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been giving a good survival and a low complication rate to the
twins. However, the narrow viewing area of endoscope used in the
treatment, makes difficult the identification of connecting vessels.
We have been developing placenta mappin g system to improve the
effectivity of the treatment. In this system, first we captured
images of placenta surface and make the model of placenta, then
performed 3D image mapping and displayed the placenta three-
dimensionally. Experimental results show that the system could
provide the overall image of placenta and help the surgeon in
performing identification of connecting vessels.

Keywords Laser photocoagulation treatment - Image distortion -
Active contour - Image mapping

1. Introduction

Twin-to-twin transfusion syndrome (TTTS) is a disease of the
placenta that affects identical twins who share a single placenta
(monochorionic pregnancy). The disease occurs when the shared
placenta contains abnormal blood vessels which connect the
twins, resulting in an imbalanced flow of one twin to another. The
implication of this condition, one fetus (the recipient) may get too
much blood, thereby overloading his or her cardiovascular sys-
tem, while the other fetus (the donor) may experience inadequate
supply of blood. If not treated, TTTS may bring a life threatening
condition to both of the twins, and those who survive may suffer
from many serious health problems.

Several types of technique have been developed for the syndrome’s
treatment. Laser photocoagulation is one of useful method, which
gives a good survival and a low complication rate to the twins. In
this method, a laser fiber and an endoscope are inserted into the
uterus. Under ultrasound and direct video guidance, specific ves-
sels that cause the blood-sharing problem are coagulated using the
laser fiber to stop the imbalanced flow of blood between the twins.
In current laser photocoagulation treatment, the connecting ves-
sels are identified by visual measurement based on endoscope
image. However, the narrow viewing area of endoscope makes the
surgeon difficult to grasp the whole picture of placenta and decide
whether the blood vessels that being observed is one of the con-
necting vessels or not. As a result, the surgical success relies on the
surgeon’s ability in memorizing the blood vasculatory system on
the placenta surface.

To improve the safety and accuracy of laser photocoagulation
treatment for TTTS, we proposed an image mapping system for
mapping the endoscope image to the placenta model. This system
will provide the overall image of placenta and enable the surgeon
to perform identification of the connecting vessels. In the next
section, first we introduce the system, then describe the methods
for implementing the system. We then describe the experimental
results in the following sections.

2. System introduction

Our image mapping system consists of an endoscope, an ultr-
asonograph device, a 3D position tracking system and a computer
(Fig. 1). We use the endoscope to capture images of placenta
surface, and the ultrasonograph to obtain the intra-operative
placenta. Then 3D position tracking system is used to obtain the
position and orientation of the endoscope and the probe of ultr-
asonograph. These position and orientation of the probe will be
used in estimating the position and orientation of placenta model.
All of the obtained data are transferred to the computer. Then we
correct the image distortion to make the endoscope images ready
to be mapped. The image correction is performed only to.the
image area of a circle shape. We extract this image area with the
use of active contour method. To map the images onto the pla-
centa, first we calculate the corresponding positions of points on
image data and placenta model. After obtaining the correspond-
ing positions, we map the images onto the placenta model, and
display the result in three-dimensional image. However, because
we require the position of focal point of endoscope in performing
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Fig. 1 Conceptual model of placenta mapping system

the image mapping, we calibrate the endoscope using point cor-
respondences.

3. Methods

3.1 Endoscope calibration

In calibrating the endoscope, we use pinhole camera model as the
endoscope model. Coordinate of point (X, ¥, Z) on test pattern
and its image (u, v) are related by :
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where fand (u, vp) are coordinate of focal point and optical point
of the lens.

To perform the calculation, we use a plane of test pattern which
is set to be perpendicular to the endoscope. Normal vector of the
test pattern then is set to be Z-axis, therefore the focal point can
be defined as Zy + fp, where Zo is the distance from the test
pattern to endoscope lens, and f; is the distance from the lens to
the focal point. To eliminate the effect of optical point, we
substract the coordinates of two observed points, so that we can
define the following equation. By using the least square method,
we can calculate the focal point (f) and the distance from lens to
focal point (f;). However, because there is a distortion (Fig. 2b)
in the endoscope image, we should correct this distortion first,
which will be describe in the next section, before starting the
calculation.

(c) Comected Image

(a) Test Pattern Image

(b) Endoscope Image

Fig. 2 Illustration of the effect of image distortion and result of
image correction. a Test pattern image that is used as the object, b
distorted image that is seen on the endoscope view, ¢ corrected
image resulting from the implementation of image correction
method
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(a) Placenta mooal

Fig. 3 Image of placenta model (a) and result of image mapping (b)
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3.2 Image area extraction and image correction

Correction of endoscope image is performed only to the figure in
the image area of a circle shape (Fig. 2b). To obtain the image
area, we use the active contour method [1l. However, active
contour is greatly affected by the existence of image noise. To
reduce the noise influence, first we pass the image through a low
pass filter of Fast Fourier Transformation (FFT). Then, we apply
the Gaussian filter onto the image to make blur the image, and
reduce the noise more.

