS TRIMREIY, BEREMELIT L2k, 20~
420 Hz WIZB T D R 7 ZHEHO =3 X — 13 EMERM%Z T 14 % LA LDk
T L7z,
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160 -
120 4

80

Level

40 -

T T T T T T T T T T

160 -800 -400 0 400 800
7] Frequency [Hz]

120 4

80 4
4O_MWWMNWMN\NWW
0_' 1

T T T T T T T T T
-800 -400 0 400 800
Frequency [HZ]

Level

160
120

80 -

Level

40

0 T T e T T T
-8|00 —4|00 (I) 4(|)0 8(|)0
Frequency [HZz]
X5 WEMLENODORST « AT T A

WIZZNZN 30 EOFHAFEREZR 6 2R T. FHRTIEEHEZRIICELDZ. Zh
LV AEBMEIC L2 EHEEEO LA IZb T CTh I NHERTE . AEEMEICLD
SNR f# (L, BHOEHEBICE > TRVHRPYFEIND I LR TDHE. 451,
IR T e — T B — b LT 2 & T, AR EEKAABRICHIET D SNR o E O F B
12L LT, AMEFEOHEIMHIND.
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-
_ L ]
5120

Sine wave Chirpwave  Chirp wave
(1-3MHz) (1.5-3.5MHz)

X6 ¥ FFI7EEZHROEI

x£1 EHFNTTEAEEK

Transmission waveform Average frequency [Hz]
Sin wave / 2.1 MHz 1.23 x 102
Chirp wave /1 ~ 3 MHz 1.77 x 102
Chirp wave / 1.5 ~ 3.5 MHz 1.83 x 102
Theory 4.20 x 102

JARBETICBITSavE) OFEHH
Vi a2 01 4
avEYD ) A AMEICEHTIBEREHDOERELZTALIZD, 2 vl 2 HWERIT

EBEBE UM LT, /A XBRETICBT2avE) OFEHBEEZM5720, EBR
FENTRITTL2a0EIVICHLT, VU NAE—D XV BEEFLRRIL, TOBEOavE Y
DITENEFH - L. Anlkav e Vid=kr X277 av U (Rhinolophus
Sferrumequinum nippon) T, &SI OHEE R Z BT 5. EARBEEEITA 30kHz (T35 T, %
T VB OB BEEEEMOANRIS, BHIVBOEW FME 5% 5 CF-FM R L X &2 %4
L (K7 EX) . F2, BEFEHES, BFREIFE2HEEIRIBHAENDS. CF-FM B oD
avE Y OMNICIE, EETLH 2 M5 OMAA DT RIS LTS 2 f i a2
e SN THVE, REFITIAHZOANERTELZI 0D, ma—|ZHE2HFEEEZHY, £
DIAHGHLEERMICH L TORKIET H2MFICLD, ks OF5IREZFFHR&RICX
DEEEL TWNnDEBEZHNLTND.

HEEE L

AREBRTIE, CF-FMA a2 ) OBER SNV AOEE#EEICEB L, HERKE.
@ & # o JE

7o. BRmvicix, O2 mEOREHIR 2 A X(30-35kHz, 65-70kHz) &,
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ES
BRaitolz (M8 . EEFEZERLRVES (offf LHEFZE2RLESS (on) T=

W N2 D O CF-FM {5 5 (CF = 66.5 kHz, 33.5kHz)Z#ESF L L TE»RL, £

7)) &:2%Fﬁﬁ@%i&ﬂ??%@@ﬂb??bﬁ, ﬁjﬁ%ﬂ%ﬁ§&%%éhf:ﬁ%§@gj%y 0)}]‘&5&]‘/\"
v A D FE R VE O AL T T

EBIZBM=E (9.0x45%x235m) 31y P CTRUI-7222/# (1.0%x4.5%x235m) WTIT
W, aUvEVIZIEEHERITESERE (7 TH) . ZHOoBICEE1.7m TRELEZAY

— % (PT-R7II, PIONEER CORPORATION) 4O EST 2 E7R-9T 52 L THERER

BEHMELEZ. TF v VoEPBICBRBE LIS Y LA~ A 70k 2% 0 TH

BL, EEOREBZL2avRVOFEFOLLESH L. v 7 nRridid, 8
HEOEENP Db D= a—bBMlEND. avEID T TV 7 MEITBIZBET 5720,
BEIZR > TIRIT T DRI~ A 7 m A icBlllanicza—o e+ 2 & T,

