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Multi-DOFs Bending Manipulator for Intrauterine Surgery
H. Yamashita®, K. Matsumiya®, K. Masamune?, H. Liao®, T. Chiba’, T. Dohi®
* Graduate School of Information Science and Technology, The University of Tokyo, Tokyo, Japan
® Graduate School of Engineering, The University of Tokyo, Tokyo, Japan

¢ Department of Strategic Medicine, National Center for Child Health and Development, Tokyo, Japan

Abstract: This paper proposed multi-DOFs miniature manipulator for intrauterine surgery, especially for twin-to twin transfusion
syndrome (TTTS). Recent therapy for this case requires endoscopic approach toward anastomotic vessels on the placenta, therefore,
we developed newly designed 2-DOFs bending mechanism. Each DOF bending mechanism consisted of 3 frames and 2 links with
simple driven procedure from —90 to +90 degrees, which was suitable for a miniature constitution to minimize invasion of patients.
Three frames are jointed with 2 guide wires preventing slip of frames in bending motion. Outer diameter of 2-DOFs bending
manipulator was 3.5mm and center channel diameter was 0.8mm to work various end-effectors. In laser ablation experiments using
phantom model of placenta, we confirmed that this miniature manipulator enabled laser ablation with bending motion of maximum
66 degrees in the water. In conclusion we were sure of feasibility of the miniature manipulator to enable leaser ablation with 2-DOFs
bending motion for therapy of TTTS in clinical applications.

Key words: Twin-to-twin transfusion syndrome, Multi-DOFs miniature manipulator, Intrauterine surgery
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Fig."3 Restraint mechanism with two guide wires realizes
1-DOF stable bending procedure.
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Fig. 5 View of the 2-DOFs miniature manipulator.

Framel & Frame3 ¢ A3IE I3 Frame? BITER, EviziEYy
EELRVERICTALERDD. 2o Chv=al—
F TSR RTRERIB O f< 3 7o, BHOU A ¥ro—
7(%54V%y9%ﬁ%&,Gw)%ﬁ4katfﬁw
t.mg3K%T;5m,mMm&Pmm3%2$@74
Yo7 TERT O TEAAAORMICH L, By S
ELDZ L £90° DESHESYZHL T 2.

32 EHEEMEET L L—4
ﬁﬁ?ﬁbtlamgﬁﬁ%%%zﬁ,ﬁ%lﬂh@%
f%:kﬁ,ﬁﬁ-mﬁﬁmtﬁﬁﬁﬂ%&%&¢amm
@2QEEE@V:E:V—ﬁ%%ﬁLtmgo.&K
TEEa L—F ORBERO BN ¢ 0.8mm DT T
7:&5%??V*W%$Tfmé.it,5&&@%%
niAc#—ﬁU:77&%11—ﬁwﬁxéﬁ?%%%,
MASC-DI6H06) # M\, EBEL LTHA PRk
4V&71~x%ﬁbﬁﬁfm5(mg9.

2006F 11 R
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Development of a suction stabilizer for fetal surgery

K. Tsubouchi®, K. Harada® T, Chiba®, S. Enosawa’, M.G. Fujie?

* Graduate School of Science and Engineering, Waseda University, Tokyo,Japan
® National Research Institute for Child Health and Development

¢ Development of Innovative Surgery,

Development

National Research Institute Jor Child Health and

Abstract: This baper proposes a stabilizer for fetal surgery. This stabilizer aiming for restricting fetal is strongly required in feta] -
surgery, because fetus is floating in uterine in unstable posture during the fetal surgery. In this research, stabilizer is developed based
on the acknowledgement of physical properties of fetal skin, Stabilizer is consisted of flame part and suction part. Flame part is
aiming for holding the suction parts and has 4 DOF (degrees of freedom) and the tip has make-and-break mechanism. Suction part as
effective part is made by silicone not to injure fetus and has holes to aspirate. In the future, drive unit and suction part is evaluated

and improved through several experiments.