After obtaining the image area, we need to correct the endoscope
image. This is because the using of fish-eye lens in the endoscope’s
camera make a barrel type spatial distortion due to wide-angle
configuration of the lens (Fig. 2b). Therefore, compensation for
this distortion is required in performing the image mapping to
enable accurate measurement and registration of features in
images. To correct the image distortion, first we compare the
position of intersection point of lines on the captured image with
those on the test pattern image, and then find the equation that
describes the relationship between them. Position of each point on
the captured image is measured from the optical center, which is
found with the use of a low power laser beam [2). The equation
that describe the relationship, then will be used in correcting the
position of every point on the captured image.

3.3 Texture mapping

In performing texture mapping, first we make the surface model of
the placenta as a structure composed of triangle patches. In this
study, we use MRI to substitute ultrasonograph, in modelling
placenta surface. Then by assuming the endoscope as a pinhole
camera model, we map every pixel on the images data onto the
triangle patches through the focal point of the endoscope.

The position of the focal point and the triangle patches is tracked
using a 3D position tracking system. The image position can be
calculated using the position of focal point. Then, to map every
image pixel, first we find the vector between the focal point and
pixel position. Using this vector, we calculate the position of every
image pixel on the plane of triangle patch and check whether the
position is inside the triangle patch or not. Then, if the position is
inside the triangle patch, we check whether the vector comes to the
front or back of the triangle patch. The image pixel’s corre-
sponding position on the placenta model will be found when the
vector comes to the front of triangle patch.
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4. Result

We plotted on a graph the distance and rotation degree of inter-

section points on the captured image against those on the test

pattern image. From the result, we knew that only the distance of
points were distorted, and the polynomial equation that describes

the distortion was r; = «(3x 107) r,? + (6 x 10%) r;? - 9.98 r -
1.04, where r, is the distance on the captured image and r; is the

distance on the test pattern image. By performing active contour

method, we could get the image area and successfully corrected the

image area automatically by using the above equation (Fig. 2c).

Furthermore, from the endoscope calibration we got the distance
from lens to focal point (fy) is 7.73 [mm] and focal distance (f) is
434.02 [pixel].

We used a placenta model, where we colored its surface with red
and blue colours to illustrate vein and artery, as the object in
performing experiment to test our placenta mapping system
(Fig. 3a). Then the placenta model was inserted into a container
which illustrated the uterus. We modelled the placenta surface
using 3D-Slicer, and converted the surface configuration to tri-
angle patches using ¥'TK. Furthermore, we mapped the corrected
endoscope images to the surface model. The result of mapped 28
images in three-dimensional image was generated using OpenGL
(Fig. 3b). From these results, we found that this mapping system
will be effective enough in providing a large-scale image of the
placenta and enabling a surgeon to get the information in
convenient way.

5. Conclusion

We developed a placenta mapping system for treatment of TTTS.
The feasibility evaluation shows that the system operation is
possible for intra-uterine TTTS treatment. The image mapping
system can provide three-dimensional large-scale image of pla-
centa surface, which enables surgeon to observe the blood vas-
culatory system. This can reduce the risk of missing the important
vessels in the treatment. In future works, we are going to improve
the accuracy of the image mapping and the quality of mapped
image by doing image enhancement to get a clearer endoscope
image. Furthermore, we are going to test the system in an in vivo
experiment.
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Conclusions

The learning process indicates an improvement in the endoscopic

skills of the subjects and confirns former studies {7]. Even after a

break of 1 week between run 10 and run 11, the test subjects

started on a significant better level than in the beginning.

The performance was not significantly better using haptic force

feedback additional to visual control in this simulation, neither

for time nor for collisions or economy of hand movement. This

might be due to the aim of the training which was “avoiding

collisions”. It might also be due to the large magnitude of

friction in trocars, as it was described by Lamata et al. [3] and

Picod et al. [5].

The lack of additional benefit of haptic force feedback on learning

curves may additionally be due to the limited steps of tissue

preparation in endoscopic third ventriculostomy. Furthermore a

collision with brain tissue produces a faint force which is often not

recognized by the test subject.

From our experiment we draw the conclusion, that for surgical

simulators with little tissue interaction or just small occurring

forces, haptic force feedback is not necessary.
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surgery: mechanical performance evaluations
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Abstract This paper proposes a miniature forceps bending
manipulator of 3.5 mm diameter for intrauterine fetal surgery. We
developed 2-DOFs horizontal and vertical bending mechanism
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driven by an original wire-guided driving method with tip’s part
wire-driven forceps mechanism. The manipuolator performed
high bending positioning accuracy of minimum 0.} mm and large
bending force of maximum 2.57 N, however at tip-side horizontal
bending mechanism, further improvement will be needed in link-
age driving efficiency. While grasping force of forceps mechanism
was 3.48 N, enabling sufficinet graps of tissues. In conclusion our
new manipulator has high mechanical performance, and reduction
of bending characteristic variations between bending DOFs can
realize more secure and stable maneuverability for fine surgical
procedures.

