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EEEAERE 7o —TREROHEEEKRELTHT
W57 Y, ZRSFRECEREOHE CREORMEZE L
EBLTNW3,

19

C-3. MRI #4 I HIFU /f

HIFU {RIZB W T, BERGRER~DORRZ
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TOBRBRVETHEIN IR HIFU BB *

20

RL LT ZAT, EDEABEDOBEOEERLHRESIE
BEKkTH5. @ik HIFU BRZELEL, ¥ )7
L—=varzLThb 6 BEROERTHDH, BB
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HIRINTHSCILREALLZSTWS. BIX, (@5
b 60 HOEBRTH I, RetoPRTEIZ, HIFU
FREHC X 5 EEMEGER & 1IIERITERIC, FEATRS
NIERERERTEESRB SN, Zn6DERIZLEY,
MR #—% 2 b U Z0Ff L7z HIFU 5 O "TREMEA VR
Shiz L RRRI, BRERE A Xxt#, MR $—% 2
N )RR EOBBES RV EEnT. S HITHERS
BEThod,

6 MR A4 FHIFUFERE (1)



i =
ot oo}

B7 MRAA FHIFUFERE (2)

C-4. bV H—HIFU BRBhHHT

HIFU {EROEITY - - Tid, TRFRBERIZE L 08
FRT RN —2ER I3 LR, GREBREDR
FECHEET DAEFERICBETRE RV —0FE
EHEZRWILHPEETHD. ZD7=H, HIFU k8
FeBAERNICERBREL, HDEIVITEFHIENICLY
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ERPNBEBRTHY, BIRIIFECTT S rHAERIC
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FEIIBEEREL, BFELITAS YV X IRKE
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7o DI E X < HIFU ~y FZ BB rRE 2B R D
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AT LOL2KEE Fig. 1 IR T. 3D BEE S
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7=, EEEBEIZOVWTIE, HIFU ~y FIiZ¥%
Fv—AEBROMT, EEHrLIATREL, BEif
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C-2-3 Fu—JHiE 1 BHE
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HRABOKREEINO L+ RBEREGONLE
Z25. ¥, Tu—70OEEEREREX, HIFU ©
ERFE#EENICBWTIRET 5 & 0.01:0.02[mm)
L2y, +HRBERELNATWS.

LU, HIFU b3 VAT 2 —HDOBHROIIE



HTH-o7=L LTH, HIFU DESNRIE LVMIE~
LEINDDNE, EREROEL AL ERICE
SWAEZMEL TS, Thbb, EBOAEATIE
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Improvement of HIFU positioning device for less invasive fetal treatment
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Toshio CHIBA® and Takeyoshi DOHI”
* Graduate School of Information Science and Technology, The University of Tokyo, Japan
o Department of Engineering, Tokyo Denki University, Japan
“ Clinical Research Center, National Center for Child Health and Development, Japan

Abstract: Fetus sacrococcygeal teratoma is a fatal disease which makes blood flow abnormal. Popular approach to
treatment is cutting off the teratoma, but it is high-invasive. HIFU(High Intensity focused ultrasound) can burn vessels and
stop blood flow without opening the abdominal cavity. Treatment with HIFU needs HIFU transducer which has movable
focus point and 3D-ultrasound probe to find target in real time. We developed positioning device which grasp them and
make up for focus movable range.

We improved 1st device, thinking of the result of evaluation experiment. Targets of improvement are rigidity, degree of
freedom and easiness of setup. 2nd device is proved useful for the treatment by accuracy experiment. This report contains the
relation between the force and displacement of the end of the device.

Key words:  HIFU, sacrococcygeal teratoma.
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Abstract

Fetus sacrococcygeal teratoma is a fatal disease which makes blood flow abnormal. Popular approach for this treatment is to cut the
teratoma off, nonetheless it is high-invasive with risks. So the use of HIFU(High Intensity focused ultrasound) is now attracting
attention because of its capability of burning vessels to stop blood flow without opening the uterine wall. For precise HIFU
treatment, HIFU transducer is required to have movable focus point under the guidance of 3D-ultrasound image, and to have more
rough movable area to find the target in real time. In this paper, we present a newly developed HIFU positioning robot which holds
a HIFU transducer and the US probe. [nitial evaluation test of positioning accuracy was performed and high precise positioning was

achieved.