Key words: Feta] surgery, Stabilizer sMyelomenigocoele, silicone, Skin
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Laser Coagulation Manipulators for Twin-twin Transfusion Syndrome
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Abstract: Identical twins with only one placenta can suffer from twin-twin transfusion syndrome (TTTS) which cause

disproportional blood flow from one baby to the other through connecting blood vessels in their placenta. This leads to

little blood (anemia) and little amniotic fluid for “donor” fetus and too much blood and too mach amniotic fluid for

“recipient” fetus. If TTTS occurs early in pregnancy, it could result in loss of both fetuses. For the treatment of TTTS,

endoscopic laser coagulation was introduced to separate the connecting vessels in the placenta. This therapy 1mproves

fetal survival chances, but it is difficult to maneuver laser tip vertically to the placenta especially when the placenta
attaches to the ventral side of the uterus. Therefore, a laser coagulation micro manipulator is proposed and its handheld
prototype is developed. The manipulator has four ball joints with through-holes inside. It bends through 50 degrees in

any direction at 10 mm from its tip. Though the big bending radius of the laser fiber itself limited the manipulator’s
bending angle, the prototype demonstrated the possibility of less invasive intrauterine fetal surgery with robotic

technology.
Key words: Surgical robot, Fetal surgery, Twin-twin transfusion syndrome, Intrauterine repair
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Neuro-Navigation System with Color-mapped Contour for Intuitive

Recognition of Task Progress and Value
R. Nakamura®, H. Suzukawa®, Y. Muragaki®®, H. Iseki®*
* Institute of Advanced Biomedical Engineering and Science, Tokyo Women'’s Medical

University, Tokyo, Japan

b Infocom Corporation, Tokyo, Japan

¢ Department of Neurosurgery, Neurological Institute, Tokyo Women's Medical University,
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Abstract: Navigation system, which shows where surgeon is now on the screen of CT/MRI, contributes to safe, precise, and
minimally invasive surgery. We have developed the Real-time Updating navigation system which combined intraoperative MRI and
an optical navigation device for maximum removal of malignant brain tumor. On this research we focused on the problems; 1) it is
difficult for surgeons to recognize the task progress and value of treatment shortly from rich information on medical images shown
on the navigation system, 2) it is difficult for surgeons who concentrate to surgical field to see navigation window directly and
carefully. We have developed the navigation system with intraoperative semi-automatic segmentation module for tumor, It helps
surgeons with intuitive recognition of tumor region thorough navigation screen or sound information. In this paper, we report the
development of novel navigation system with color-mapped counter inside of region of interest which helps surgeons with intuitive

recognition of task progress and values.
Key words: Navigation system, Neurosurgery, Segmentation
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microscope lens
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Abstract

Mirror syndrome is a preeclampsia-like disease first de-
scribed in a case of severe hydrops fetalis caused by
rhesus isoimmunization, later reported in some cases of
nonimmunological fetal hydrops. Twin-twin transfusion
syndrome (TTTS) is a severe complication associated
with monochorionic pregnancies, in particular, severe
TTTS with one hydropic fetus leading to a poor progno-
sis. We report here a case of mirror syndrome that oc-
curred after selective fetoscopic laser photocoagulation
in severe TTTS at 24 weeks’ gestation.

- ' Copyright © 2006 S. Karger AG, Basel

Introduction

Mirror syndrome was first described by John W. Bal-
lantyne [1] in 1892, a syndrome in which a gravida pa-
tient essentially ‘mirrors’ the in uterus state of the hy-
dropic fetus. The outcome for mother and fetus is unfa-

vorable without prompt delivery. The syndrome has been
reported to be associated with Rh isoimmunization {2],
nonimmune hydrops [3], placental chorioangioma [4],
and various fctal anomalies [5, 6]. Twin-twin transfusion
syndrome (TTTS) is a serious complication occurring in
a monochorionic twin pregnancy that develops fetal hy-
drops. Fctoscopic lascr photocoagulation of placental
vascular anastomoses has been reported to be a promising
therapy for severe TTTS in midgestation [7]. We report
here the first case of mirror syndrome that was evident
after selective fetoscopic laser photocoagulation in severe
TTTS.

