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Present and Future on Development of Surg1ca1 Robotic System in Japan

Mazkoto Hashizume

Department of Disaster and Emergency Medicine, Graduate School of Medical Sczence.s'
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Abstract: Minimally invasive surgery (MIS) has explosively developed all over the world. It offers the patlents less
blood loss during the surgery, less pain, and earlier recovery to normalized activity. However, MIS -is both
physmlogncally and psychologlcal very stressful to the surgeons. They have encountered greater amount of technical
difficulties in MIS than in conventional open surgery. Computer-assisted surgery has emerged with a possibility of
‘overcoming the technical difficulties. Clinical trials have demonstrated the safety and efﬁcacy of the minimally i invasive
robotic surgery in Japan. However, many regulations are still remained to be solved to advance the minimally invasive
robotic surgery. I wouldlike to stress to develop an image-guided precision surgery in the future.

Key words: Robotic surgery, Precision surgery, Image-guided surgery
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The - Efficacy of Robotic-assisted Microsurgery :Comparative Study in Rat Model
K Konishi’, Y.Kakeji° T.Yasunaga’, S.Ieiri°, K. Tanoue®, M Hashizume®*
*Department of Innovative Medical Technology, Graduate School of Medical Sciences, Kyushu University,
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Abstract:- Background: Robot-assisted surgery is thought to facilitate complex and refined procedures. Objective: To
evaluate the benefit of robotic assistance for microsurgery. Methods: 20 intestinal anastomosis on rat alternating with
and without robotic assistance. A da Vinci surgical system™ with 3-D visualization was used. Surgeon made
anastomosis using 6-0 nylon. Operative time and quality was evaluated. And also, dissection of portal vein (n=2) and
femoral arteries (p=4) and vascular end-to end anastomosis was attempted with robotic assistance. Results. Equal
quality scores and anastomotic leakage were achieved with both techniques. Results: There were no differences in
operative time and preciseness of intestinal anastomosis. Although, leaming curve of RS group was improved. We could
perform one portal vein anastomosis and two femoral arterial anastomoses successfully. Conclusions: In this study,
robotic (da Vinci) assistance improved the learning curve of the surgeon while making microsurgical anastomosis
thanks to two functions, namely tremor canceling and motion scaling. These results support further clinical
investigation of robotically assisted microsurgery.
Key words: da Vinci, Robotic assisted microsurgery, tremor canceling,
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Image-gmded Surgical Robotic System for the Future Minimally Invasive.

Surgery
Makoto Hashizume, MD, PHD, FACS

.Department of Disaster and Emergency Med1cme Graduate School of Medical Sc1enees

- Kyushu University

~

Department of Integration of Advanced MedJcme and Innovative Technology,

~ Kyushu Univetsity Hospital, Japan

’ .Roboﬁc' surgery is now dev‘elopmg all over the

_world. The number of installation of the da Vinci surgical
’system ié'hov’v more than 300 in the world. The system
prov1des you less l.umtaton in the movement of the
msh'uments due to 7 degrees of freedom of Endo-Wrist,
and better tbree dxmensmnal endoscopic images at the
console. The surgeons can operate the robot in the virtual

- _ reahty of the human 5. mtra-abdom.ma.l cavity. However,
there are stﬂl some firture problems to be solved so far.as
safety 1s neerned. The conventlonal surgical robotic
system does not have nawganon system nor force
feedback system. The intra-operative image is visualized

only w1th1n the limited area. transmitted through the

endoscope so that there is a possiblhty for the operator to

miss unusual acc1dents_. The tissues or surgical strings are -

easily damaged wrth the instruments without any force
feedbgek;i_Iiie i;Pefators are required to be well trained
-and familiér with the robotic system. The size is as large
as almost 2m in beight and w1dth, and the weight is as
heavy asj OOkg Robotic surgery is good indicated to the
m1crosu_rge;y ‘or endoscopic surgery. Laparoscopic total
prostateeto;tdy is the best indication now, but there is still
controversy in the other indications. Surgeons want more
mnovanve ‘advantages in the robotic surgery than in the
eonventlo_nalvsmge;y. Ro’oouc surgery should provide us
what th'e_ ‘eonventionali su:rgery- can not do. Cost
eﬁwﬁmees is the other important issue to be solved.
Not only -techhicel assessment, but also socioeconomic

assessment should be established in the advancéd
medicine in order to develop the robotic surgery as a
standard operation. .