HEEZRTORT T 7 PHEORKEIZOWNTHRE 21T - 72,

Frequency [kHz]
3
11
i
I
ol
m

2.35m

4.&

M7 =xrF%707ave)0BFK (L) ROHETRTIEZRRE (T)

N i

T 100

>

g 80— 65-70 kHz 66.5 kHz

% 60 r b I 1\ r \

2 30-35 kHz 33.5 kHz
20ms Band noise CF-FM noise

X8 PEFOER
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MR HIPR ) A R RoR - FEROREFICBIT DUV A0 CF2 AW sk, k= a—o0 CF2 A%

OB ZEND —Fl 2K 9A 12T, £72, CF-FM T2 0iELT L L TCERLEEO 4 %X
10AIZ/RT. WTNORITTH, 2T RSV AOEEKEZELLIET, AFICHEL ==
—DREHEE —EICRD N T 7 MMEEBITENHERE TE 5. RIZ, FEKMFITE T S CF2 /4
KOz a—%K9, 10BIZENEIRT. ZHOLDOMENEL, HEHIR 4 X - CF-FM #
EFICLLT, EFTERKFLIIFERTRFICBITS = a—CF2 AEHOSE#IC AERZET
Ronkinole. 3720b, avEIRBPFEEERERT L, KEAZKTI®L Z &<
R7Z727 MliEITEZIToTWDH I b,

INETOMET, 2HEKEZRMKICRITIELZBICBIT L RT I v 7 MMiEITEIR VT
HEERIC, BEEMECORKENREDLRNI ERRESNLTVWD[7]. AREIZEVWTEY
EEMREEN TR ZEELZTMICIBNTY, avEIRNe "X e N7 T 5%
EHLTWDLZERHLMNE RS T

DA AR 2 A X, KOy, CF-FM A EE O 2R - EERIFICE TS CFREOLL %
[ 9C, 10C ICENEFNFET. THALOMBELY, HELTZREEL, HETHEDREFICHS
CCFENMNELSRDZENDDD. YiESLORMMZEELZRBET27-20EE 26N
5.

]
T, = L = -
ﬂﬁpﬂ?% "o wn %;'&Ei:ﬁﬁn;' B v
- = ws B
i‘un "a - ﬁ'
. - v -
f'l‘"i ' | pulso (OFF)
b - ".' il 0O et (OFF]
s - - = B pulse (3035KHE nosa)
. O omn WmpT ] 0 ech (3035 HE rolsa]
PR w puse B5-T0RHZ nosa)
we o e (55-T0RHz nolsa)]
8 P
Fligh fme [x]
x4

B
L]

CF2echo frequercy [kHA
boa b B

——
CFadaration [ms]
—

OFF 3035 6570 OFF 3035 &570
Arificial band noi=se [kHz] Artifitial Band Noi=ze [kHz]

X 9 WHHR A X2ERKEOAVEYDOBEREASANAOEAFERL a2 — DR BEHEDORR
777 (M), =a—FAEKEOFEHE (B), CFROEHE (C)
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osd
- LI, -
=]
i “"‘“_ gqﬂm&%
Y mfﬁ
Eus-".z ol g plselFF|
Y O echo (OFF)
z '. " & pllsed S5 SHZ noisa)
- - ;
wadw - O ek 55 5H 2 noisa)
T T e ¥ pulsel 33 Sz nosal
T ook (3352 noisa)
";..T.'\FFF' I I w0 (33 T
(B) es 18 18
Filg bt time [x] -
i3 O S«d
s EHE
E, 104 7 = (C)
m, HI.00 E
2 G .
g mus 2 1 l
= n
Emuu ‘a . :——-_ _
B omas = Tp—
: 5w
§ [..8. 11}
5 .

Mldalcélr-'-m :c3|j-1d m?:ejll.Hz] Arliil'alcg-'-mfuind ngz_: Hz]
X 10 CF-FM B EFRACBIT2avE ) OBEES SN ZAOEEEREEEZa—DRAKEED
RRF T Z77A), =a—REHEOFEHHEB), CFEDEHHE(C)

SHIC, HEMEICHERAL, BEATLH2MEED CFHOMBSICHONTHANL., £/ R
O RREEZEEL LT, FETER - FRETRFFICEBIT S CF1 L CFR2 T XThDOEEL
1L ICRT. 2 &Y CFl RRICHiEH(33.5 kHz) Z HE I H72BEIC SV 2D CF1 Loy
ZHENICHED T, —F5 CF2 oIl EH(66.5 kHz) #HE X5 &, CFl lyz5HH T
L2l bholc. ZTOZEND, EBFICHTLOLIYAXF U TRIBEOZDIC, HET DK
RS, NAAFEEZMIE L THE L TWD I ERRBINT.