Case Report

A 33-ycar-old woman, gravida 2, para 2, at 24 + 5 wecks’ gesta-
tion, was referred to our institution for management of TTTS. She
had no history of infertility trecatment. Ultrasound revealed poly-
hydramnios (maximum vertical pocket 15 cm) surrounding the re-
cipient twin whose bladder was cnlarged and oligohydramnios
(maximum vertical pocket 1 ecm) around the donor twin whose
bladder was not visible. The discordance in estimated body weight
between the two fetuses was 39%. Doppler studies of the recipient
twin showed reverse flow in the ductus venosus and pulsatile um-
bilical venous flow without any signs of hvdrops fctalis. A fetal
cchocardiogram of the recipient twin showed hypertrophic cardio-
mecgaly with a cardiothoracic arca ratio of 36%, modecrate iricuspid
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regurgitation, and mild mitral valve regurgitation. Amniorcduction
was performed twice within 3 days before the operation. The pa-
tient had slight pretibial cdema, but no signs of hypertension or
proteinuria were evident. Her laboratory data revealed normal re-
nal and hepatic functions, although the hemoglobin and hematocrit
values decreased sharply just before the operation (table 1). After
approval of the Institutional Ethical Committee and after obtaining
informed consent, sclective fetoscopic laser photocoagulation of
the placental vascular anastomoses was performed. An ultrasound
examination just prior to the operation rcvealed hydrops fetalis
with ascites, mild skin ecdema, and pericardiac effusion in the re-
cipient twin. Under general ancsthesia using sevofluranc and con-
tinuous ultrasound visualization, a rigid 2-mm (diamcter) 0°-fiber
fetoscope (Karl Storz, Tuttlingen, Germany) housed in a 3-mm
(diameter) cannula was inserted transabdominally into the amni-
otic cavily of the recipient twin, The communicating placental ves-
scls were coagulated by an output of 30-40 W for 1-3 s with a
600-pwm (diameter) YAG lascr fiber. The operation was completed

multicystic ovaries

Fig. 1. CT on POD 17, showing cnlarged bilatcral multicystic ova-
rics.

Table 1. Summary of the laboratory data

without any complications. After the operation, tocolysis was initi-
atcd by administration of an indomecthacin (25 mg) suppository
cvery 6 h for 24 h and maintenance of magnesium sulfaie at a dose
of 1.5 g/h. Thirty minutes after endotracheal extraction, the moth-
er developed acute respiratory failure with dyspnea and an oxygen
saturation <90%. The mother was immediately reintubated. A
chest X-ray showed bilatcral alveolar infiltration without cardiac
enlargement, indicating the presence of pulmonary edema. Me-
chanical ventilation with positive end-expiratory pressure was
started. The patient showed skin edema, oliguria, acute anemia,
and hypoproteincmia (table 1).

On postoperative day (POD) 1, intrauterine death of the re-
cipient twin and the donor twin with ascites were detected by ul-
trasound. On POD 2, the donor twin became hydropic with ascites,
pericardiac effusion, and scalp edema. She had 1+ protcinuria and
slightly clevated liver enzyme levels (GOT 73 TU/L GPT 42 1UAN).
Administration of indomethacin was discontinucd, and the dosage
of magnesium sulfate was decreased. On POD 3 (25 + 4 wecks’
gestation), the donor twin and the hydropic dead recipicnt fetus
were suddenly delivered beyond control of uterine contraction. The
malc boy (wcight 1,224 g, Apgar scores 1 at 1 min and 2 at 5 min)
was immediatcly transferred to the nconatal intensive care unit.
After delivery, maternal pulmonary edema gradually improved,
and the patient was cxtubated on POD 6. Anemia, hypoprotcin-
cmia, protcinuria, and clevated liver enzyme levels also amelio-
rated (table 1). The placenta was cdematous and large, weighing
830 g. Vascular anastomoscs between the two fetuses and inflam-
matory signs werc not detected on pathological cxaminations. The
donor baby died duc to severe acidemia and sepsis on the 10th day
after delivery (POD 13). On POD 17, a CT cxamination of the
mother was performed to cxclude any other complications. The CT
showed bilateral cnlarged ovarian cysts, suggesting hyperrcactio
lutcinalis (fig. 1). Bilateral ovarian cysts disappcarcd on POD 36,
as cvidenced by an ultrasound cxamination.