Keywords Forceps manipulator - Intrauterine fetal surgery -
Wire-guided linkage driving method

1. Introduction

Fetal surgery is operated on fetus in around 19-25 weeks of
pregnancy to treat fetal and placental morphologic defects, which
are diagnosable early before birth, by means of relatively simple
surgical procedures, and to stop their progressions into severe
states [1]. For minimal invasive surgery, intrauterine fetoscopic
surgery is very effective like laparoscopic surgery, however,
instruments’ insertion into uterus is limited by placental location,
especially in case of anteriorly located placenta. Furthermore in
therapy of fetal disease including myelomeningocele, because fetus
is floating in amniotic fluid, fetoscopic surgical procedure is se-
verely difficult. Therefore, conventionally ex utero intrapartum
treatment procedures (EXIT) are operated popularly, however
possibilities of infection, complication, premature birth and
membrane rupture are high and their outcomes are poor. For the
solution of these difficulties, it is useful to add multi degrees-of-
freedom (DOFs) to the conventional straight-shape instruments in
order to enable flexible maneuverability in the uterus.

The purpose of this study is to develop a miniature manipulator
with 2-DOFs bending mechanism driven by wire-guided linkage
driving method. For an end-effector, a wire-driven forceps
mechanism is mounted on the tip part of bending mechanism for
highly successful intrauterine typical surgical procedure. The re-
sults of mechanical performance evaluations are also presented.
2. Materials and methods

2.1 Bending mechanism

Bending mechanism is based on previously reported basic concept
[2, 3], which consists of a finger-like multi-joint structure consisted
of three frames and two joints (Fig. 1). Tip-side Framel and base-
side Frame3 are in contact with each other at both arc parts and
jointed by intermediate Frame2, which is driven by a linkage’s
pushing/pulling linear motion. Framel and Frame3 are also
connected by a pair of stainless-sieel wire-ropes (Wire-rope A and
B), which is crossing at the contact point for slip-less bending
motion between Framel and Frame3 from —90° to 90°. Unlike
recently reported wire-driven mechanisms, a pair of wire-ropes in
this mechanism has low risk of its wear and tear caused by re-

{31 Contact point

Wire-rope

Framel /
—;——\ S,

PR )
Fig. 1 Bending mechanism driven by wire-guided linkage driving
method
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Fig. 2 a System configuration of the miniature bending manip-
ulator. b Tip’s part of the multi-DOFs end-effector and e detail of
the wire-driven forceps mechanism

peated or powerful strain. The manipulator consists of connection
of two bending mechanisms in a line. Base-side mechanism is
assigned to vertical bending motion and tip-side mechanism is
assigned to horizontal bending motion.

2.2 System configuration

System configuration of the manipulator consists of four parts
(Fig. 2a). The first part is the multi-DOFs end-effector with
lwo-directional bending mechanism and forceps mechanism
(Fig. 2b). Diameter of this part is 3.5 mm. The second part is
the linear-drive unit including two AC-servo linear actuators
with high-resolution encoders which enable accurate PD-feed-
back control of linkage-driven bending mechanism. The third
part is the grip-type interface with a Jjoystick to control 2-DOFs
bending angles and a grip to open/close forceps in one hand.
The last part is the computer-based control unit. This part
caleulates required displacements of linkages for 2-DOFs
bending motion inputted from the joystick and outputs signals
to control the linear-drive unit.
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Fig. 3 Results of bending characteristics measurements (N = 3).
a Hysteresis curves of base-side bending motion in case tip-side
bending angle is set to 0°, 90° and -90°. b Hysteresis curves of tip-
side bending motion in case base-side bending angle is set to 0°,
90° and -9¢°

The multi-DOFs end-effector and the linear-drive unit are easily
separable for cleaning and sterilization for clinical application.
Total weight of the manipulator without any electric cables was
507 g, which realizes easy and flexible maneuverability for fine
intrauterine fetal surgery.

About an end-effector as shown in Fig. 2c, the forceps mechanism

is driven by a stainless-steel wire-rope. Pulling a tractional rod to
slide along circular slits on the forceps blades by wire-ropes”
straining rotates a pair of forceps blades to close, and torsion
Spring’s restoring force reverses a pair of forceps blades to open.
Wire-ropes pass through a central channel of cylindrical frames.
This forceps part is detachable from tip’s frame and its function is
exchangeable into such as shears and exfoliation forceps by
change of blades’ shape.

