balloon clearly. And its outcome may indicate an appreciate
method to the manipulator.

C. Performance on phantom test

The developed manipulator was possible to support fetus
model stability in first and third experiment. The supporting
method may be useful to stabilize the fetus. The manipulator
has an ability to support fetus of various size about 25-30
weeks gestation. However, the width between the tip and root
frame of the hook-like mechanism is large to the fetus in 19-
24 weeks gestation. In order to fit the target fetuses, the width
should be smailer.

The clip might be unsuitable to fix the balloon, for it broke
the covering part on the balloon. New structure of balloon
without clip should be developed, such as a balloon folding
not only upside of frames but also around frames. It can keep
fetus off the side and beneath of frames.

On the second experiment, we supported the fetus model
by hand from outside of the uterine wall because it sank down
and there was no space under the fetus for the manipulator. It
would be hard to do so under ultrasound or fetoscopic image
in clinical usage. The density of the fetus is important factor
to consider a procedure to hold it. We should arrange more
real environment.

D. Ultrasound guidance

The ultrasound could visualize the manipulator and the
balloon. Since we could measure the diameter of balloon,
ultrasound can be also available to estimate the pressure of
the balloon. In order to visualize the si ght hidden by artifact
under the manipulator, fetoscope is also need. Since the

ultrasound image of 2D gave limited information of relation”

between fetus and manipulator in space, we will use 3D
ultrasound guidance.

E. Prospects for clinical application

The diameter of the manipulator is 8 mm now, but it hasto
be much smaller to reduce the risk of complications. We aim
to develop smaller one which can pass trocar for fetal surgery.
Therefore we try to develop the holding unit of diameter 4
mm, excluding balloon. We are sure that we can develop it
since the mechanisms of the manipulator are not so complex.
The user interface on PC is not ease to operate and needs extra
hands, so we should equip manipulator with another user
interface like handheld type. Furthermore we try to control
the pressure of balloon, adding sensor to water injection unit.

V. CONCLUSION

A manipulator to stabilize fetus, with large contact area by
balloon and keeping away from the umbilical cord, for
intrauterine surgery are reported in this paper.

The manipulator has two bending mechanisms, one driven
by wires is for supporting fetus from beneath, and the other
driven by linkages is for adjusting holding plane
corresponding to insertion angle into uterus and a balloon
which enables area for contact with fetus larger than the
diameter of incision to support stably and softly. For clinical

use, this manipulator can be divided into holding unit, driving
power unit and balloon to meet sterilizations or disposal.

The accuracy of bending performances was sufficient to
operate under guidance of ultrasound and fetoscope. The
inflated balloon generated sufficient force to support the fetus
and its sofiness showed possibility of not injuring fetus. The
phantom experiment showed that the manipulator could
stabilize fetus beneath without touching the umbilicus. These
results indicated that this manipulator has potential .to
stabilize fetus in uterus softly.
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which are connected components of computer aided surgery
system.

2. Methods

We use two devices: the projector-camera device and the optical
tracking device. The projector-camera device identifies relative
geometry among surgical surfaces in three dimensions, camera-
image, and projector-image and then projects a desired image
onto the surgical surface. An optical tracking device tracks the
position of a probe which serves as Virtual-pen. Two devices are
registered accurately and work as a single integrated system. To
implement interactive functions of Virtual-pen, projection areas
regard as menus are divided into several regions. Each region
corresponds to pre-defined actions. The functions activated when
Virtual-pen is laid in the regions.

3. Results

The position accuracy of Virtual-pen in three dimensional surfaces
was 0.35 mm in maximum error, which is high enough for most
surgical scenarios. Real-time geometric and radiometric compen-
sation techniques enabled us to make the projected image undis-
torted even on dynamic surfaces such as human body. The optical
tracking device was robust because it tracked Virtual-pen without
interfering with operation illumination. Qur experiments using a
phantom of head in a laboratory environment demonstrated an
acceptable quality and the clinical test will be performed to verify
the practical value of the proposed system.

