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B S (High Intensity Focused Ultrasound: HIFU) &, ZORE D & 5tk
PHfEENTwD. —F, BRI EEEOMREEREGRRE LT, FEmE oER % Hi
LL72DDZEDINTE THA L FEFRITEINTVDDS, WE LT SNIEHE T V.
e, bhvbhidm b REEEOREEL LTHIFU XA TH L L% 2, BiWEBTT
WERWTE ST RERIERETo72. B@FMEE TS, SPOHBERE ((RE 25 ~ 30kg,
M) ORI A WA, BHL, BEEOBERE W4 L LT HIFU RE G FH x3 1)
FATo 7z W L2IRE)71&, JE¥eEk 444 MHz, 042 mm b D TH S, 2o HIFU
TEGF 24562 7, 14 HICRBRICAE LTI, 3T 0519 2 AHIcIBET LAz 28 H £ 12 il
MEZ R LERZNE L, 2, B E 28 HRICEDROELE 2r-cm) B X UEY
Mt#EE (v - cm/sec) il L, MKz (60 wriv - ml/min) 25 M L7z BEIIRO Mt =
5 [T RTUITMAD 2300, WARIIEE IO 1.7~ 827 (F¥52) % TH o 72, 5T 4 P T,
HIFU HSHI OF 23IE SN R E SR A T 2 2 o 72, fifHh L2 B##k o HE 4t
T, HIFU B G501 PR 1S A& 72 BRI IR NS o L3R A WL % 328 72, Elastica van
Gieson #efClE, MENT 1 7V YIUEE, MEBEOMEI D D, BMMEOELIVRE S
7o MR OEE R ERICB VT, FHIROEHERN S A~O HIFU K lG 2479 2 & X
D, BB ETEEOREMEREOET NV E L, RIS E ) Bk itk TR 83%
WA L7z, ZoOfER»S, HIFU 25 RAMBIHHAEEOHRFRICIGH 5 2 LIk b, \itE
DANEED B IE VKBRS W 72 2 B 720 IR0 % [l LS 2 W Bk 2VRIE S 7z, HIFU JESHI K
BT, 2o ) K LHETTELLEVWAIFEDOHLZ b INEAELL, S5IC%48N,
FHr—EEOL LIV REEEEOTFERE LTHHEFRE LS.
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BN O ek & B BRI TG L 72, o Tk
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AREFFETIE, 7 FRERO B 2 5 VR AR #R A
FEDEFNE L, HIFU OKRBIRENC X % B4 %
D MG EWTRD AR % 54l - WRES L7z, 2 ofR, AT
B, BEERMGEER A TTH 0, I EIRE S
ZOEHRICD HIFU 24 HTd 5 WHEMEAURIE S
N7zDOTHET 5.
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1. FEEREY

KB (25 ~30kg D HAROBHME) %M,
HIENEIRICKT L CHiAT S 7z HIFU B o &
RadHli L7z, MREAREL, e ERE 2
EHE Bk 2 S22 M 12 S DMK A E 2 EETH
5. REBRTIE, 7HFEREEHRL ) RESN
H—o0NER L BT, ThEHEEL THRANEE
B, @ U AMARKTICEOS I LK), BHME
TEEN O KPR SRR A EIE O € 7
V& L7z EEIZE S5 PO WL

2. FEBHE

EHREE YOI, EEHREICLE TS
O —F CEORMEIRPEL, A% &%, Kt
~NBRL, efREARAERKTIRDERE T 72
EYRMBOFER, 2%FY 5V VER 1ml/
kg) % KBEZBICHEL 7212, 7+ —L ¥ 15% CHE
A, FTNE05~10% DWW ALETHERL, AF
ZHBMTHEEZAT) B, VA RYFIV 3%
B % 1 ml/kg EENTES L7z, 40C IR LA
L 7z AR BATHE K Tl 72 U 72 KR~ 7 3 FRER % Ik
O, KHZE S N EE A EEREETE= S —
LAa25, BRYENOIME % 512 HIFU B4 %
o7z, NS VAT 2 —FRBEAKTH- Lz >
TWZAN, By TENFT VAT a—Y—% K% HE
7 — A THF LMEREEZT- 7 (Fig. 2).

fif] L7z HIFU b5 ¥ 25 2 —¥ (Hitachi) 1,
M2 38 mm, JWEE 444 MHz, £ 5 #E 42 mm,
T 07 X5 mm T, W{EBZKHYY =7 7 u—
7" (Phillips #:#¢ Envisor) ### L T 2% (Fig. 1).
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Fig. 1 HIFU procedure was performed underwater
after exposing theretroperitoneal space and
freely mobilizing the kidney with its vascular
pedicle within saline.