Discussion

Maternal hydrops with lung edema and skin edema
developed after fetoscopic laser photocoagulation and
disappeared immediately after termination. Fetal hy-

Post-

Gestational age . i Post-
24wsd . 25wld  25wld  25w2d  25wad parm  parum
(admis-  (before  (after - (recipient  (donortwin - - Y , Y
sion) SFLP) SFLP) twin IUFD) delivery)
Total protcin, g/dl 6.3 5. 43 4.4 49 5.3 6.4
Hemoglobin, g/dl 9.6 . 7.8 6.5 9.4 10.5 12.9
Hematocrit, % 26.8 22. 22.3 18.5 26.9 264 36.3

SFLP = Sclective fetascopic laser photocoaguration; [UFD = intrauterine fetal death.
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drops was observed in the recipient twin before the op-
eration and in the donor twin afterwards. The placenta
was large and hydropic. The mother exhibited the fetal
state of hydrops associated with placental hydrops. This
was a case of mirror syndrome in severe TTTS that was
manifest after fetoscopic laser photocoagulation. To date,
21 cases of mirror syndrome have been reported [2-6,
8-18]. We presented the first case of mirror syndrome as-
sociated with severe TTTS.

Typical maternal symptoms include a rapid weight
gain with marked lower-extremity edema, with some pa-
tients developing a preeclampsia-like syndrome. This
case had lung and skin edemas, proteinuria, and elevated
liver enzyme levels, but no evidence of hypertension was
found. An important pathophysiological feature of mir-
ror syndrome that distinguishes it from preeclampsia is
matemal hemodilution which is clinically manifest as
maternal anemia [8, 9]. On the contrary, preeclampsia
and HELLP (hemolysis, elevated liver enzymes, and low
platelet count) syndrome demonstrate hemoconcentra-
tion. In our case, hemoglobin and hematocrit values de-
creased dramatically before the operation, increased
thereafter, and then recovered to normal after delivery.
These laboratory data demonstrate that hemodilution, a
hematological feature of mirror syndrome, had been ob-
served before the operation.

It has been reported that maternal pulmonary edema
after open fetal surgery is not rare [19]. The cause of pul-
monary edema is not clear, although an association with
tocolytics is suspected. Almost all cases of maternal pul-
monary edema resolved rapidly without the need of intu-
bation and positive pressure ventilation. A maternal pul-
monary edema after endoscopic fetal surgery is less com-
mon and less severe than one after open fetal surgery [20].
Our other 13 cases of fetoscopic laser surgery for TTTS
did not show any sign of pulmonary edema. This case
showed preeclampsia-like symptoms with hemodilution.
Taken together, this case is difficult to explain on the ba-
sis of a complication of endoscopic fetal surgery. An ear-
ly state of mirror syndrome with hemodilution occurred
before the operation, although the endoscopic fetal inter-
vention may have influenced the manifestation of the
mirror syndrome. It should be noted that the maternal
condition may also be at risk, when fetal surgical inter-
vention is considered due to fetal hydrops.

Although the precise pathophysiology of mirror syn-
drome is unknown at present, some reports suggest that
there is a real connection between the fetal and the ma-
ternal manifestations. The prognosis of mirror syndrome
is usually poor without prompt termination of the preg-

Mirror Syndromec in Twin-Twin
Transfusion Syndrome

nancy. Pirhonen and Hartgill [ 18] reported a case of mir-
ror syndrome in a dichorionic twin pregnancy, in which
maternal edema resolved after the death of one hydropic
twin. Another dichorionic twin pregnancy resulted in res-
olution of matemal mirror syndrome after selective ter-
mination of one hydropic fetus at 16 weeks’ gestation
[10]. In our case, one hydropic fetus died after fetoscopic
surgery, and the other fetus was subsequently delivered
due to uncontrolled uterine contractions. Although our
case was a monochorionic twin, it is possible that mater-
nal edema might improve after the death of the hydropic
fetus, if preterm labor could be managed.