We are now developing new imdge-guided.
robotic systems with navigation system. MRI—gmded
surgical robotic system is one of them. Operator can
confirm the targeting point as well as the fesults by using
a real-ﬁzhe navigation system wh11e pmetming the lesion.
Remote telefétn'gery of robot-assisted cholecystéctomy - -
has been suécessfully performed on a pig with #n internet . |
comected between Seoul and Fukuoka. The‘di'stanee. ,
between the two institutes; Hanyan University Hospital, -
and Kyushu University Hospital, was 700Km. The timie -. -
delay was almost . 600msec. Three dimensional
intra-operative endoscopic images were transmitted with .
a high quality level by using digitil video transmission |
system.. Kyushu University Endoscopic Tra:mng Center

‘has been also established in Kyushu University Hospital.

Virtual reality simulator and box trainer as well as’
animite training lab are facilitated in a two day course.
Sir'xmlator would be shown to have a key role on the
education of skill . '

No human errors and more preciseproeedures
under imaged-guided system-are what we sincerely want
in the future minimally infrasive surgery as a
patient-oriented management. o .

Key Words: Navigation, Simulation, Training, Robotic
Surgery, Precision'Sm'gery
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Fig. 8 Comparison of the size of robot. Left Miniaturized robot,
- Right prototype robot

’ yobot manipulators and perform surgical procedures in the abdomi-
-nal cavity in safety. Furthermore, we are expanding the concept of
: the robotic surgery application and developing a new robot for the
dovascular surgery. The robot has a small-size stereoscopic CCD
camera and manipulators that enable endovascular repair of aortic
aneurysm. To obtain a situation of the robot and the surgical field in
the blood fiow, a 4D ultrasound imaging system is integrated into the
.robot system. Followmg safety evaluations with animal experiments,
we plan to clinically apply the system and examine its efficiency.
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Abstract We have developed an MR image-guided robonc system for

laparoscopic local ablation therapy This system consists of small

surgical manipulators, real-time MR image guidance and an opera-

tion table for the small surgical manipulator. We planned the pro-

. tocol of the laparoscopic radiofrequency ablation therapy using this

 robotic system and tested it with a phantom included as a target. The

operator can easily control the manipulator in eight directions using

the MR-compatible hand-held switch with Interactive Scan Control

(3SC) and a three-dimensional high-resolution image-guide to

- puncture the target. Puncturing the target by this system was easier
than by hand. The MR image-guided robotic system for laparoscopic

- local ablation therapy can help by enabling the operator to precisely

. puncture the target.

Keywords MRI-guided therapy - Robotic system - Ablation therapy
1 Introduction

The development of endoscopic and other minimally invasive sur-
gical techniques has led to reductions in both patient morbidity and
mortality. Performing surgery through small incisions or ports re-
duces infection rates, the need for pain medication, and recovery
time. In addition, the quality of life in patients with early gastric
cancer has been reparted to be significantly better after laparoscopic
procedures than after open surgery [1). The principal disadvantage of
the conventional endoscopic technique is that it is difficult to main-
tain precise control of the endoscopic instruments due to limitations
related to the movement of the instruments, the visualization of the
operative field, and the haptic input. If complex minimally invasive
procedures are to become more widely adopted by surgeons, signif-
icant improvements must therefore be made in the opérsting envi-
ronment.

The da Vinci® and the ZEUS™ Robotic Surgical System have been
introduced into clinical use. However, these robotic systems do not
apply to general surgical operation Toom because of their size, less
applicability, absence of image guide systems and restricted forcipate
device movement. The purpose of this project is to develop a Mag-

- petic Resonance (MR) image-guided surgical robotic system that

consists of a small surgical manipulator, real-time MR image guid-
ance and an operation table for the small surgical manipulator. The
general view of this system is shown in Fig. 1. To progress this
development, we divided the project into four phases.

Fig. 1 MR image-guided surgical robotic system

~ Phase 1: MR image-guided robotic puncture system

— Phase 2: MR image-guided robotic system for laparoscopic local
ablation therapy

- Phase 3: MR image-guided surgical robotic system for laparoscopic
surgery ’

~ Phase 4: MR image-guided surgical robotic system loaded with
multi DOF forceps

In this document we report on the second phase of this project, Phase
2: MR image-guided robotic system for laparoscopic local ablation
therapy.