BEFIHBFEINLIZ LD, BLavEVHLRHNMHATLIETCHSL. —FHTH 2
FEEEFRCE SN, ma— LTHWD., T hbbiflEMEsHnsavElicsnT,
REELE2HEEINTNICEERZEENS L. FavE ) OMANICITEESZT O L
AEFE2M/BEDOT a =R LR oG GBI 2MEREBERHY, RETLE2MTL
DEEHITEERERTHL I LNBZAOND. SEOFERLY, avE ) BNHFHEMEEDH
My DOLEFHEL, EFICLDI~YAX 7 2B L TWDAREERRB SN, 5%,
KHEEICEAT 22 oBEEAMHIZOVWTS, LW EZIT> TV,

PP

o
i
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a

I

%‘_m_ CF2 CF2 BFs
CF1

0o -%—

“ °n B

-50

OFF 33.5 GEE.5

Arbficial CFFM sound noise

K11 EEFLE2HEFRTOFEOE

BEFRAT 1 D= F Y DI 5 ) 15 5

WICHEBREREL LT, ERCEEO 2V E ) 2FRKFICRITIE, #2320 €Y OBEK
DODEAL AT, WEOHETIE, MiITHOoavEVICEFE2EELEZ FM B2 2775
&, WEE L ORI EEICE U THRE SV 2D TF (Terminal frequency) Z b E&® 5 2 &
NWESINTWD[8]. ZoZ tnb, avt JIXREERITH, BH O TF & MEAKD TF &
DEBEZFEMTHIENTPHRIND. Z2C, BEFCHFOEF2MHT270ic, 2 v
FEUNEDIHIICHFOBP ANV AEZENSELINERF L. T0DIC, MIFM U A
YLARA 7R 20T IV —=TRITT L85 a0 E ) OBH SV ZAEZFRILE. F
To, "VAZE L FMESEERL, E8FEOEMICH LESHBERENED XD IC
AT 2 & Rl L 72

FEBICIE, = A a v E Y (Miniopterus fuliginosus) Zf W=, =2 - Tavxl iz
a—a s —va NV RAEADND BT S, L AIX 100 205 40 kHz I FBET 5 FM & C
b5, 19EEHBHL, 4MENLRD T NV—T%25 6 7V —71EK Lz, £, BH=E
(9x45x%x235m) Xy P TRUI-7Z%M (6 x45%x235m) ATIr-7. [ZL®IC, 7
N—T DK avE ) ERMRITIEL. 2O®, JV—70 40K ERFICRITS . K
%I, BOF 2T ZHMRITES R, MIFM YA Y LAY A 7 a R 2 B#T 2L
T, 2RO EFREpBEL CRE L. a2 v ) ORITIE, BIHEICHRELZ2E50OE
7 4 5 A Z (MotionXtra NX8-S1, IDT Japan, Inc.) THg¥ L, fi##7> 7 b (DITECT DippMotion
PRO version 2.2.2.0) % T 3 RICRATHBE 2 5 H L 7=.

FRRAT T 2 4 A a v E Y OFFLERITPUMEZZR T2 LIk L. kb
TF L VER E O TF O %S ATF L EFR L2 L 2 A, ATF IZHEMMBITRED 0.6 £ 0.6 kHz H»
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(Hiryu, et al. JASA 2007)
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(Suga, J. Exp. Biol. 1989)
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> MAEER(IC KD BEFRE DIREY

wprobe : UZJ77BI64%F, 4.6 MHz (fc), 95 % (F131E)
vphantom : 0.6 dB/cm/MHz

VESELK : dextran (Sephadex®, GE Healthcare)
VIBERZERE : Ula-Op (University of Florence)

ViR (EER) OFUlME : 150 mm/s (R SEKEEL : 780 Hz)

PC [— ula-0p

Degassed water and dextran

SBR (C K DM TEFBE DRSS

Level

Frequency [Hz]

— Conventional method
—— Proposed method

FIERE (Hz)]

40 eRA -4.9 %10
20 RBEX 6.4 x 102
IB5RIE 7.8 x 102
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Time
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Probe
19 5¢ « Shear Wave Elastography \ [ muwmeE