3. Results .

In mechanical performance evaluations, at first we examined
bending characteristics including bending range, bending repeat-
ability error and tip’s part positioning accuracy of the manipulator.
Parameter in these measurements was the other DOF bending an-
gle, which was fixed to 0°, 90° and -90°. We changed target bending
angle in 10° step starting from 90° to 0°, -90°, 0°, and finally re-
turned to 90° with five times repeatedly (Fig. 3). Bending angles
were measured by an optical measurement instrument (FUJIFILM
Corporation, FinePix F11), which had no distortion and high res-
olution of 0.07 mm. In base-side vertical bending motion, bending
ranges were large despite tip-side horizontal bending angle, which
were maximum 150.9°. Bending repeatability errors were small,
which were minimum 0.4 + 0.3 mm, corresponding to high posi-
tioning accuracy of minimum 0.2 + 0.1 mm error. In tip-side
horizontal bending motion, bending ranges were maximum 111.9°,
which was smaller than one in base-side bending mechanism, and
especially in case base-side vertical bending angle was £ 90° bending
ranges were smaller considerably. However, bending repeatability
errors were minimum 0.5 + 0.2°, corresponding to higher posi-
tioning accuracy of minimum 0.1 + 0.1 mm for intrauterine fine
surgical procedures.

Next we examined bending force and torque of each bending
DOF by a digital force gauge (NIDEC-SHINPO Corporation,
FGP-2), of which resolution was 0.01 N, with ten times
repeatedly. Bending directions were 0°-90° and 0° to -90°. In
base-side vertical bending motion, bending force was maximum
257 £ 0.17 N, corresponding to bending torque of
68.72 £ 4.54 Nmm. And in tip-side horizontal bending motion,
bending force was maximum 0.78 + 0.01 N, corresponding to
bending torque of 12.74 + 0.17 Nmm. Performance in base-side
vertical bending mechanism was high for its miniature diameter,
however on the other hand, performance of tip-side horizontal
bending mechanism was low because of low efficiency of power
transmission from the link to rotational frames.

Finally we examined grasping force and torque of forceps mech-
anism driven by interface’s handling with ten times repeatedly.
This measurement was carried out by the same digital force gauge.
Grasping force was 3.48 £ 0.18 N, corresponding to grasping
torque of 17.40 + 0.88 Nmmi, enabling stable grasp of normal
interperitoneal tissues [4]. However in practical fetal surgery, tis-
sues are generally very fragile therefore it’s necessary to do future
sufficient validation with in vivo experiments.

4. Conclusion

Diameter of the manipulator is small snough for intrauterine
surgery, which includes a sufficient central channel space to pass
through wire-ropes to drive forceps blades’ motion. From
mechanical performance evaluations, repeatability of 2-DOFs
bending motion is very high with enough positioning accuracy for
fine surgical procedures. On the other hand bending rangss are
largely different in bending mechanism. Particularly bendin.g
range of tip-side horizontal bending mechanism is small. so this

i .
2] Springer




5202

Int J CARS (2007) 2 (Suppl 1):S191-S203

mechanism needs improvement especially in power transmission.
In practical fetoscopic surgery, operability of tip-side bending
mechanism is significant because it is close to the affected part,
therefore reduction of performance variation in bending mecha-
nisms can realize more secure and stable maneuverability for fine
intrauterine fetal surgery.
A part of this work was supported by Health and Labour Sciences
Research Grants in 05 (Research on medical devices for analyz-
ing, supporting and substituting the function of human body;
H17-Physi-006), FY2005 JSPS Grants-in-Aid for Scientific Re-
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Research Fellowships of the Japan Society for the Promotion of
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Abstract Selecting proper port positions for laparoscopic proce-
dures is crucial to the success of the intervention. When per-
forming minimally invasive procedures with a telemanipulator
system, the positions and configurations of the robot arms are
equally important. Preoperatively planning the setup can help
solving these issues. For abdominal interventions the insufflation
of the patient’s abdomen prevents the direct use of the planned
data. In this paper we present a system to plan and transfer the
setup for abdominal minimally invasive procedures. Our system is
composed of a preoperative planning module and an intraopera-
tive registration and transfer module. A first version of the pre-
operative planning module was developed, which enables the
surgeon to position the trocars and—in case of a robot based
procedure—to arrange the robot system to get a configuration
without possible collisions that offers good reachability and flex-
ibility. The planned trocar positions are transferred into the
operating room using projector based augmented reality tech-
niques. The intraoperative module is used to register the patient to
the preoperative data. to record the changes of the abdomen due
to the insufflation and finally to project the adjusted planned
trocar positions directly onto the patient’s abdomen. An evalua-
tion with a torso phantom showed acceptable accuracy.
Keywords Augmented reality Computer-assisted surgery
Minimally invasive robotic surgery - Surgical planning.