© 2013 The Authors. Published by Elsevier B.V.
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1. Introduction

Fetus sacrococcygeal teratoma is a fatal disease [1].
Huge tumor grows at the lower back of the fetus, where
blood flow is concentrated inside, and the treatment of
removing the tumor is a high risk procedure. At present,
popular approach for this treatment is to cut the teratoma
off, however it is considered high-invasive with risks of
caesarotomy and sometimes other important tissues
including placenta in the uterine cavity are injured
during the procedure. To solve this problem, the use of
HIFU (High Intensity Focused Ultrasound) is attracting
much attention because it has a high capability of
burning vessels to stop blood flow without opening the
uterine wall, in order to stop the growth of the tumor.
(Fig. 1).

HIFU has been already used in clinical treatment such
as prostate cancer, uterine fibroids, and so on [2-4].
However, in case of applying prenatal sacrococcygeal

2212-8271© 2013 The Authors. Published by Elsevier B.V.

teratoma, the HIFU power transmission control becomes
more difficult because the target tumor vessels are
moved by floating in the uterine and by mother’s
breathing, and also there are important organs in the
surrounding area of the target vessel.

Thus for precise HIFU treatment, HIFU transducer
with 3D-ultrasound probe (shown in Fig. 2) is required
for having a movable focus point, and also having more
rough moving to find target. We developed the 1%
prototype of HIFU positioning robot shown in Fig. 3. It
has a 4DOF movement mechanism and can hold a
phased array HIFU transducer with a 3D ultrasound
probe for target observation.

In this paper, we developed a new HIFU positioning
robot with new mechanism which holds HIFU
transducer and the US probe as shown in Fig. 2. A tilting
angle is added to extend the approach path of the HIFU
transmission safely.
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Fig.1 Innovation of treatment with HIFU ( a)
conventional open surgery, b) treatment using HIFU
without open surgery )
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Fig.2 The assemblage of the 3D-US transducer and
HIFUprobe
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Fig.3 The 1* prototype robot

2. Mechanism of the robot
2.1. The prototype robot and the improvement poinis

The prototype robot was already developed and the
basic performances are evaluated in the previous study
[5]. Its features are as follows:

I.  The robot has totally 3 axis for translation: one
translation axis and two translation axis with
parallel link mechanism.

2. One rotation axis are attached on the tip of the
link for the US probe. Though the US probe can
take 3D image, the resolution of the image is not
isotropic and the rotation is needed to acquire
better imaging during the HIFU targeting.

3.  Operating range is 100mm x 100mm area on the
contact surface of the abdomen, and 50mm
depth.

4.  Maximum speed of the tip is 10mm/s at most for
each axis.

5. Positioning accuracy is less than 1mm, which is
the same with the resolution of US images.

6. Compact, light weighted design compared to
other HIFU positioning system.

7. Actuators are settled far from the body, though
it’s needless to sterilize the robot. It becomes
easier to detach the HIFU transducer from the
robot.

From the evaluation result, we designed the second
prototype of the robot. The main improvement points are
as follows:

1) Positioning accuracy with considering the load
on the tip.

In use, at the distal end of this mechanism, the
force from the water bag and the cable connected to
the probe and the HIFU transducer for transmitting
an ultrasonic wave is applied. The force will be
always changed corresponding to the pose of the
robot, the accuracy must be constantly maintained
under conditions of expected accuracy. In the 1%
prototype robot, we confirm its enough rigidity,
however, the displacement error caused by lateral
force is over Imm. This backlash was derived from
low rigidity of the links, and it can be reduced by
increasing the thickness of the links.

2) Additional DOF is applied to acquire wider
approach to the target. Especially adding the tilting
mechanism of the HIFU transducer is needed.

In order to realize easy sefting of the initial position,
one more DOF is needed for adjusting the height
and the tilting angle of the HIFU transducer.

3) Feasible design. Redesigning is needed for
feasibility, installation and assembly easier. In
particular for installation of the probe, we focus on
reducing the number of assembly steps.

Based on the above points, we designed the second
prototype robot described in the following section.

2.2. The second prototype robot design

There are several ways to add a tilting angle
movement of the HIFU transducer. Considering the load
to the distal end of the link, we added another link
mechanism to rotate the transducer. The merit of using
links is its compactness and its moving area which is
mechanically restricted to avoid unintended movement.
Fig. 4 shows the link mechanism of the robot.

The same mechanism with the 1 prototype (in Fig.
3) is applied for translating axis. Between two bottom