B E M ST E (Acoustic Radiation Force, ARF)
[C&>THBSIN T AR DIEHEE(C,)
XU TEE)DRDHLND

E =3pCZ [kPa] (plIFEE)

= HAMBEECODEEENEREGTRA b

RItER IAARES

— = O

. 5

H&= Shearwave®D 5T, [BITDE

HEROEEL. BrAH Tk, 1500 m/s Btk (1450~1600) Th B,
shear wave (#EK) TlE. fABREIT 1~10 m/s EXE(ELS.

| [swEE () o % (kPa)

AE A 1.04 3.25+0.91

ZLAR 1.04 3.24+061
Fibroadenoma 1.46 6.411+2.86

IDC 3.76 42.52+12.47

* Samani et al. Phys. Med. Biol. 2007

<< -
&t BIFARREEGDT-FI7IMNELHLT LY

0.=15°
) JE#T
it B 5% 2°
Shear wave 56 % 55°
(& ®)

Shear waveh', &5, BIr&bIKEL
HERDEEL., BEF1450m/s, IDC 1600 m/sé&L. Ff-. BEp=1g/cm3ELTEH,
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= Time Reversal D A& TEXR ‘
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! Young’s
i modulus
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i GOEkPa* Inclusion 60 kPa*
10 kPa* BG 10 kPa*

*Given by manufacturer
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BTG AIZBE T S8

1. Shear waveD{RIEE R Z & HHB 45 4 5T M %

T

=2

mL&

2. Shear wave Z AL\ -EfREE D RE T M D SR E L

3. Shear wave elastography(Z & 175 FF 5 1tpush pulseiZ D B F

< ACHECOEXT7URL >

B ORI S BEFESWEEZDFER

» RICEXREBEIZHL., BRIZCKY RSB ABTKIRRE (C) P4 2R (F)
< BESWEREER >

mean E = 62.8 kPa

< ROIZHITHC, >

mean Cs= 5.3 m/s
mean Cs=2.8 m/os

-ﬂo
8
6
I .i |' 4
2
= 0

mean Cs =4.5 m/s
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77 bA, BREIRTORER

y BRFa—TI7bLEE X KEAkZ AL V-Ex VivoEER

IEJ B L

1.5% 4 mm
2mm
2% t&E 8 mm o R
(/ NILOT7Y kL)

FEX1.5%IF Cs=5.3m/s,
FER2%IE Cs=7.3m/s)

HEE-HERI7URL  FNLambRETILTOHETE
» R LambiR E600HZLL E TH—T Doy Ta05
RBHINSCHE DT, £-ME DT, EERESEE ClambiRIZ & DR LEENMET TS

EXEE 1.5% 2%
— ¥k I7 R LTDC (mfs) 5.3+0.23 7.3+0.54

< EXI.5% F >mmmmm) < EXR2%BE >
5

emenee
< AE=8mm > !

OFa—7 OFa—7
— J1uMER| — Z4uMER|
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% 300 600 900 1200 600 900 1200
J& RS [Hz] £ [Hz]
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O Fa—7 OFa—7J
— Z4VhER | — Z4uMER |
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o . ] n 4 N ] T
14 % 300 600 900 1200 % 300 600 900 1200
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f5EE Ex VivoZEER

» BESWEE, Z£THREDEL K (n=5), IREZE (LambiREREE . n=5).
[EHEEER (n=3) DR Z LLER
» REZOHEEERSERABRELEZLENSD . REZOBENEEREL

<EH¥I1 > <i#H2>

150 150(
€100 € 100}
=X, =
B 1
S S
_’p 50J :\> 50t

WE REZE TR 0 SWE REZ% TR
oIS

T~ 4 RO STEIERE DM L

Shear wave Z LN =B DB IEHRIDFEER £ &
MG AIZEE T AFE




EEBUNEIZ X 5 FARRAR L £ O

s ] <ol == IR
H A\
&

» BEMSEDpushing time BE® 1005 L1 E ]
ARFl: 27.8 s (K. Nightingale, et al.,2003),
280-320 ps (B.). Fahey, et al.,2004)
100~200 pus (SSI)

of. BEDEFKIEEED/NILAE: ~lus

» BECKDSTO—THHIEDAEEME(?)
» EFEADREEE TN (?)