4. Conclusion

The proposed method enhanced the computer aided surgery sys-
temn by eliminating the need of inadequate tools and by suggesting
an interactive user interface. The position of surgical targets was
exactly tracked by the optical tracking device and accurately was
marked by direct-projected augmented reality technology. Pre-
defined menus offered various functions dynamically and inter-
actively. The implemented prototype would be integrated into the
computer aided surgery system under development in Center for
Intelligent Surgery System, Seoul, Korea.
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Development of wide-angle view 3D endoscope using wedge prisms
E. Kobayashi®, Y. Takata®, K. Ikebe®, T. Sakurai®, I. Sakuma®
School of Engineering, The University of Tokyo

®School of Frontier Science, The University of Tokyo

Keywords Medical robot - 3D Endoscope - Wedge prism

1. Introduction

We have developed a wide-angle view laparoscope that enables the
surgeon to control the FOV without moving the laparoscope it-
self. It is free from the risk of hitting internal organs due to lap-
aroscope movement, and can realize safer robotically assisted
laparoscopic surgery. Also, it can apply to other site which does
not have enough space to move the endoscope. In this paper, we
applied this mechanism to 3D endoscope and developed a new
wide-angle view 3D endoscope.

2. Methods

We used a thin 3D endoscope (LS-501D, Shinko Optical Co. Ltd,
Tokyo, Japan). Its diameter was 5.4 mm. Two 1/10 inch micro
CCD cameras (270,000 pixels) were mounted on the tip. We
mounted two wedge prisms at the tip. Each prism was attached to
a sleeve and these rotate independently about the axis of the
endoscope by motors. In this mechanism, only two sleeves rotate
within the endoscope, so the mechanism can be simple and small
and yet can observe a wide angle of view.

We used wedge prisms whose diameters are 12 and 8.5 mm. Total
diameter of the wide-angle view 3D laparoscope was 14 mm. For
the light source, we made a special tube with a fiber. The outer
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diameter of the tube was 18 mm and inner diameter was 14 mim,
so that it could inset into the commercialized trdcélrt(ENDdi
PATH Large-Port Trocar, Ethicon). It illurninated the . entire
moving view range of the endoscope. The material of the.pﬂéin
was LAL18 whose refractive index was 1.7 and wedge angle was
decided 10°. .

3. Results

The system could bend the light axis in a cone with a vertex angle
of approximately 14.5° under the conditions that view angle of the
3D endoscope was 76°.

We evaluated the depth perception of the wide-angle view 3D
endoscope qualitatively. We put the two wedge prisms on the tip
of the 3D endoscope, and rotate these prisms. Volunteers ob-
served the 3D endoscopic image and tried to grasp objects by
forceps. As a result, the volunteers could get the depth perception
without sense of discomfort and grasp the object easily. Also,
although a little distortion in the image was observed, there was
no degradation by prisms.

4. Conclusion

We have developed the 3D wide angle view endoscope using
wedge prisms. Bending view angle was 14.5°. In the qualitative
evaluation of depth perception, volunteers could get the depth
perception without sense of discomfort.

This research was partly supported by JSPS(#18630041).
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- 1. Introduction

Minimally invasive surgery is becoming more common nowadays.
One of the important fields of minimally invasive surgery is
endoscopic surgery. 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. In addition, during the
operation the surgeon has to manipulate the endoscope safely. not
to damage body tissues or internal organs.

In the surgery of twin to twin transfusion syndrome, the front
view needs to be observed to insert the endoscope safely, and after
the proper insertion we need to observe the diseased area which
can be the front side or lateral side. How to observe lateral view
safely? To solve this problem, we have suggested the endoscope
system that can be used to observe the front side and the lateral
side without moving or bending the whole endoscope system.

2. Methods

In this endoscope system, the field of view can be changed using a
beam splitter and two polarization plates. The endoscope system
consists of a CCD camera with the inner sleeve and the outer
sleeve.

A beam splitter is attached at the distal tip of a CCD camera
which is mounted inside of the inner sleeve. The inner sleeve has a
polarization plate at the distal tip and observation window at the
lateral side. The outer sleeve has a polarization plate at the distal
tip and observation window at the lateral side, also.