1. Introduction

Choosing good trocar positions for laparoscopic procedures is
very important for a fast and straightforward operation. For
minimally invasive interventions performed with a telemanipula-

@ Springer

tor system like the da Vinci™ surgical system (Intuitive Surgical

Inc.) the placement of the robot base and the configuration of the

arms are equally important and even more difficult. Poor choices

for trocar positions or the manipulator configuration often result

in prolonged operation times and additional ports may be nec-

essary to complete the operation. Especially time-consuming is the

introduction of an extra port when using a master slave telema-

nipulator system as the surgeon has to switch between the

unsterile master console and the sterile operating table.

Using preoperative planning for the setup can help solving these

problems. Several approaches have been proposed to plan port

positions and robot configurations for a given intervention and a
specific patient model. These methods include automatic optimi-

zations [1-4] and planning using virtual environments and simu-
lation methods [5, 6).

Transferring the planned positions to the operating room can be
achieved with navigated instruments [1, 2] or augmented reality
techniques [3, 5]. However, for abdominal procedures the insuf-
flation of the patient’s abdomen has to be taken into consider-
ation. For these interventions an additional step to adapt the
planned data to the changed environment has to be performed
intraoperatively.

We propose a system that enables the surgeon to quickly plan
operations preoperatively by using templates for specific inter-
ventions and patient classes and that has an intraoperative com-
ponent which adapts the planned data to changed conditions in
the operating room (e.g. an insufflated patient).

2. Methods

Our system is composed of a preoperative planning module and a
mechanism to transfer the planned positions into the operating
room.

2.1 Preoperative planning

Prerequisite for the planning system is a patient specific model
which has to be obtained e.g. by segmenting preoperative CT,
MRI or 3d-ultrasound scans. At a minimum we require a geo-
metric model of the surface that will contain the trocars. However,
including additional models (e.g. of obstacles like bones) is rec-
ommended.

A first version of the preoperative planning module (Fig. 1a) was
developed enabling the surgeon to position the trocars and—in
case of a robot based procedure—to arrange the robot system to
get a configuration without possible collisions that offers good
reachability and dexterity. For this virtual environment the slave
part of the da Vinci surgical system was modeled geometrically.
A kinematical model was determined and the inverse kinematics
was derived allowing the surgeon to easily position and configure
the manipulator within the virtual operating room. Fast collision
detection and distance computation between geometric models
was implemented (Fig. 1b). For this purpose we are using
bounding volume hierarchies composed of oriented bounding
boxes [7]. This allows real time collision tests and distance com-
putations between the models in the virtual environment.

@ (b)

Fig. 1 a Planning port positions and manipulator configuratioi.
b Detecting collisions between arm segments
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Miniaturization of Balloon-Based Manipulator with Multiple Joints for

Stabilizing Intrauterine Fetus
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Abstract: This paper describes a miniaturized manipulator 4 mm in diameter with multiple joints for stabilizing a fetus for
intrauterine surgery. In order to limit the translation and rotation of the floating fetus in amniotic fluid, the manipulator with a balloon
holds fetal chest and abdomen ventrally from beneath. The manipulator has 3 bending mechanisms. A hook-like mechanism bends
manipulator with the balloon into an appropriate shape to support a fetus from beneath. A linkage mechanism is for tilting the

supporting plane of hook-like mechanism corresponding to incision point. A finger-like mechanism is for pinching the fetal waist to

t.

sufficiently small for keeping configuration of the manipulator.
Key words: Intrauterine fetal surgery, Stabilizer, Balloon, Myelomeningocele
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A Manipulator of a Laser Forceps for Twin-twin Transfusion Syndrome Therapy

-Design and Evaluation on Positioning Accuracy-

Y. Tada®, H. Yamashita®, K. Matsumiya® , H. Liao®, K. Masamune?, T. Chiba®, T. Dohi?

* Graduate School of Information Science and Technology, The University of Tokyo, Tokyo, Japan

b Department of Strategic Medicine, National Center -Jor Child Health and Development, Tokyo, Japan
¢ Graduate School of Engineering, The University of Tokyo, Tokyo, Japan
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Abstract: This paper reports a manipulator to locate a laser forceps, which has 2-DOFs bending mechanism at the tip, in 4-DOFs
(translation, rotation and pivot motion around a trocar) for fetoscopic laser photocoagulation therapy of twin-twin transfusion
syndrome. For safety, the manipulator using 5-bar linkage mechanism is designed for small occupancy of surgical space, and easier
sterilization with parts separation mechanism. To evaluate its performancé, we measured positioning accuracy of the 4-DOFs
mechanisms separately. The results shows that the positioning error was 1.220.5mm in 5-bar linkage mechanism, 0.05%0.01mm in
forceps translation, and 0.2+0.3° in forceps rotation. It is suggested that the positioning accuracy is enough for photocoagulation

therapy with proper value compensation for motion command.