v

» KYBEWNA—XME (HAHWIFIEIRTEpush pulse) &5
shear wave imagingZ #R&t9 5,

1= 1Epush pulseix D B F

y BN E (B IR ISpush pulse TOME F 1 TSINEHIT3)
1[B]MDshear wave BFiRETAIIZ10 msLl EHhnE

l00E L EDEHEIT, HF Lt = JEIRZER)

‘\\//

» push pulselZRAE M ZFFFH1L

INILAEHESR T, KIRIED KYRLH  ERIEpush pulse T
I &y AT . push pulseT
push pulse &Rl D ZE fiz — b BSNT. BRI HEER
B ARICTRIILF—EDEL

EXHEERANACET, ENET M, faEEch SRR E R
TOREBNE



233

Push pulsefF 516 1C & A 50 IR E O 52#E
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o TF=1L (128bit GolayF2)
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A0 W TS
. , ; >t | 4[]
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=HBIRSR ¢ 0.28 sec
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BE7 7V b LOEYERSIT DEBERD LR

32.4mm

10 20 10 20 30 10 20 30
lateral(mm) lateral(mm) lateral(mm)

@5~ 7>~ b L (b)E—RS (C)FFFRENE  (d)32[INEFITE

B L7IEH 7 7 > b A ORISR O sk
A FHIARE ] O L

| fimESRY | SNR
BT I EY N e T e B A O 0.129sec | 14.5dB

AH{ERIIES (32-bit Golay Code) 0.258 sec  14.9dB
INE LY (32 average procedure) 1.28 sec 15.0 dB
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oY OBERMNHFTIECZOWT, FizicGEbonzmRiEs
<, WHETYH, 5RROBENPFHETE 5,

BOEEBNLRLE, SBROBEROLBN LD T -2 bERITHE
TWn5,

TuYxzrs bafE L TINEFRICER L, fFRERDH D LA T
5D,

W2 Rl

SRR I A AR I ER S, B+ kHz 25 MHz £ TO 7 —#
LHEONTEY, MARNZRERBREV, T—v&EFELLTT —
FREHEEs, FEEOLLIMRLE L THADLTF LN TEY,
BRHOIC O AR TH 5,

EEROENRF#B TR, AHENRREBEZHG LI LT 2H 2K
AT, MRI L OE#HENRERZIEEZRLTEY, A2 WHHER
ERDTENMFETE S,

EFRRIC bRl T 2 AN MBE 2 A LT TR, 4% bR
M HE R 2SI T & D,

ZLOMRABHEAEROLNTWT, SAH~DEEXGIEFTH 5,
AR ERORES, A& - BOEBERPHFTE 5,
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MEOBREDWRES B <, B WML L IR I
REMH LT, BROERSTOREORMASLS L, L0 b
YR,

HESHBMNER S NN E O »

N
I
4

BEWBE O DNA~DORE, BIOEERES FoBEE 0L
RIERHIZOW T, BREWHI M AN E LN, BEEOAKREZ S
PEOF RIS & L TCORBLEMINTE, I BER XL
ERENTE LT S,

A5 B K 2 WO LR P9 SR EE b o FHI & MRI & ff il L 72 &
WA OHETE & O MAIR e il 2 Bk Lo dH 5, AR TO
FEHICEES LI REOEALERARLETH D,

N
I

4

w

aTEYDRITHA RELTOBETEANHAOERICONT, B
BEWHENGEONZ, 05T, JRWHE T o —7 0mgkEIC
HERT 28N D D,

MLk OB S FHHNE, BRICHK THEMA SN TV D2, R EN &
<O AHORSZ WV, ABFZEIE, SO L E R D mA L
WO R REMIE DR ICE T 2 EMBI R Z A A, BAEN & < Ek
ShlEERD,

et R g - THAIE - THeEEME - THEME)
ISR

BT I X2 DNA “ESHUIB O A = X AZO 0 THhERN
RARANEONTZ, BEREZHOLB~DEEIZONTOHY
FERIZ, TEHCOWZIELER, FREAE L BEERNICESE
R ThH D,

BE B & D AR O BV PERR I & F A AR O B AL, Al
BT THRIERZRRATH D, KR TIE, TOERLE 2D
ERIDFJERR R G DT,

N
I

4

w

BEROEZFELOH/BONDLERICEKFA L TRITT 220U N
RETLIBEEODHHR, LICTDOFT T 7 MEITH
L BRESH B EomWwWmR LB D,

AWFZEIL, THETERBBOL R VEMGE (B LE) OBF KKk
WRFEICEAT 2 H BB WEET — X 2Rt L, 2. AW
FTNER-RE L% 51k push pulse BREIEIZ., RO AEICERE L T
VN 2 B ke O BRI R REAM IR IS BN T A b e b L D D IEHE e
WF 72 ke F & FR A L 72,