Interestingly, the CT examination on POD 17 in our
case revealed bilateral ovarian cysts, suggesting hyperre-
actio luteinalis, and ultrasonography on POD 56 showed
normalized ovaries. This case was a spontaneous twin
pregnancy with no history of ovarian hyperstimulation
syndrome at early gestation. Although the level of human
chorionic gonadotropin (HCG) was not examined, hyper-
reactio luteinalis occurs more commonly in states associ-
ated with very high HCG concentrations, such as gesta-
tional trophoblastic disease [21]. Elevated levels of HCG
may be associated with mirror syndrome, as suggested by
the observation of a case with placental chorioangioma,
in whom mirror syndrome was present [22]. Our case had
hyperreactio luteinalis, also suggesting a link between
HCG and etiology of mirror syndrome.

Fetal Diagn Ther 2006;21:51-54 53
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Abstract —A bending laser manipulator has been developed
for intrauterine surgery; twin-twin transfusion syndrome
(TTTS). TTTS is a condition seen in 10-15% of monochorionic
diamniotic twins (a single placenta, separate amniotic sacs) and
causes blood volume unbalance between both babies through
communicating vessels in the placenta. Although the. laser
coagulation of communicating vessels in the placenta is
effective treatment for TTTS, precise maneuvering of the
laser’s tip through one small port in both abdominal and
uterine walls is very difficult. Tn this paper, a bending laser
manipulator of diameter 2.4mm has been proposed to perform
the surgery with high dexterity. The manipulator has a laser
fiber inside of it and bends through 60 degrees in any direction.
Simple handheld interface has been chosen for early clinical
use. This manipulator enables minimally invasive intrauterine

surgery even when the mother has the anterior placenta and

the choices of access path are quite limited.

Keywords —  surgical robot, fetal surgery ,intrauterine
surgery, minimally invasive surgery, TTTS

I. INTRODUCTION

Over the last decades, developments of surgical robots
have considerably progressed, with some commercially
available and clinically applied for many cases around the
world described in many papers for example [1, 2]. The
development of surgical robots has contributed to a
widespread rise in the use of minimally invasive surgery,
resulting not only decreased patient pain but also reduced
medical costs due to a shorter stay required in hospital.

In this paper, the clinical target of this study is
intrauterine fetal surgery. The fetal surgery is a relatively
new procedure, with only hundreds operations around
world, because of the risk of premature delivery caused by
the stimulation on the uterine and fetus [3-5]. To perform
minimally invasive fatal surgery, that is intrauterine surgery,
high dexterous surgical robot would be useful. In this
research, the specifications for the minimally invasive
technique are analyzed then a bending laser manipulator is
developed as a high dexterous tool.

This paper is organized as follows. The next sections
review the background to minimally invasive fetal surgery.
Following the proposed concept and procedure of

Tetsuya Nakamura ?

Incubation Center

PENTAX
Cooperation ? Development ¥

) 1-9-30, Shirako
Wakou-shi, Saitama 351-0101 JAPAN

Lnakamura@aoc.pentax.co.jp

Toshio Chiba ¥

Department of Strategic Medicine
National Center for Child Health and

2-10-1 Okura,Setagaya-ku, Tokyo,
157-8535 JAPAN

chiba-t@sea.plala.or jp

intrauterine surgery are described, and the design of the
bending laser manipulator and its prototype are presented.
Finally the future works are discussed.