Key words: Fetal surgery, Twin-twin transfusion syndrome, Manipulator
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Examination of pin’s design and fixed force of a patch for fetal

07(V)-22

myelomeningocele repair

A. IDE’, K. MASAMUNE?, K. MATSUMIYA®, H. LIAO®, T. DOHI*

a Graduate School of Information Science and Technology, The University of Tokyo, Tokyo,

Japan )

b Graduate School of Engineering,, The University of Tokyo, Tokyo, Japan
Abstract: Myelomeningocele (MMC) is a birth defect that the spinal cord and cord tip nerve are exposed before birth due
to insufficient closure of the spine. MMC causes secondary disabilities at the fetal period. The chemical stimulation of the
ammiotic fluid and the physical irritation of friction with the Uterine wall lead various neurological disorders. To prevent
these disorders, spina bifida defect is closed by surgical operation in the fetal period. However, because of the weakness of
the fetal skin, it is difficult to sew up a opening. For this background, a method to apply a patch to cover the spinal cord
has been proposed. In the fetoscopic surgery, simple treatement method is required, considering that the interior of the
uterus is narrow, therefore, we propose a patch with planted pins. Pins were planted to the patch beforehand, and the patch
can be easily fixed to the skin by pushing the pins into the skin.

This study includes designing and manufacturing a prototype patch as a proof of concept, and fixed force evaluation was

performed.
Keywords: myelomeningocele, spina bifida aperta, fetal repair, patch
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Prototype development of FOV - changeable endoscope using a beam splitter
Keri KIM, Kiyoshi MATSUMIYA, Ken MASAMUNE, Takeyoshi DOHI

Graduate School of Information Science and Technology, The University of Tokyo, Japan

Abstract: A novel method to change field of view is proposed. In the endoscopic surgery, it is very important to ‘manipulate the
endoscope smoothly so that the surgeon can observe where he or she wants to see safely. In our method, by the use of a beam splitter
and polarization plates attached to the distal tip of the endoscope, the front side and the lateral side can be observed without moving
or bending the endoscope itself, Therefore, the surgeon is able to observe wide field of view safely.

We developed a prototype which has 10mm in diameter, and it can illuminate the front side and the lateral side at the same time.
According to the result of the experiment with this prototype, the field of view was easily changed from the front side to the lateral
side and vice versa. The endoscope system has high image quality by the use of CCD camera, and the illumination is bright enough
to observe the image clearly in the dark box.

Key words: Endoscopy, Field of view, Beam splitter, Polarization plate, Minimally invasive surgery

1. [XC&IZ 22 BH%

RIRET FHFIz BT, RERLEEBFLBI-DORE ERBFNREPRBETENREICRB T, —FORBASR

ﬁwm;‘«g&%%i’ﬂiéﬁ%‘t:ﬁg*@;é[l][2]. B, AR TR BHOLBEHOBRARERE CHED, BEO— BN
FEOBBZ LTI ERLUESRETELL LSRN BE<RY, BERTERVRIEANDS.
R AT LEBREL TEE[3]. ANBHES 2T AT, BB FRRE AT LTI, —AONBRETHEHBLAROHE
CCD 7J;<3@%ﬁ%t:t“—Az#Uy&?&ﬁ%*&%%ﬁb, SHEIR  BEBETHDI, WM OBEA A 2GR RAS H S
V=7 DREDL TRELEER{TI%D, REVRBBEIN JLLE. X774 O—BIRERARBLL, —8HITahb
AR, WAV BZET, AHRERIAT B LN AT 4R L 72 5(Fig.2).

SNETIZ, SHE ¢ 25mm DEBEEF A EHEL, S
A =7 DEERIC L > TE AL AR DR E L B A TTAE ThE -
CEFERBLIC. UL, KNREL AF A3 EROERRET
BRARG AT BIDITH, MIREOMEILL BE BB~ DD
HERUELB.

Outer diameter ¢ 10mm

Outer sleeve

TITHRRTIE, BAREERMUIE — L2748 — Inner,s_leevi
FOBRMERERRETD. HEEE D TONRBEONES, 18 CCD camera

HARTRLAOLNG ¢ 10mm 295, $7-, RSB
THENTITMERZT, 205 BHELRITTS.

2. Kk ' obéervation window o e

2.1 Bk » AW
ARB AEPHRGIABE CCD A5 L2 NE I IR A, >

V=7 BLUSMYAY—F hob725(Fig 1). * polarization )
PRIRY T 124, SIRERICE — AR Yo & LR R b plate Sﬁf{; ceD

B2 EEHEEOBINL, BXReE LTOBETHED, .