Inserting the inner sleeve into the outer sleeve, we can observe the
front view through the polarization plates with the observation
window closed. And also we can observer the lateral view through
the observation window by rotating the outer sleeve. At this time
the front view can not be observed by the polarization plates.
We made a prototype of the FOV-changeable endoscope. The
experiment on changing field of view was conducted using the
prototype.
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3. Results and conclusion

The endoscope prototype has 10 mm in diameter including illu-
mination. Two polarization plates seem to degrade the brightness
of the front view. In the lateral view, the observation is made
through the observation window, so there is no degradation of the
brightness. So we used the beam splitter which has 70 percent
transmission and 30 percent reflection.

In the experiments using the prototype, the field of view was
changed by rotating the outer sleeve without moving the endo-
scope itself, so the operation can be conducted safely. Also, there
are some kinds of operation which need to use the rigid endoscope
and lateral view endoscope also. In these kinds of operation, the
surgeon has to switch two or three types of endoscope. But using
our method the surgeon does not have to switch the endoscope
thus the operation time can be reduced and the sterilization can be
conducted more easily.

Influence of oscillation of an electronic OR-microscope

on neurosurgical preparation quality
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1. Introduction

Oscillation is a major problem for operating microscopes. An
oscillating picture of the operating field puts stress onto the sur-
geon and is therefore likely to lead to a higher probability of
inacouracy and faults. During the development of a novel visual
support-system for endoscopically-assisted neurosurgical inter-
ventions the influence of camera-oscillation on the quality of
preparation has been of high importance. In this framework the
electronic microscope (“‘exoscope™) is handled by a telemanipu-

lation-platform and the acquired images are presented to the

surgeon by a Head-Mounted-Display (HMD) without any phys-
ical contact between surgeon and camera (http://www.minop.de).
2. Methods

In a first test conventional OR-microscopes were analyzed to
determine clinically accepted state-of-the-art values for intraop-
erative oscillation,

In a second test neurosurgeons had to rate pattern-visibility and to
fulfil preparation tasks in a virtual test environment. Special line-
and point-preparation tasks had to be performed using a tracked
pointer, images were acquired by a virtual oscillating camera and
displayed via HMD. Additionally the test-persons (7 neurosur-
geons) had to repeatedly state their actual subjective discomfort
on a standardized rating scale to identify the influence of the
preparation conditions on the strain level.

3. Results

The field tests concerning the oscillation of commercial
OR-microscopes showed deceleration times of 2-3 s at oscillation
frequencies of about 1 to 1.5 Hz.

Rating the visual differentiability of the virtual test-patterns under
various oscillation-conditions the surgeons determined an allow-
able frequency limit of 4 Hz and allowable amplitudes of up to
four times the width of the viewed structure.

Concerning preparation quality a significant reduction of prepa-
ration deviation with increased zoom factor, a significant increase
of preparation deviation with increased frequency and a highly
significant increase of preparation deviation with increased
amplitude were identified:

Throughout the test-cycle the discomfort statements on the rating
scale increased with a saturation characteristic.

@ Springer

4. Couclusion

The virtual tests showed a clear negative influence of camera-
oscillation on the preparation quality and helped to define
demands for the concept and realization of the developed exo-
scope-telemanipulation-platform. However, it has to be taken into
account that these results have been achieved using a specific
experimental setup (HMD, graphics hardware, simplified tasks,
etc.) and will therefore have to be further evalnated with the
realized demonstrator-system and under real OR-conditions.
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1. Introduction

For minimally invasive surgery the placement of the trocars is a
decisive factor for the success and the straightforwardness of an
intervention. Poor choices for trocar positions often result in
prolonged operation times or the need to introduce additional
ports. Preoperatively planning of the trocar positions will Kelp
solving this problem. For abdominal minimally invasive surgery
the insufflation of the patient prevents the direct use of the com-
puted positions because the planning is generally performed with a
regular patient model (i.e. without insufflation). We present a
system for the visualization of the optima} port positions onto the
patient’s abdomen for minimally invasive surgery that deals with
this issue. ’

2. Methods

The preoperative input for our system is a reference surface model
of the patient (e.g. obtainable through a segmented ct-scan) and
the trocar positions and orientations that have been planned with
respect to this model. The visualization of the trocar positions is
done by direct projection onto the abdomen using projection
based augmented reality techniques. The projector system has two
attached cameras and the complete setup is photogrammetrically
calibrated. For the registration a surface scan based on a projected
coded light pattern is acquired from the abdomen of the patient at
the beginning of the treatment. This scan is used to register the
patient to the preoperatively obtained model. After the patient has
been insufflated a second scan of the abdomen is performed. The
acquired surface model is then used to modify the preoperatively
planned port positions. In the simplest case—each port is used to
access only a single target area—the correct trocar locations are
calculated as intersection between the insufflated surface and the
lines defined by the planned trocar position and the respective
target location.