IT. CoOMPUTER AIDED FETAL SURGERY

A. Minimally invasive fetal surgery

Fetal surgery has recently progressed because ultrasonic
imaging technique and genetic diagnosis lead to an
increased detection of fetal problems in the early stages of
the gestation. Fetal intervention has been performed in the
manner of open surgery or fetoscopic surgery. In open
surgery, surgeons have clear view and high dexterity for
surgical manipulation but large incision in uterus often
causes preterm delivery. On the other hand, fetoscopic
surgery was developed in 1980°s to minimize the incision in
uterus. This surgery can be done through small hole in
mother’s abdominal wall (percutateous) or through small
opening in the abdominal wall. This surgery is better for
mother than open surgery but it has technical problems and
needs new devices to perform delicate work through small
holes in the uterus. The effect differences in surgical
procedures are still under study such as described in [6-11].

The difficulties of the fetal surgery compared with other
forms of surgery are the following:

1) The fetus in the target gestation is very small (the
weight of 250-650g) and fragile. It is floating in amniotic
fluid in the uterine with unstable position and posture.

2) Insertion sites for surgical instruments into the
uterine depend on the position of the placenta (anterior
placenta or posterior placenta) and the allowable space for
instruments within the uterus is limited.

3) The fetoscopic view is unclear due to the cloudy
nature of the amniotic fluid.

4) The performance of common surgical instruments,
such as an electric scalpel, is limited when they are used in
amniotic fluid.

5) Damage to a uterus, a placenta and a fetus could
cause premature delivery.

6) A flaccid uterus and placenta under anesthesia is
always at risk of massive bleeding.

7) The mother under surgical operation is also at risk of
infection and a lost next chance of pregnancy.



B.  Robotic approach for fetal surgery

Some researchers have studied the feasibilities of using
robotic procedures for fetal surgery, using animal fetuses
such as sheep[12-13]. They used commercially available
surgical robot to test whether it is useful for spina bifida
treatment where the back of a fetus is need sutured. The
result showed the robotic approach for intrauterine fetal
surgery has many technical problems to overcome.

The diameter of commercially available surgical
manipulators is too big for the target size and surgical space
allowable. The bigger incisions in the uterus for tool
insertion are more invasive than the incisions for usual tools
for manual operation. The long setup time for a robotic
operation was also time-consuming and the advantages of
surgical results were not demonstrated in comparison to the
manual operative approach.

Our motivation is to overcome the aforementioned
problems and propose new procedure allowing robotic fetal
surgery in a minimally invasive manner.

TI1. PROPOSED ROBOTIC SURGERY

A. Surgical Target

Fetroscopic surgery is often performed for twin-twin
transfusion syndrome (TTTS). TTTS is an abnormal
condition seen in 10-15% of monochorionic diamniotic
twins. The twins shear single placenta and have separate
amniotic sacs. In TTTS, babies have communicating
vessels in the placenta and abnormal blood flows one baby
(donor) to the other (recipient) as shown in Fig.1. The donor
has less blood supply to its internal organs such as kidneys
resulting in its small amniotic fluid volume. On the other
hand, the recipient with too much blood supply has a large
amniotic fluid volume and can have heart failure or soft
tissue swelling. Without treatment for severe TTTS, twins
will die or have brain damage.

The common treatment for TTTS is amnioreduction
where large volumes of ammiotic fluid are drained with a
needle inserted into the sac of the recipient twin. This
increases survival rates, however, some cases do not
respond to this treatment. These cases are treated by laser
coagulation of connecting vessels in the placenta. The laser
fiber is inserted together with a fetoscope through the
mother’s abdomen and the uterus. Then laser coagulation is
performed at vessels® connecting points in the placenta.

Recipient twin

e

- - ™, Connecting

B. Proposed Robotic Surgery for TTTS

When the placenta is attached to the front side of the
uterus (called “anterior placenta™), which is seen about 40%
of whole pregnancy, the mother’s abdominal wall is widely
open to make an access port from the back side of the
uterine wall avoiding placental injury. The uterus is exposed
and rotated during the operation.