Frkz Hoic Afgxie T4 "2 k)

AW L DS 7 LA X DNA —SHEYIW 25 M3 2 EBR RO
MeSL & 2 DOF O, BERARMEHOBEBIZRE A X
7 ba b z27-, £7. in vitro 25 in vivo F THE K O L &M%
RAWIZEG L 5 2028 s O TR X, AR O M5 3 =5 O fF 3k
MARRERBIIRKELSFELET D,
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AR OBWMERRE & F WA T TERIC AR VETET R A RE R TH
V. ZRBRROAEH LR ESLEKRZENCIEM T2 L5122
iE, 204 X7 MEREWN,

ARFZEDOHF R, BEROERICH ZIZ O LT D RIE VIS
firicErsn DTN D 5,

AWFFENT K 2 AR OB E W AR O o AT iE SR IE. ek ES ST
W B OBMERBEENZ ORI RIETHELZHL NI LE, K
FE CTHE R S LT R~ D £F 51k push pulse HGH{EIL. shear
wave elastography O EFICEH T 2 2 LB HHFE I D,

TR 72 BB~ T K5

B RIS ISR T 5220221, EE M E O R
EEBIT, ABLEICEELEZRDILME SN EILELNL D, K
HEZILD2ZOZOOWENSOEEIZ, PREORROERE L
EEHEBICERT 2 Z ERMfEs NS,

AR O M AEM ST, BESRIEMRKEZICD &F
D BIR D AR IRAIZ W 120 Tra <L RN BV MR R M 0 AR B O B
JE M E I & MRI O ff fl O 0S8 IS 70 &0 & IR W 8 K 2 R
WEZBND,

AR TayEYNLHELNTLMALIZIZHRRAEELZATEY
SR BESNTZRHER 70— 7 OBHEREL T TR, BEK
DEFICH 2L T & D05 RS ]I A S D rTREME R
B 5,

B e 5 RN BE I B HRIE D B2 Wi fEb it Ty 5 23,
RKIFFETREINTZEBHT — XX, ZO@EKOELWHEEIZEHBR
5 LI N D, & 51t push pulse H 51X, shear wave
elastography @ L W ERWVWEBIICERE T L5747 47 TH Y,
FEHAPHHFIND,

BEWOERICHICHAT TOEEOTAT 4 T HRAIKEhTE
V. Rk T E A~ DR MIEDBHFIND,

AE M MAEIL, RERICENTZEBRZEETH DD, £ OERE
MICIFELEAHDOR S E o7, ABFFRIT, BEBRRBIICXLD
DNA "SI O T L BWmicB i 2 EEHIZONTEZL D
Bz bl b U, 8O LKL 2D FEHL R O TR b i Y]
D 5T,

BERIC X DN OREEA(L & FH oA OFHE & v D AR 72 7
AT 4 T BB LEMETH D, FEAICIE S SITHFZE DR~
BEREVLELTIN, ZOFVOOERELX—22, BEKO
AR EIEHOT LW BHOBRBIC SRR DA RBIENH 5,

avEYOBERAMMOEEBIZONTE S OBRERWE LGS
N, TO—MIFEMBEREEOB AL EICHK > b LAk
W, ZOWRMIBTA=—=7THY, 4%, SHICEZOBER LY
CEFT 2T AT 4TI s Z L2 HFT 2,
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TERNTEN RN Z Ly o 7= B ARk O 48 35 WG B M 12 > T ERE Y
MAEERMAL, 5%, BHERZEORER /e &~ Tk HEE
B, BUE. BRI NHED DD b 5 &R O B2 R M 3 ©
W, REHI O RSB L R CE T A IR0 EA LI o AN
HREEGT,

ENENDOT =< TRELLHFEREDN LY | FRERDH 50
FEEOERISH~O e v ML RS, R¥EBREDLT
FAMOBERGEA T, EERL Nz & Lol F W E LS5O
RELT, B OIERRUEFEB L AMBERAMEESND Z L%
W45,