Therapeutic
probe

Diagnostic
imaging probe

Focus

/ Field of imaging

Fig. 2 We conducted the experiments using a specifi-
cally designed transducer (444 MHz, 38 mm
in diameter, focal distance of 42 mm)

DT VAT 22— % T 500mV OEHEE 80V
TR L, 345 kW/cm?® O5RE TG %47 - 72
AR oMmE X, Bk S50k L 7z of)
Mk CEIXEIIR, LailXEhIR, FRIXENIR, #IXEIR,
TXER) B LOE2 508K GEMBIIR) &L
7o 1 MoRERMIZ S BT chet=y—H
BWRHERED N T — v 7 TG IR % 72
A5FT, mARKSME LA (Fig 3). HEEmE I -
FROIME LY 3 e BIRL, WHHILEHE %5
JBEREN A~ L CHAIL 72, ShoofEx, 10
HOBSH»S 7HE, 14BHBZICHITHI 2 LITLD,
it 9 DETN ORI AT b7,
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Fig. 3 The images of berore (left) and after (right) HIFU irradiation:
The targeted blood flow is disappeared.

*HERE & LT HIFU SR L Mo 3 WD
X, 1EMITEIC 3 AR 2%, BHL
TR A K hICike, HIFU % BG83 %5
JRIEPI~BE L7z (Sham F4l7).

3. AHitizE A

1) BEFEhIR M

M GTaT & 28 HIRIC, Mz v Ty
ERABEOEE (cm) B X OFHMEEE (cm/
sec) ZRMHUIL, 2SOl SR (ml/min)
BHE L.

2) BER

A OMET LY 28 Hig, FEISY ¥ FiZaH
Wex A Tl 2 L, 2oEREZFHIL 7.

ek, MBI BWCH R, BEIIRIL &G
W1 LW ERRN 2) %175 7.

3) B AR Y A Al

Y FEWMERHBEZ, VA RYFIVORHE
P52 THL S 72 HHE o HE 3105 R,
Elastica van Gieson J¢tafiAR 2 ER L, AT NYET
il & 47 - 7=.

4) APEEE O FH

HIFU HSHICHE D G PHEB X VT OBEIID &
Mt L7z,

4. R ALE

FERAG R IM £ FHmEATEL, PN
It %€ 1Z Student’s t-test & Hl vy, fERREE 5% K &
Do THMAMHFIICE R L W L7z,
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1. BRI &

HIFU % M4 L 722 B AR O M 1, FRIES B
WH LTS PAITRTTRT 2D, AR, P
52 (£308) % Td -7z (Table 1). JEMEH DL
BRIk O MR, #1012 43THEML
Tw7z (Table 2). ZOIMEEKTIZOWTIE, |
WEEIIERFEoOMTEEEN RO LN (Fig
4). —J7, MEBERETIE, BERLEEZ 1 NERE
BINd A @A A 57z (Table 3).

2. HHEE

539 4 39T HIFU M (W) o ERIL,
FEMRGHE D) 1A IR SR S LAz, BRET
B oIRGB A EEIIE, 0898 +023 TH o
7z (Table 4).

T/, AEHOBHEFERTVIRLIMML TV
72 (Table 5).

3. HFoMMEEWEG (HE 44, Elastica van
Gieson 4eft)

JEAE BT & 5 HIFU SR o i H B RLRR
MRl cld, HE Jefl2C, WARMY 2 BUIRFHIRIZ B 1)
% i BLRANE OPLR, RANE B L OSREMEOIFEIE %
27z, Elastica van Gieson ¢t Cld, &N 7 4
7 YR, MAERE O 2 70, HIFU ORI
WEOAL ST, RIMIZ X A2ZLOMIEDRB I
7:. HIFU JEME B TIX, BMEZ2EDLDAT
H-7 (Fig. 5, 6).
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Table 1 HIFU-irradiated group: change of renal flow volume

Animal Day 0 Day 28 Decrese
a [ml/min] b [ml/min] (1=b/a) X100 [%]

#1 31.16 12.24 60.7

#2 28.08 4.86 827

#3 2592 13.6 476

#4 1897 6.22 67.3

#5 2531 24.89 17
Mean £ SD 52.0£30.8

Table 2 Non-irradiated group: change of renal flow volume

Animal Day 0 Day 28 Increase
a [ml/min] b [ml/min] (b/a—1) X100 [%]