To avoid this large incision on the mother’s abdominal
wall, we propose a bending laser manipulator. A bending
manipulator has two DOF joint at the tip and an optic fiber
is inserted through the manipulator. The diameter of
incision in the uterus for the manipulator’s insertion must be
less than 3mm. When the outer diameter of the inserted tool
is less than 3mm, the hole in the uterus need not sutured,
since the contractive force of the uterus itself closes the
small hole unaided. Of course, it is better both for the
mother and babies that the incision in abdominal and uterine
wall is as small as possible. The larger hole in the uterus
needs sutured, which may result in a leak of amniotic fluid
and severe pain to the mother.

The following surgical procedures are proposed for the
minimally invasive robotic surgery for TTTS. Fig.2 shows
surgical concept with the proposed bending laser
manipulator.

1) Control the amount of ammiotic fluid to make
appropriate surgical space if necessary. When the
turbidity of the amniotic fluid is high, it is replaced
with warmed saline water to have a clear view
inside the uterus.

2) Place a 3D ultrasonic probe on the mother’s
abdominal wall to decide the position and direction
of the instruments’ insertion (A tool navigation
system with 3D ultrasound real time data is being
developed.

3) Insert a bending laser manipulator into amniotic
sac of the recipient twin to penetrate both the
abdominal and uterine walls at the same time under
uitrasonic monitoring. Quick insertion is necessary
since slow access into uterus could cause the
amniotic membrane to peel off from the uterine
wall and lead to premature delivery.

4) Examine the surface of the placenta carefully to
determine the abnormal vascular connections
between the twins among many vessels in the
placenta. The connecting vessels are in the territory
between the twins and crossing the dividing
membrane.

5) Direct a laser beam selectively at the determined
connecting vessels to eliminate their blood flow.
The laser tip must be placed as vertically as
possible to the placental surface in the aspect of its
effectiveness.

-



Bending laser manipulator Abdomen

Fig.2 Conccpt for the proposed robotic surgery

IV. BENDING LASER MANIPULATOR
A. Bending Mechanism

The Fig.3 represents the design of the bending
mechanism. The mechanism of the manipulator includes
ball joints and they are driven using four wires (cach of
diameter is 0.27mm) enable a bend of 90 degrees in any
direction when it has two joints. The diameter is 2.4mm and
the bending radius is 2.45 mm. The manipulator includes an
inner hole through all ball joints, making it easy to develop
many types of surgical applications. The features of this
mechanism include small diameter and bending radius, ease
of fabrication, and high rigidity compared with other
bending mechanism for example[14-16], and low cost for
manufacturing. The designed bending angle and bending
length are easily changed just with changing the assembly
procedures.

THT
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Fig.3 New design of the mechanism
(In Fig3, No.l: ball with a through-hole, No.2: parts of thc bending

mechanism, No.3: a part inscrted into a pipe. All of them have four holes
for the wire path. Nos.2 and .3 arc made of Titanium)

The relation of the wire pull length and bending angle
are shown in the Fig.4.

The following symbols are defined:

t- wire pull length for each joint

t -maximum distance between two joint parts

t, -minimum distance between contact lines of a ball and

a
joint part

t3- wire length between two joint parts

R- distance form the center of a ball to a guide hole for
each wire

0 - angle of each bending joint

O- center of the ball

a- distance between the center axis of the joint and the
contact line of a ball and a joint part

b- distance between the center axis of the joint and a
guide hole for each wire

The relation of wire pull length and bending angle is
described in Eq.(1)-(4);

t,=2(R*-a)"? 1)
t = t; cos(6/2) ~2a sin(6/2) @
ty=t, -2(b-a) sin(6/2) 3)
t=tl-t3

=t1- t; cos(8/2) +2a sin(6/2) +2(b-a) sin(6/2)
=2(R%- a%)'*(1- cos(6/2))+2b sin(6/2)  (4)

When the joint number is defined as N, the total bending
. ® is described in Eq.(5);

T=2N(R”- a%)"*(1- cos(® /2N))+2b sin(® /2N)  (5)
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Fig.4 Relation of the wire pull length and bending anglc

In this paper, a bending manipulator with four joints is
fabricated as shown in Fig.5. The joint parts are made of



Titanium so that this can be used for the surgeries in Open-
MRI in the future.