2 Methods

We considered that the MR Image-guided surgical robotic system
must have the following properties: . .

1. A small surgical manipulator system which is MR-compaﬁble
2. MR-compatible surgical tools

3. A MR image-guidance system

4. An operation table for the small surgical robotic system

2.1 The small sirgical manipulator system

The small surgml manipulator system was deagned so it did not
interfere with' the’ receiving coil or a patient body surface in the
430 mm gap of the open MRI system (0.3T Airis-TI, Hitachi Medical
Corporation) and it must be made of MR-compatible matesial. It can
be attached to any position on the guide rail of the operation table
for the small surgical robotic system. The manipulator system con-
sists of the surgical tool grip manipulator and the MR-compatible

@ Springer
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surgical tool. The surgical tool grip manipulator has the guide frame
to attach the surgical tool grip mechanism and MR-compatible
transmission mechanism. The guide frame is placed on the guide rail
of the operation bed and the surgical tool grip mechanism can be
attached on the guide frame every 10°. We adopted a Remote Center
of Motion mechanism as the surgical tool grip mechanism with a
moving range of 60° around the pivot point. We equipped the sur-
gical tool grip manipulator with two joints for the back-and-forth
movement and rotation of surgical tool axis. The surgical tool was
equipped with three joints to achieve flexion, head bobbing, and
opening and closing movement at the leading edge. We designed the
' MR-compatible drive unit in detail and housed these units in the
surgical tool drive manipulator. In the future it could be controlled
from outside the MRI room.
2.2 The MR image guidance system .
To be abie to place the surgical devices on the target, an MR imager
to trace them was developed. This system, the Interactive Scan
Control (ISC), gives the operator the MR image plane with respect to
the device path detected by the optical tracking system (Polaris®,
Northern Digital Inc., Canada). This image changes in near real-time.
Another image-guided system, a three-dimensional high-resolution
image guide, was developed to display the placement of the devices
on volume rendering and three reformatted images from three-
dimensional data. These systems are linked and the operator can
. correctly place the device on the target by utilizing both these sys-
tems. -
2.3 Radiofrequency (RF) receive coil
We made the RF receive ¢oil not to interfere with the small surgical
manipulator and operation field, and a part of the coil was conmected
to the surgical operation table for the small manipulator system to
keep space for the patient. . )
2.4 The surgical operation table for the small manipulator system
This is similar to the conventional operation table and has a slide
table to be moved’into the gantry to 1,200 mm. It can be incorpo-
rated with the RF receive coil and equipped with the guide rail on the
both sides to attach the surgical manipulator which is attached every
30 mm. The materials are MR-compatible except for the motor.
2.5 Control unit for Phase 1 system
To control the Phasel system (MR image-guided robotic puncture
system) we made a hand-held MR-compatible switch controller uging
an optical fiber sensor. The operator can control the ablation needle
in eight different directions by manipulating the small surgical
manipulator with the switch.
2.6 Laparoscopic radiofrequency ablation therapy protocol for
the MR image-guided robotic system
The planned protocol for laparoscopic radiofrequenéy ablation
therapy using MR image-guided robotic system is shown in Table 1.
2.7 Phantom and ex-vivo testing
The protocol (Table 1) was tested using phantom and ex-vivo sam-
Ples and the Phase 2 system (Fig. 2), MR image-guided robotic sys-
tem for Japaroscopic local ablation therapy, was tested. Two surgical
manipulators were positioned. One for the MR-compatible RF probe
and the other for the MR-compatible laparoscope. The phantom was
made from agar and included cherries as the target.
Injtially we took the MR image for the three-dimensional high-res-
olution image-guide system. The operator controlled the manipulator
for the ablation needle using the hand switch, the 3D navigation and
ISC for viewing and tried to puncture the target, The ISC image was
updated every 2.0 s. In addition, RF ablation (a Cool-tip system from
Radionics, 120-125 W, 4 times roll off) was performed on an ex-vivo

pig liver and the ablated area in the MR image was compared with |

the macroscopic specimen.