#1 36.86 21.34 —421
#2 194 24.31 25.3
#3 21.61 22.67 49
#4 17.55 36.34 107
#5 21.54 37.13 72
Mean £ SD 334 £58.1

300 *

200

100 e

0 #

+ ‘ *p<0.05

HIFU-irradiated group ~ Non-irradiated group  control group

-100

Fig. 4 Change of renal aterial flow volume (%)

Table 3 Control group: change of the renal arterial flow volume

Animal Day 0 Day 28 Decrease
nima:
a [ml/min] b [ml/min] (1—b/a) X100 [%]
#1 24.27 20.66 14.9
#2 9.54 29.38 —208
#3 15.28 37.83 —1476
Mean = SD —1136*1153
4. B PHEORE 5. MLAMFRYALEE

HIFU R CoOAIHEE LT, &fICBFETmS By d, HIFU BSS00C HIFU JEREGH0IC
L O tH B M8 20 72 B W 4R T DM 2 R 7. L THROWMINZ Bz, EBRHIBDRL T
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Table 4 HIFU-irradiated group: renal weight difference (g) Table 5 Control group renal weight difference (g)
Animal right left left/right Animal right left left/right
number
#1 9.06 115 127
#2 112 74 0.66 #1 114 129 113
#3 114 105 0.92 #2 1094 1222 112
#4 112 9.34 0.83 #3 9.92 14.11 142
#5 172 139 0.81 Mean £ SD 122+0.17
Mean £ SD 0.90 £0.23

VA E i g
HIFU-irradiated kidney (HE, x2)  Kidney medulla (HE, x 250)
wedge-shaped change of dilation Dilation of renal tubule

of distal renal tubule

’ Sh Sl T - ; ¢
Elastica van Gieson stain (% 250) Kidney cortex (HE, x 250)
Intravascular fibrin formation and Necrosis of renal tubule and glomerulus
the hypotonia of the vascular wall,

that suggest the ischemic change

Fig. 5 Histological findings of the HIFU-irradiated kidneys

72 EdHY, HIFU G L W IREE L O FICIE,
BB & OB EEICBI AN A E A A
UZe o 7zhs, HIFU HURRE TG & I8 5 22129
AL, EERIRAT LEE %R (Fig. 5).

Z =

e RARERATENE X, P B IR <0 1 Al B R
y = EHAMEE L, FAAL L7 a1s, MBI

Fig 6 Nonirradiated kidney (HE X2) Uit OFAE DI E > C, B4 I KIS
Congestive change of the entire renal parenchyma PR DD b DL A, EoT, ZDOF

620



54 R D 0D I U U BT R 2R O R AT

PEMAEBIIIERICHETH Y,
GBS SN TE 7205,
BRANO LA HE > TV 5,

CHhFETETIET R
AR, & IR
ZOMEIILTO N

ZH 5.
EH T oS GR3) WML, o)
75% & DOWELH LN, BEIRFTRLICHS T

EIZYRMEMZ, BEZOLOICEET ST —FF
LW FHETHAZ LD SERENE L, kR
EREID) A7 ENEHRTE v, TRITH
L, SR ORI X 2 IREBHEREE LT, I
D F WBESIMT (radiofrequency ablation, RFA) %
JE 55 M55 D L —HF — B AT AT AT S T 529,
RFA IZDWTIE, M3 % 0EA DT e %2 Rg
THHREDASNZH?Y, ZOHROHRBER CEE
GAOHE (LMZE, FAEZEER~OEELR L) A8
MR E, BAEREBLALTbDR TR, L—1—
FATHRIBNIAE E N T3, SO
BEOMICL o T ZORRIEIARETHD, WF 2R
R E I EZ SN TV RV, ZTASWTROT
B, BHAEEER A L C e AIRIRICEEERET 5
BOTHY, REHEOBULLMEL SN TV,
JTAE HIFU IS LT, #MEETVICBIT % Ik
WCHRE DY, B KBRE IR & AR & L 22
RMLFEER AR D ME SN THB DY, LK%
M CRERY A~ JAE IR 5 23T Ak 2 HIFU G982 A
NH7-NTn5b,