A wire is inserted through the center holes of all joints
to make the each joint angle equal. This manipulator is
confirmed to bend through 180 degrees in any direction.
When the Eq(5) is applied, the total wire pull length to bend
180 degree is 3.03 mm.

% %
. .

with four ball joints

Fig.5 Bending mechanism

B. Control Unit

A driving unit with two ultrasonic motors is fabricated
using a photo molding machine. One motor is used for each
pair of the wires since the bending mechanism is
symmetrical ,which means that wire pull length and wire
release length for a pair of wires are same.

The interface to a surgeon was designed as handheld
type (Fig.6). The bending angle is indicated using a
quadrant switch equipped with four switches. The
manipulator is hold with a hand and the switch is pressed
with the thumb.

The ultrasonic motors are controlled using PC104 and
real time operation system QNX (QNX software systems,
Canada) (Fig.7).

& . i
Fig.6 The tip of the fabricated prototype (bending position)

l Control Command

PC Pulsc Motor Ultrasonic Encoder
104 Controllcr Driver Motor
A
Pulsc
Counter

Fig7 Motor Control system

C. Bending test with a laser fiber inside the bending
manipulator

A laser fiber whose core diameter is 0.4mm and outer
diameter is 0.7mm was inserted through the center holes of
all joints of the bending manipulator (Fig.8). With the fiber
inside, the maximum bending angle was 60 degrees in any
direction. This is because the fiber’s stiffness is high and
curvature radius is big to bend within the short length of
10mm as designed. Some joints will be added to bend up to
90 degrees in any direction. On the other hand, the bending
angle for each joint was uniform due to the stiffness of the
fiber. This means precise controllability for positioning its
tip.

Fig.9 shows the result of an experiment on positioning
accuracy to bend through 20 degrees. The test was repeated
five times. Despite of the histeresis, the minimum variation
was kept less than three degrees. This is small enough for
changing the angle with the hand-held switch. The
monitored histeresis is due to the initial condition of wire
tensioning and small gaps between the mechanical parts and
the laser fiber. The mechanical improvement and control
algorithm is future work for more precise positioning and
integration the manipulator to 3D ultrasound navigation
system.

Fig8 Lascr bcndig anipulator
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Calculated

Bending Angle [deg]

Wire Pull Length [mm]
Fig9 Positioning accuracy of the bending laser manipulator

D. Laser coagulation test

Nd:YAG laser coagulation test was performed with a
laser unit (6100-B, Dornier MedTech, Germany). The target
of the test was blood vessels in a flesh mesenterium of a
rabbit. The laser output was set at 50 W and the laser beam
was irradiated for one second for each target spot. The laser
tip was placed at 10mm away from the target surface. The
result of the test is shown in Fig.10 where the two



Figl0 Coagulatcd blood vesscls in rabit’s mescnterium

V. DISCUSSION AND FUTURE WORK

The advantage of the developed bending mechanism is
very small diameter which can satisfy the specifications for
intrauterine surgery, while the disadvantage is that its
positioning control is influenced by the material inserted
into the manipulator. The precise position control
algorithm with the model of an inserted tool will be
developed in the future.

The handheld interface is in good repute for surgeons.
Although many researchers have studied master-slave type
surgical robotic system, we have tried a simple and
inexpensive surgical manipulator. Our approach is to
develop a simple surgical manipulator as the first step and
prove that high dexterous robotic tool is useful and can be
easily introduced to clinical cases.

V1. CONCLUSION

A bending laser manipulator of diameter 2.4mm has
been developed for intrauterine surgery. Its maximum
bending angle is 60 degrees in any direction.

Although the manipulator has some technical problems
to overcome, the demonstrated result put the intrauterine
robotic surgery into possible reality. This manipulator will
be applied not only TTTS therapy but other kinds of
intrauterine fetal surgery. We believe that surgical robotic
technologies would lead to the major break through to
conquer the severe difficulty in fetal surgery.
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