3. Results

The system was evaluated with a torso phantom that supports the
simulation of an insufflated abdomen with a maximal insufflation
height of 5 cm. A target and several port positions were planned
on a reference surface model. The trocar positions were projected
on the phantom and recorded with a high precision measurement
arm for the regular and the insufflated case. The overall position
error was below 3 mm which led to an orientation error of less
than 2°,

4. Conclusion

A system for the visualization of trocar positions for abdominal
minimally invasive interventions was presented and the evaluation
with a phantom showed acceptable accuracy. Intraoperative trials,
which are planned for the immediate future, will show if this
accuracy can be achieved in the operation theatre.
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Fig. 1 The lab setup of the system

artificial data set. Uniform noise (0.5 mm) was added to the grid
points to ensure that the grid was non-regular. The non-linear
deformation of the mesh in the z-dimension was governed by the
following equation (4 = 10, B = 0.7):

Az) =flz— 1) — A x (exp(B x (z/z_max) — 1)
/(exp(B) — 1)|A(0) = 0,

where z denotes the index in the z-dimension and z_max denotes
the maximum index in the z-direction. This set of deformed points
constituted the points in the Aurora-frame. A rigid transforma-
tion R(100, ~70, 50, =/4, 0, 0) determined the positions of the grid
points of the basic mesh in the Phantom frame. A global trans-
formation 77 was computed by SVD using the corresponding
data points from the Aurora- and Phantom-frames. The volume
embedded by the deformed mesh was uniformly sampled at 600
positions and the sampled positions were corrected by the de-
warping algorithm as well as by T/. Table | summarizes the re-
sults of comparing the computed positions with the real positions.
Two datasets were used to assess the accuracy of the system

3.2 Dataset 2

Table 1 Summary of the accuracy tests performed with the
artificial data set (dataset 1) and the dataset acquired in the
operating room (dataset 2)

Test Points RMS Mean Standard
(mm) (mm) deviation
(mm)
Dataset 1 corrected by 600 L1000 096 0.53
dewarping
Dataset 1 corrected by T 600 7.06 6.54 267
Dataset 1 corrected by R~ 600 3.98 295 267
Dataset 2 corrected by 600 1.32 1.29  0.29
dewarping
Dataset 2 corrected by T2 600 20.77 1843 9.56

T and T2 denotes the global transforms computed for dataset |
and dataset 2, respectively. R denotes the real rigid transform
which models the relation between the Aurora and Phantom
frame
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(b)

Fig. 2 a Visualization of dataset 2. b Dataset 2 after using the
dewarping algorithm

A second dataset (11x 11x 7 with a resolution of 10 mm) was
collected on top of an operating table in an operating room (OR)
using the dewarping algorithm (see Fig. 1). To evaluate the
accuracy of the algorithm using this dataset, the same physical
volume embedded by dataset 2 was uniformly sampled at 600
points with the Phantom. A global rigid transformation T2 was
computed by SVD using all the 600 point sets. Table | summa-
rizes the results of comparing the positions computed by the de-
warping algorithm, as well as when using 72, with the real
position of the Phantom. Figure 2 shows the grid sampled in the
Aurora-frame on the left, and the corrected grid in the Phantom
frame on the right.
3. Conclusion
Electromagnetic tracking is for many clinical applications the only
suitable choice of tracking system. However, in the presence of
certain materials the accuracy of the system can degrade consid-
erably. We have presented a general system which can detect and
improve on these inaccuracies by using a portable and inexpensive
haptic device. The main advantages being that the system is highly
portable, inexpensive and can correct tracking signals in real-time.
However, the system is not able to correct for dynamic inaccu-
racies, for instance correcting for magnetic distortions due to
introduction of surgical instruments. Another restriction arises
when using local rigid transformations to construct a global
deformation field. This results in a non-regularized deformation
field which might lead to non-continuous tracking at the
hexahedron boundaries.
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Abstract Connecting vessels occurred in twin-to-twin transfusion
syndrome (TTTS) cause an imbalanced blood flow between twins.
Laser photocoagulation treatment as one of useful method has
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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

Ultrasonegraph

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, Y, Z) on test pattern
and its image (u, v) are related by :

X

u S 0 u O Y
v =10 f v 0] x (1)

00 1 0 z

1

where f"and (i, 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 Z, + f), where Z, 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 (f5). 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.