HIFU i, # ®#AE R cavitation fEAIC L 1,
TGN S & 7 MLk A B, A5
FHTH L. BV T ETELR & ORI
LiHEL LTI CIRBRIBHEhTBY™Y, 20
REMIZELEDO SN T WS, T 7L BT O I,
fili, RIS O FE NS IR L, 2 ORI % B,
VS DEAGE S NY, SHICmEENRE
L7zHG8 i, MatElnic X ) & o sZRCsHI % 35T
KELRROH B EDHILTWBY,

Llb b, s RAB S IEEO HIFU #
S X BN MERY FROMELZHE LT,
Wl XEBRETNVEEE L. AEBRET IV
&, BRI A 2 PN B IR R0 IR AR AL R & A7
TAHIET, HIEEX e LiEEKpicBrh
B EEKPOREMERSEEOET VL L.
AREBRETIVIE, ZOFNINEGHOIMG % HIFU
WX DEWL, TofRHElomkzgdbs¢s2 L
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DN & Z DR %I 5 5o HIIZHE LT
LL#EzZ A REBROFTERICE, vHFRET, #%
PERE X D o R - BN IKFIC BN B DS,
PRIGE AR DK 25% A5 A T 5 ML i & 72 i35 T
HHrZLELHITFOLNS.

REFFETIE, o HIFU WS & 455 ok i 52
%, PRGSO SRS S R LT 4 ARMICh 7z
D AEFREEN - AN RORBIE 2T TV 5. Tl
L7z & 912, HIFU 12 & 5 MFERTRIF oW T
3% L DREEDMTHON TV B, SIS fFe T
R 22 BB AR SN2 DI ARG TE b
n5.

LSEOEBTIX, TFNWVELRS75FH 4T (#2,
3, 4, 5) T, HIFU MBS X 2 MM 35880 &
N7z 727201, EFI)V #1 TlZ HIFU BEIE o Ik
WIIWMA U722, FEREF LML, BFHEEITR
BOTHBEIML Twi ZoERKTIE, HIFU®
MFE IR R EAA 5T, BHBRIEIC X 2 B2
HIFU BSHC X 2 M~ 052 % Lh Y, #ERc
HEaSWMLEbnEEZTwS, Zhid, Sham
T, TbbAEMARKPIREEL L72OAT
HIFU Bgt %2 1Tb o 722 B W T H EEOHN
s H SN, FORMETMEMEE Mz &I
WL EOEREEZEZ SN2 TH D, —
75, MFEOBDBITE A EASNL o ET NV
#5ICE LTI, MIE oM 72%HmL, &
BERICEIMELTWS, ZHUE, B oA
A E DG E & 72 L, WIS o & 25
WHNIED L7270 Z 2 TW5.

bbb, ZOEEBETFTIVIZEBITLEORMS
IR 4T > TV 5. IAF 2 BRI HRG L 7236
MEREOMLsZEENT 2 Li3InETHON
TWaY, SEOEE,SES R CoR
#HTH 72 5 FEOMMEALS L OIRME OIRIE, Z
D—HBARAICBRIROIMRE R L Tz 2 &b
5, HIFU OfERMFEBICB I 2 HBENEEOAL S
9, MENORFHNC X 2Bl E o) ZRE
ILHHEG LR EEZONL. T bl
A L-ENIE, HIFU OEENEEOAR ST, i
EHEICXL 2 TRIEEDLMb > Twb EWZ Y,

Al R TN % G VI o T BT A 1S T B
L72B3S, BB 03 XTIk L 2wk Tl
(debulking) ®ATH, AR OEEEEKR T
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TWw20, FEEIZIEEIES 1 HIFU 234 & -3
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HRO—HTH-72L LTH, EEARKOBE, 0
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ODAREDOYFHETHZ EPHFTE 5.

4%, HIFU % BRMICIZ B oE#RE L LR
WEFRICE AT 2508, METTREFEIFERINT
W5, HIFU ORKOERIE, RET20EMFT
DFEREYE LOMARICKE L HBEL 52 2V EICH
. L, BEE SEEEORLZLZWEOER
ZHMT ABICEITL, FWIEEOKWYE Tk
FEIANF-—OREEETLIHEA» DL L
5, HIFU OFEREKCSTERE O R 55 LWL
ROMOWGMAEDNET 2 541%, HIFU oS
WX v, ZhE To HIFU OB 55 o 4 0FiE
ELTBGOWMEN L L AON LAY 20 %
HZALD—2, LT, ZORIZLBHEND D
LEZLNTWA., BROMESHEEE N E L
A, FORBRR LICH DML, Aok
5 - BRE FErRE EKICH S BT
D, FEOWNEDOEDIHLFHITH DL, Zo8
R C AV F =AW S ARG Z & 7230 &
IHH L. FWOFERE L TOREREITNCL S
B O E % AR IR 5 729121, HIFU ©
G5 1) % BRI O FEATIC T & B IR ) /EISED
FAHZE, MRICED LD BT Tu—F% HIEIZT
LT ARBEOMEILEINS.