HISH R LB BHY, TNERRA DD CEBE Fig.1 Prototype of FOV- changeable endoscope

70percent, 413 30percent DE =LA Yy ZERNBI b
L=,
SHAURY =20, RIIRE BN T 7 A S8+ 5,
TENDA -7 R AEREO D DREE»AE+
S. CCD HAZBUNDBNIZPMIRY — 7 FSMAIRY — 7 |2 45
AL, @ﬁﬁé‘d‘é:&?@ﬁ&fﬂ'J?E@ﬁﬁ”ﬁEﬁEfﬁ‘ékﬁé.
BRSO T-4E1T ¢ 10mm THAH. Fig.2 Illumination method

— 135 — BE2vEa—-45 8B4 KA




3. Fm=E

ﬁﬁfu‘:t“—ij’U‘y?Wﬁﬁ’éﬁﬁw”C?Fﬁﬁ%ﬁ%’:ﬁo
7.

ﬂf*‘/ﬁquﬂtﬂé'ﬁ,@%?/v%%"ﬁb, E—AAT Yy Z R
ﬁéﬁ'@iﬁ“/ﬂxﬂq:%%ﬁ?‘é(}‘ig&. MNIEEDOETIT i1
Rones, @uﬁt:;ﬂﬁﬁm%ﬁfiﬁ#abt:%&"ﬁbf:. ¥
7=, Hﬁ%;"é@%‘}ﬁ’rﬁ%&ﬁ?étm:, Ry 72D R FRELL
TORRECEERZITS, AREO ERM» LB EERETOE
B#i3 30mm~50mm Th3.

W@ﬁﬁ%ﬁ;’bt%%f‘, SUIRY)—7 2 EIE LR B
BE2T-k.

4. $ER

Fig4 IZFEBERORE LT+

7, Fig4 (@DRET, BAROBECIVERIZ 2%
<7z, &ﬁ%%iﬁL'C{ﬁmé*ﬁﬁfr%;:&ﬁiﬂﬁg?&a 7))
%%T%ﬁuxv—félﬂéiéﬁé& Figd (c)DI5ic#px ol
Rz BN, MR —F % 90deg BlErnxw3L, #igezs
IXEAL, {E%*ﬁmﬂ—m%l:tﬁétb, Fig4 MDI3IZIER
DBEBFIREL 125 DEDI I, SRY—7 oEgEn 2
'C“?EE%@%E%S‘FI?;‘EF}%:&Z)%}#%’).

ERTHEROD LR, R TILIE R DFE 2 85 128
RT3 BR, AROMSLLEEET, REBRICER T2
LRTRETHS.

EhiZ, BEAIELTY, ERLRIBRDOE S b+ 4312853
WERRBOE.

5. BREELD

R TIL, Wﬁﬁ%ﬁ:ﬁs@%ﬁﬂ%ﬁ#bﬁ:L‘é:%aaﬂu-ﬁ@ﬁ
E?’%EﬁFIﬁEfo‘/%wxVﬂﬁéﬁyX?A%ﬁ;‘%Lt. g,
59%'«‘ﬁiVﬂ%Eﬁ(‘ﬂ?ﬁﬁ%ﬁ%ﬁ%é‘ﬂ%@%éﬁé:k&Q BEDOL
ERTEETHB D, wwméﬁ%ﬁiﬂ%ﬁm&:{g%oﬁéﬁrﬁ
DL, et EBR TS,

*7=, Eﬁéﬁaﬂuﬁﬁ%@mﬁ%%%&#é%fvﬁ@%/f},
%E&%%)\n%iéﬁsﬁﬁ%mem\f:&b, FITEMOEREIC
Y, BEROAEERETE. SO, MBS TSI E T
SRS, BEDLEMETL, B MBI

bEITLA,
S[E, Bﬁg‘ﬂf’f-ﬂ’@ﬁ‘{)}ﬁb‘%hé%@¢ 10mm DFR{EHE
EHIFEL-. ‘

%ﬁﬁ%%ﬁvww%ﬂﬁﬁisﬁw&, SMAIRY — 7 DEER D 2.
T*T%%ét:EvﬁHEJJ%%@&%E%%Eﬁﬂ‘é‘é'@&é:&%ﬁ%é@bf:.
72, CCD HA5% BV BrLT, HEEEEEOHHLE S
ZEAEL, E?ﬁ&iﬁﬂ%ﬁ@ﬁﬁ@ﬁﬁ%zﬁ‘ﬂé‘g'@&;é%%ﬁﬁ%%
ZRWAZLT, +§a\7‘£%Za‘éT*@.%ﬁg—Etﬁf‘é‘éﬂ%zk%ﬁé%
L.

4\?&@i?&t“—Aszy&ﬁ%ﬂ%ﬁ%ﬁﬁ%ﬂﬁﬁ%ﬂ, B
SE %’ﬁ;%ﬂ&?@%mﬁﬁﬁﬁ%ﬂgk#Zﬁa\éﬂzﬁé%ﬁﬁ
AT BIeDdIZ, NREDBRILEITS. EbIZ, 3D NiRsES
B33l T, FEifl EOBRI TR 3D B TE RS
THRETS.