(b) Endoscopa kmage (c) Comected Image

(a) Test PatternImage

Fig. 2 llustration 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 mooe!

Fig. 3 Image of placenta model (a) and result of image mapping (b)

[”i+l - lliJ - S Xiv1 — X; (2)
Viyl = V; Zo+fo | Yii = Y;

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 {1]. 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.

@ Springer

(b) image resut

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; = 3 x 107 r,* + 6% 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 (fp) is 7.73 [mm)] and focal distance N 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 V'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 confirms 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™. Tt 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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Miniature bending forceps manipulator for intrauterine fetal
surgery: mechanical performance evalnations
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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

@ Springer

driven by an original wire-guided driving method with tip’s part
wire-driven forceps mechanism. The manipuolaior performed
high bending positioning accuracy of minimum 0.1 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-steel 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-

{11 Contact point

Framel /

Wire-rope

Frame2

Frame3

90°[]
Fig. 1 Bending mechanism driven by wire-guided linkage driving
method




I?t J CARS (2007) 2 (Suppl 1):S191-8203

S201

Linear-Drive Unit

; i AC-Servomotor

(a-) Separable \

¢ 2-DOFs .bendi.ng
+ mechanism

High-resolution
encoder

:
1]

!

: ,
! o
1 ‘,
: }(
:

H

H

Servo amplifier
Power supply

Pull
F_ =D
Close L
o
Tractional rod Wire-rope
Rotational axis (C)

Fig. 2 a System configuration of the miniature bending manip-
ulator. b Tip’s part of the multi-DOFs end-effector and ¢ 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.

3.2 System configuration

System configuration of the manipulator consists of four parts
(Fig. 2a). The first part is the multi-DOFs end-effector with
two-directional bending mechanism and forceps mechanism
(Fig. 2b). Diameter of this patt 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 joystick 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
calculates 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 -90°

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 (FUJIFTLM
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 11 1.9°,
which was smaller than one in base-side bending mechanism, and
especially in case base-side vertical bending anglewas +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
2.57 £ 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 3.43 + 0.18 N, corresponding to grasping
torque of 17.40 = 0.88 Nmm, 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 enough for intrauterine
surgery, which includes a sufficient central channel space to pass
through wireropes 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 ranges are
largely different in bending mechanism. Particularly bending
range of tip-side horizontal bending mechanism is small. so this
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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-
search “Development of Next Generation End Effecter and
Navigation System for Computer Aided Surgery” ( 17100008), and
Research Fellowships of the Japan Society for the Promotion of
Science for Young Scientists (041400000227).
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A planning system for robot based abdominal minimally invasive
surgery
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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 insuffiation
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 transferzed 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-
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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

n 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 [I, 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
wag 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 configuration.
b Detecting coilisions between arm segments
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Miniaturization of Balloon-Based Manipulator with Multiple Joints for
Stabilizing Intrauterine Fetus

N. Yamanaka®, H. Yamashita®, K. Matsumiya®, H. Liao*, K. Masamune®, T. Dohi®, T. Chiba®

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

b Department of Strategic Medicine, Naﬁonal Center for Child Health and Development, Tokyo, Japan
¢ Graduate School of Engineering, The University of Tokyo, Tokyo, Japan

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 anmiotic 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
limit its lateral movement. Performance evaluation showed that the standard deviations of the bending angle of the hook-like

mechanism and the linkage mechanism were 3 degrees and 2 degrees respectively. Therefore, the repeatability is considered