HIEECHBIMNER SN2 E D D

HEQIZxh L CHFERERE NI T 2 203 2 1R JE D AR ZERL T
ERSARES Y e (%

25 O AERBVRFIE IS XD ARk~ 0 AL IS B D W FE 23T D AU
R RATED 2N IE S

FEIEREMICEITS A TWD

MFZEIIEF IS ZEIT STV D

MEORED & - [maItE) - T, - TEE)
(XU v b

DNAGIMrIZF vy BT —v a0 BN HFEESELTWLIENREINEL
72o SHBERBE~AEODLIRAY v ERBZLN DD FH
fFFnpvEEEZD

PRI L 0 Z eI oW TIEMBEE R > TWDERE A X I, O
R T2RERREINTZ, SHICMRITERZHEE S TW
HNRER~DOIEHE L TIEXIFIRER S EE R — 7 > N7 b &
EZ2605

HRMES @WK ~D A U » b o BARPE 2 T P I

BOBME, BENPEEICHEH K Z LITREFHEFT~VEELE
FLEZLH, ET-EBHEB~D SEW D& H 134 Fifl ik 25 <0 i 5 45
MG TE %

Whk& A RIEATl 112" k]

AR FEREVREDL ) RBERIZEDO L) R FETHA S
AUD DA DS 6 2

PRI @28 A Z T M D BRSO WAL O I E &2 £ O BRIR IS
IS5 D O MR S

FHRMELBEWVWREE~DO XY v h O BARMERKIT 5

ETOMREITHR~ORENICHZEZE SN TND
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4 TERB 72 BB~ T K3 3R
F—=1 B FERMEITEWE EZEZ 2N EHFERICAIHOBRMNEZLE LTS
F— 2 A BER IS AT RE & R AR BAERIE & 72 o TW AR B~k 28 JA
Eh b
F—=3 B FHRMELEWREE~D XY v h O BARMERKIT 5
F—=<4 A BOBME, BENEEICHEH K Z LITREFHEFT~VEELE
FLEZD
2K A ETOWETFER~OREBHICHZEELZEITEINL TS
5 A LA
F—=<1 A WFITIZIEFRICZIT IS N TWET, 5% OBKREH~DF M % 32 C
HVENDHDH EEZ ET,
F— 2 A MFEITNETRICZIT SN TWET, 5% OKIGH~0 B AR 7 5
BENTAHILENDHD EEZXFET,
F—=<3 B FHREITEVWRER~O AT v O BEERKRIT D
F—=<4 A BHOWETEHRRZRKO R ASCKRZ~OICHP/FENS, &
B g 25~ SEW O K5 B 1) LI AF R B Fx 7p & 97 45 il figk 25 <0 I 055
R, NEELORA R EICEIVIEIESISHTE S
2R A ETOMBIIHEE~OREBHNCHZZBEBLZEI TSN TWVD
E£E
1 BESCHMNERI NN E D
T—=<1 A, BRI X D2BWER - FEBVMER Z3EMicofrTcE T
%,
F— 2 A RO « FENENF M OBV K 2 &2k & Wkt 5 2
NN E Tz,
F—=<3 A ayE ) OBEEFMBICOWTEEMZR N2 S, BEIEHO
Al REME S BAME I S T,
F—=<4 A BECHEEICH SN TWS HTHMTER S TWET,
2 MEORED &) - [matE) - TihdEr) - TEE)
(XU > b
F—=1 A DNA " HEHUIBr & WO LWL RO A2 LT,
F— 2 A AR ICTE R L7z A TR I A,




281

B OERERNDE FRRA~DIEMEZE L5 &V 9 W TIEIER M
AR TH O . BT o EBR B,

MR A28 B L7 s CIERICMAIN T4,

WREFHICRIEATE (1257 b

DNA " EHHYIW S ORHMBIRA D =X L 2W b0 L, &
MO VB E RS IERE AN O e 2 oR LT,

FEETTARERNEND MRIZ~y 7L L, RTLMR 272
WHEDDY T NI A Ll a—wllAaabERLERENRIFL
WHERPEBBELET, ERICELARMEFELAVET,

WREICEDERMEGEZBELX T2 OFREMELR T L TV E
ﬁ—o

AINR O RR M TR ERBEIC R 5 03RRI LTS T
#) T TEE] T, BSOS EBICE T DR
HEFITII AW 2R CHEBT 2R mO TE VY, BT REEIC
Z U< g E AL, YRR B I AR RIS =SS x L TE W E
BERNDLVET, AFETELALHIESIN TR > Tol R 2
N—> GHFOFmEEHOREMIIIA D FENBEE STz aTaEE
NHY EJ, |

ok By 72 B~ T K 2 A

BET T RNV TCOZERERNT DL NLIZEST
WE 9,

e AR TR E QAR T, FriCEEK FICREREERE MIET
W OB R D72 £, AR TITBEIR 872 oh R AR AE R - A
PEJE B M O TREBJICBI B TS £, AzMmx23E00 Th<,
Bae®d Lo RFEPBANTEROMEISSICERD EEZ
b ET,