5, BEEASRA~OEERN 2 EELZE IR
o, RO - R TR Lo MEIC X
D HEDER 2 ST N EOA L ST, EIE L
M ICEERDTONTVELEATH-TDH, B
B AR OB 52 D REMEIIEAET 210 LN
ORI, wh, LM, ICMER R, B
e, SR, AFEEEAMIET AH720, IS G
NOWBER/ANRICEED LI EIIATREVR 5.

REBORIKRIFER L LT, HIFU O RE AN
VBRI & 0 &AL 0 B2 b B AT H 7.
o T, BMIEZF OB D A7 & 3 mAMIC S 15
Bk ST B REEELWAEVMEL WX 9 IHER

AINF - EPEELLENHS ).
¥ 72, HIFU B OFH TR EEEZHIREZ
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I3 D B 2 BRI BT, 398 S 2 B
N OB E IR 58~ HIFU Y FEEIC X 0, JRIE
MEEHBHFEEOE T IV E LIZBE~OMijte % ik KT
RI83N WP LI ENTE, ZORENDS,
4 1% HIFU B3 & s R AL 2 584 T HE o0 36956 12
THIEILLD, TOHEIETD 2 mih O E

LIaRAKREIC W2 2 EiEfbo#EE, FERNTT
SHIE LSS X912k b W CTE& 5. HIFU I,
R T, DOREL THifTTE % &) FlEAH
52E00, ZOTFHOZENE - HIFEMEE S50
DHTEIZXY, SRIIKEMEBEGHRED ) 2 TH
HaFHEBbTHA .
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BLOOD VESSEL OCCLUSION USING HIGH-INTENSITY FOCUSED
ULTRASOUND (HIFU): MINIMALLY INVASIVE TREATMENT
OF FETAL TUMORS

Sayo HOTTA and Akira TOKI

Division Pediatric Surgery, Department Surgery, Showa University School of Medicine

Tetsuko ISHII, Hiromasa YAMASHITA, Takashi KAKIMOTO
and Toshio CHIBA

Department Clinical Research and Development, National Center for Child Health and Development

Abstract —— In general, fetuses with sacrococcygeal teratoma (SCT) are at risk of high output car-
diac failure with hydrops. The aim of this study was to evaluate feasibility of high-intensity focused
ultrasound (HIFU) for minimally invasive treatment of fetal SCT. HIFU is an acoustic technique that
utilizes the ultrasound power to exclusively thermocoagulate target tissues without damaging its overly-
ing and underlying organs or tissues.

In our study, all animal experiments were conducted under general anesthesia using a specifically de-
signed transducer (444 MHz, 38 mm in diameter, focal distance of 42 mm). With the use of five Japa-
nese white rabbits, three intrarenal arterial branches were targeted and coagulated (day 0). Each HIFU
procedure was performed underwater (in saline) after freely mobilizing the left kidney (with its vascular
pedicle) from surgically exposed retroperitoneal space. Likewise, on postoperative day 7 and 14, the
intrarenal arterial branches underwent HIFU irradiation. Before and after each HIFU procedure, flow
velocity of the hilar renal artery was measured using color flow Doppler. These experimental animals
were sacrificed on postoperative day 28. Immediately after sacrifice, each harvested kidney was grossly
inspected and weighed with the following histological examination of the irradiated (left) as well as non-
irradiated (right) kidneys. In all five experimental animals, renal arterial flow velocity soon decreased
after HIFU procedures and in four, the irradiated kidney weighed significantly less as compared with
each contralateral kidney. In summary, HIFU irradiation successfully reduced blood flow of the targeted
renal arteries. Thus, HIFU is expected to be useful for occluding feeding blood vessels of the tissues. In
conclusion, HIFU irradiation is likely to become an effective and minimally invasive means of treating in-
traamniotic fetal tumors.

Key words: high intensity focused ultrasound; HIFU, minimally invasive therapy, intrauterine therapy,
fetal tumor, blood flow occlusion
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