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 for Child Health and Development, Tokyo, Japan
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* Graduate School of Engineering, The University of Tokyo, Tokyo, Japan
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 1.2+0.5mm in 5-bar linkage mechanism, 0.05%0.01mm in
forceps translation, and 0.2+0.3° i 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

H=
1. 5

ﬂﬂéﬁai%ﬂnﬁ{%ﬁli}iﬁﬁﬁﬁ@xﬁﬁ‘é‘%%&:ibﬁﬁ
RODFEEBICFRHERE L% B, MELELL—
*ﬂ:w%i@-i@b@f?éiﬁ?ﬁ?ﬁbﬁﬁf;bnrmé. IDFE
KT RARE T CIT2bhaas, L =77 A D&
f’E?bi‘%’é‘Eiﬁ)\?u:J:DﬁJﬁén, B BOMBIZL
V7 7o—F A RHIBEh DRy, WEBRERR
BTHWEHRLEST S INERETIHEELT, &
ITHFSETIIEmEiz 2 B MEEMEELRE L — Yo7
DR AN:. IOV — i F T B E, WERFELE
ETBIEEBELTVSAR, INZWHEOR LIS F
E‘éfﬁv:t":v—ﬂ:;w&%-%%4?#5:&??&5@?
éé'firﬂJ:‘c%ﬁ%@ﬁ#E@%ﬁ?ﬁ?%%hék%i%hé.

AHRETIIERL L — V8 F i, BAILED
YIOERYNES, BABMSMOLE, BEnaB M E
fg’af’ﬁ%ﬁ&ﬁﬁﬁ?—fgwﬁv:EJV—ﬁéﬁa{’EL, FNEE
BN EROEEOHEGERPF o7

insertion troca

100mm

. €— for'ceps
rotation +£180°
roll and pitch

around trocar site

placenta +15°

Fig. 1 Degree of freedom of forceps manipulation

2. ik

DELEL—FHELHRZETS, L —FHEnF D
NBEARE, BBOF A2 ERLCHAREGES
Fig] DISCRELE. £, V—VFBH OB ICL — %
HFERBIVE DL ETENLLITY ImmBETHI LS
BERLTU— Vil F b DAL BR DM EIT Imm LN &
L.

FHPORLSHIZOVTH, vt 2l — 2K LE
RGBS /NS E DVEL R B ITRVIE, v = al —
5b§ﬁ%§ﬁ&#i§2%%ﬂl:é&%ﬁ'ﬂﬁ‘é?ﬁ;é:&%%ﬂ%ﬁ:ﬁ
ELTRHE2ITRoT. .

votal—# £ kK% Fig.2 ILRT. FEEFAIL
EDYVOCRYMEBILS HIL BB VLI S Ta s
MIEDWEBR L. 5 i) VB R RT3 LIc kIR
SMVEELERBENICRE L. £ 5 8 rikE
HEBDLEEL, bk R NS S W AVE R W e
TATH T IR ERE T AL TR ENRL—
ZHE{R LI (Fig.3). 5 BV BRI E DEE 215
BELRVWES R EBOL— LB B T3 28EL
TS 5 BV BB 5 BV IS I L1 B
AR TEN TN « LB BB TR0 NTES
(Fig.4).

BAMBAOLHE, BEIHFRETNOE— 2T
TAYERY, AP GAVCEBEERZALTIT RS, L—
HFOMFIBBEM~DBYT I, TRF A N HHE A
TIT2D(Figs). THoF A NS T RESORY (F13

BERarveai~-40ugais




TIVIBRBEILETCHIORERELD. T OBE
LD, Ve 7 e st F RS MBS 5
2 MR ERSEEEIROM T2 RS s C s,

S e ';&%

Fig.2 Overall view of manipulator

forceps
attachment

feed scre

belt and puitey

ball spline

laser
/ forceps

forceps rotation forceps insertion

Fig.3 Mechanism of forceps holding unit

iphng

Fig.4 Separation mechanism of 5-bar linkage unit

Fig.5 Attachment of Laser forceps

2007 %11 8

3. SF{RER

WRBE~=Cal—FDNBEDEESL 4 BB E
TRERRDOWTHENE. 5 HVVIEBEB TS, §
ERBHM 13 A TOMBROEEITILATI1.2205mm
LT Cholk(n=5). 7=, FEDHEAIZ £ 15mm O]
BBET 3mm AAT, B&EIE+90° 0FEBEEICE
WT 30° AL CHBRDEBELBRELE (0=5). BA
REIDORRZEE 0.0550.0lmm o7, BliEEE) T
BERDDOELD&IE+0:3° LN THoM 28, 3.8° Dy
Io9VIREELE.