2007%11 8

Fig.3 A fetal model in the dark box

(b)Front view

-

(c) Rotating outer sleeve

(a)Lateral view

Fig.4 Fetal model images
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Development of Placenta Vasculature Visualization System for Treatment of
Twin-To-Twin Transfusion Syndrome (TTTS)

- Measurement of Biomedical Signal with Endoscope Image -

M. Tsuzuki’, 8. Lee®, H. Liao®, E. Kobayashi®, T. Chiba®, I. Sakurna®

“Graduate School of Frontier Sciences, ®Graduate School of Engineering, The University of
Tokyo, Tokyo, Japan.
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Abstract: Twin-to-Twin Transfusion Syndrome (TTTS) is a disease of the placenta that affects identical twins who share a single
placenta. This condition occurs when the shared placenta contains abnormal blood vessels which connect the twins, resulting in an
imbalanced flow of one twin to another. For the treatment of TTTS, endoscopic laser photocoagulation is one of useful method,
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As a result of discriminant analysis, we can distinguish arteries and veins with around 70% of success ratio.
Key words: Twin-To-Twin Transfusion Syndrome (TTTS), Placenta, camera, blood vessel.
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(b) Result of image mapping
Fig.1 Result of image mapping system we have
developed.
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Blood-flow interception by the temperature control

using the composite-type optical fiber system

— In-vivo experiment used thermocouple —

O K. Suzuki®®, A. Naganawa®, K. Oka’", T. Nakamura®,

H. Ueda®, K. Tsumanuma?, T. Chiba® and Y. Morito!
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fetoscope laser photocoagulation has been increasingly used for treatment of twin-twin transfusion

it is needed to appropriately keep the tip of laser fiber away from the placental
We developed a

Abstract : Recently,
syndrowe (TTTS). In this treatment,
surface. since the distance significantly influences to success in placental blood-flow interception.
new laser surgery device using the composite-type optical fiber system which consists of a centrally located single
fiber lin vessel ablation and its surrounding fibers for imaging. Then, the device is expected to enable measuring the
distance between fiber tip and placental surface with resultant accurate laser irradiation. In this paper, we describe the
experinental results of temperature control during blood~flow interception of porcine mesenteric venous flow.

Key words : Fetal surgical treatment, Composite-type optical fiber, Temperature control, Blood-flow interception
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Abstract: The major problem to establish safer endoscopic fetal surgery is that the surgical field and view is limited and a placenta is
very soft and weak tissue. For example, Endoscopic Laser Treatment to coagulate vessels on placenta for twin-twin transfusion
syndrome (TTTS) needs high technique and experience for surgeons to avoid collision with the placenta and other surrounding weal
tissues. We developed new navigation system using 3D ultrasound images. It has distance map around placenta and sound alarming
module. Phantom study shows that this system can inform surgeons the distance between the endoscope and the placenta without

changing their view from endoscope display fo navigation display.

Key words: twin-twin transfusion syndrome, Ultrasonography, Fetal Surgery, Navigation System
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Fig.1 Registration jig and method

BEDV AP =VaL gfTo S —vav o7 A
LERZBOT, AT Vs SR EKF—IV, 08K
RESROERAP,LHE LOWEBALCEFEAT
NIMEERE TS, RIZEXIILEBER M
ERL. RIPVERERFALES L 2ER TS, 0 2

POBTHENTHALY L3 HERBRFAIE LT,

EXKBHBTROLFENE JL%- B RALOER
MU T OFEBELERD, BEOMERELCTER P ER
LINGERAT—~o LY —va B ticEas+
HIET, FEAMBRO LN A ARSI COERMYE RN
POERMICESICRTRTBILNTRILS,

WPICERIAREE G CERL TV B
BEeHERRL I — o BHCHRRBRITOERS
RBAICRER T LR TETHD, 250, HER
Ty T OFE YT IS L TR ET 2R TI-LT,. AEE
HECEFLERB CEBETOEESISITHICL
.

3.RR
LR —L 3 B

EER 3 BEBEHE 5 L CEAHEBL AN — 3L
B 4 BREE~vyF LV EHBRELRRBEYT
TS =T ATFAERARRE 4 £(EH 3 &L
EWME 1 R)RBRE4LZOLIAN—SavBETY
HBIUCOBIIEEERR  EELELYRN - — g
CERERLE,

Table.l Average/Max Error of registration

__ —[FHEE [Rrm=
FEEBEY(0=12) 0.5520.17 1.39
FEEBE (0=12) 0.62+0.26 1.55

VP LRE

VYR AT P P AERBIIR I TRBARIEEBL,

IDEFEERIFMBEBLCFIES — oot 77

JJISCAS vol.9n0.3 2007 / 29/ @

Fig2 ‘Phantom cxperiment of Collision Avoidance
System. Right: overview of phantom experiment. Left:
Navigation view of Collision Avoidance System.
Distance color map is overlayed on the 3D ultrasound
images of phantom.
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