ERUN~DEIRICHMEZE L SEL0ETHY . BRRIT
WD TR WAFZEICALER T b s & BnET,

2016 FITHE F » I ARGEF 2 B T 2 EE I o B E W
BEDO—D2 & LTIHHEHANIHINET,

WTNBERNBLE TED DN TV DR TT 26 LRIk
WliZmWeBELbhET,

52 #F Ml

FAE N 0 A R 2 RERICHE T E 2 a0 & H
ORISR DD, S ORLMBMENLEENE T,

BEICEE LHIEFICMAINERECITOT, ML TlREZE
HLWHEMEIC SR TR & 720,

FHIZ A== R EDEEREFZITESL TEY . ROBFIERKR
MIEHIZHELHTT,

R A K — Y BEE O B HIR R A P b L7 B S T 0 B A A
P —FEm VBT,
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HREZY = FF5@N T2 2L Bk,

4 BE 3 o R AR R

2016 4E B
AZEZE

FHZINE
28 ¥

40T XTOT —<BENIOEKNFT OS] L EEE L T D,
HADT = DOPTOH L DOHIZEE OEFIZH2ZHMEICL TV
HGREELWVWLEEZONDD, WA TL X 50

HEANME
&

KxDT—<IZHALTEHEFORRLIIEFIZEZL, ZLOEFAME
BIZHBRE LTV D.
MbolBEFMEELLTOMET —~ (RE) 2RICEEDHTE
WCLTHEWEZ L, F2x0HBEFOWREOMBESITNSNY HL R
> 7,

IHIIZ, MMEZBELTCEKRTDIAMGBZT LML TIEES TT
My THIZTERFOHERSKICLEDLL ZEEBEBWnET,

Fe %2 R

Rk 28 AR 1L 4000 FH O K ISR L, A FEAT & R MERE o B
26, EHESE 114, EBERNFSNEBE 48 LW Z & T,
2L OB ERT ORI E B VTS,
TNHDEFEO - BEROLME TCHXE L,

BERMOEILFEM G ENHE L ENLTHDER, 5% OEROKEE
D=DITE, WINRbLEFICEER T —~EE20NHHDL KX
W, BTNV EBHHARERERT LT AN —IZER L LEWVE
7,

(D) [EB)] 2o N7 EMWIEZIZTEIHLTE, WEWEIBIFHED
ERIERHZBER T IBEBICA-TEEILND,

(2) [&)11] DNA G1lr[El#1 B 3 2 <L AR FEHE O W€ 7 v
R, ERFERZES A TWVWAHAIZLIEIRVWHERTSLEZEZ DN
5, ZTOXOEFEAD 0.2 (M7 7 7OEE) 1M TREDLDT
Lxoh. ZoRbiBREnzEFRnunnt BnEd,

(3) [/hii] EBRM»o REAEERMEwmE2EIHL WD L BT
T, ZnbE, ALK EHWTCRERT S L &5, BB RMH S
B EBRWET,

IOTF—~bLREFEEHLLOT, MENS KT WEBRNET,

(1) [#Kih - MRI] MRI [FR R &3 7 v — 7 OB IC K X 725k
EnEoni-Buvx4,

(2) [kl B A X —2 0 7] 5% D in vivo O #EiH FEERP
BE RIS IR Lo & B F 9,

AWFFEIL, 20 ) OBNZESFLERADZIEHT 5, v ) BE
DEETEZTIZIELITLANTWVWARWVWITETH Y, 5BICTKWICHIR;
T&E 5,

(1) [FRHE] EBRICEH L TRETE T IR TV D21 [ x 77,
aEIMNLETHIHBERZ T TR, avE) OBER TOME
BENE=XTEDHE, FEDNEDLIICEWETRE, 25 LE
FESDHZEFIREHELNTL XD D,
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T—~ 4 A | AERMEEzHRONES ZRRL, TRNBOBEHSERLE, KO