4. BR

LR FOMF RSB COXBALBANLLOE
BEZ 200mm CABELEBS, S BV /8B OEE, i
RBEADNBROBERIERECHE THAIL—FH T 4&
WTO Imm LNOKELERTIOR+STHS. A
EBRB TR ISy VI EPREN Imm BE (L —¥
B F B e E4E 20mm DB A) LRBR, BERBOKS
BEARY I B ET AL VBB ENT &
THdLELILNS.

WHOELM LT, BE®, FEE T OS5
HETETHDIY, Bl iEFvroFuv s i Bz
ECHENTRECHILEERNTALENLS.

5. £

AR TIE, RIEEES 0 EGREOBEIEDEDIC
LY F R, BETA YAl — SRR EL .
WHDOREMEZEEBL, FHEAC—IZHEH LN
SANBMEL, FBEE, HREMOSERE L ERL
. FBERICEY, ool — OB B XL —
HMFRET Imm UROBEELERTIDI+45ThS
TEEHERLE.

FREO—EHIT, BEESBHEHEBR B & (H17
— T4V —E—006)I2L3.

2E

) WTHE, h: BRABEHAZEGERHE~
Sl —SOMRE, B 14 BEAI Y2 — 24
FERE B 15 Bavta— X RELDHYS
A= ERMIE, pp. 239-240, 2005

2) Kobayashi E,et.al: Development of a laparoscope
manipulator using five-bar linkage mechanism.
Proceedings of Computer Assisted Radiology and
Surgery: pp825-830 .1997

RIS

hS ey



07(V)-22 MMC RRHARANY FOEURK EBENICET 515
OHF BAHT, ExX B BT B 2 4R 1E &
a RARFEREGERELZRTER, b ERAFE R TR
Examination of pin’s design and fixed force of a patch for fetal

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
amniotic 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.

to observe the image clearly in the dark box.
Key words: Endoscopy, Field of view, Beam splitter, Polarization plate, Minimally invasive surgery
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(b)Front view

(a)Lateral view

(c) Rotating outer sleeve

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’, S. Lee”, H. Liao®, E. Kobayashi®, T. Chiba’, . Sakuma®

“Graduate School of Frontier Sciences, ®Graduate School of Engineering, The University of
Tokyo, Tokyo, Japan.

“National Center Jfor Child Health and Development, Tokyo, Japan.

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
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(a) Placenta model
Fig.1 Result of image mapping system we have
developed.

(b) Result of image mapping
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Fig.2 Change in brightness of camera image and ECG.
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Fig.3 Result of discriminant analysis

UEDD, B oA HRLH A LB %IRONSIE
HIREILFBTHELEDNS, ‘

4, &t _

NEEERNSOB I IROW G ELLT, KB LD
hEBROBEMOESHZHATE5EL ABF DA
EREENTAIFEERM L, M ERHRLTET
RERCIIABDERHTEER, SyMNBMBELHELL
TERTRIRBRBH COMOEBRREABLR NI
DA TEIRD ol e ERAN ICLSHBIE TR
NHEENDEZERTOYIINTRE THo, LoT. =
NODFEEAVEBBRONSIZIHIBRETE T
HBLBON3LOD, FMXBICHATHEDITL, &
BFEORNPURNRBORM LY ER3FHOKE
NEEhB,

ik
FHRO—MMIIELEHBREHERB SI2L3,

X

[1}] Tua Namora Nainggolan, et al: Development of
Placenta Mapping System for Treatment of
Twin-to-Twin Transfusion Syndrome (TTTS), In Proc.
of the 21st International Congress and Exhibition,
CARS2007, Vol2 suppl pp182-184, June 2007

2] ME - NEPMBOERBEOBERIBIZIRT
BEEERTAVERBREEOC YL LY VAT ADH
%, BIEIRTHEERF RS, 2007