3 Results

The operator could easily control the manipulator in the eight
directions using the hand-held MR-compatible switch utilising ISC
and a three-dimensional high-resolution image-guide, and suc-
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Table 1 The protocol of laparoscopic radiofrequency ablatioy
therapy using MR image-guided robotic system

. Action Staff

1 Fix the patient’s position Everyone

2 Prepare vital monitor, Anesthesiologist
draping of the patient, etc

3 Fix the surgical field and Assistant
placement of the RF receive coil

4 Begin the pneumoperitoneum Assistant

5 Registration of the operation Assistant
table and the MRI .

6 Slide the slide table into Technologist

: the gantry

7 Obtain of the 3D MR image Technologist

8 Slide the slide table from Technologist
the gantry

9 Preoperative planning from Operator
the 3D MR image

10 Attach the surgical manipulator Assistant

to the proper position
on the guide rail

11 - Insert the trocar Assistant, Operator

12 - Adjust the manipulator Operator, Assistant
13 Insert the laparoscope, needle, Operation, Assistant
and forceps
14 Slide the slide table Technologist
into the gantry
15 Begin the ISC Technologist
16 Control the manipulator to obtain Operator
the proper needle path
with the hand switch
17 Puncture the target Operator
18 Obtain of the 3D MR image Technologist
to assess the accuracy
of the puncture
19 Ablation Technologist
20 Obtain the 3D MR image to Technologist
assess the effect
of the treatment
Assessment Operation

21
22 (Retreat if it is necessary)
23 Treatnient is completed

ceeded to puncture the target. Three-dimensional MR image was

not influenced by the manipulator and the operator could catch the
placement of the needle in a treatment every time. ISC provided
the -operator with a near real-time MR image while the manipu-
lator worked. The 17G needle was shown as an artifact of arotnd
10 mm thickness.

Regarding the ex-vivo testing, the MR images showed a hypointense
lesion with the longest axis of about 30 mm. However, the contrast

Fig. 2 The profotype of the MR imagngu'ided robotic system for
laparoscopi¢ local ablation therapy
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between the ablated area and normal liver was indistinct and the
border of the ablated area was not clear. When the pre-treat image
was subtracted from the post-treat image, the border became clear.
On the other hand, the longest axis of ablated area was about 40 mm
when we sliced the liver with a plain needle. o

4 Discussion -~ - . ; C

We have successfully developed a MR image-guided robotic system
for laparoscopic local ablation therapy which is the second phase in
our total project of MR image-guided therapeutic systems.

The operator could easily puncture the target using the MR image-
- guided robotic system for laparoscopic local ablation therapy. On the
other hand, it seemed more difficult to operate a neédle by his own
band in pear real-time imaging. This is because the image update
time of the ISC is slightly longer than that of ultrasonnd, and it is easy
to lose sight of a target if he has a slight hand tremor. We think that
the manipulator is effective in shortening the time to place the needle
in the target becanse the tremor is filtered and delicate control is
possible via the hand switch. Alexis et al. {2] reported that the time
required for needle placement was 30-50 min per lesion in spite of
MR guidance. We think that the time of needle placement can be
shortened by utilising the manipulator. We will evaluate the feasi-

bility of this system in vivo from now on. When the in-vivo experi-

ment is performed, it needs to test MR compatibility with operation

equipment. For example, an anaesthesia device, a vital sign monitor,

electrosurgical devices, pneumoperitoneum equipment, an optical

tracking system, in-room monitor, etc.

The control unit for MR image-guided surgical robotic system (Phase

3, 4) is progressing now. Furthermore, it is often said that it is

important to plan the proper position of the manipulators before the

operation in robotic surgery, so they do not interfer with each other,

greater the numbers of manipulators, the more difficult it is to po-
sition them. We are developing a preoperative simulation system. It
allows us to plan the placement of the manipulator and trocars for
each procedure. Also, this system will enable us to plan the proper
needle path for puncture, 50 as not injure important vessels and be
minimally invasive. We will investigate the function to automatically
set the direction and position of the manipulator on the basis of the
result of preoperative simulation.

5 Conclusion

MR image-guided robotic system for laparoscopic local ablation
therapy can help the operator precisely puncture the target.
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A soft robotics approach for navigated pedicle screw placement:
first experimental results
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Abstract In this article experimental results for robot assisted navi-
gated drilling and milling for pedicle screw placement are pre-
sented First, the clinical motivation is given. Thereafter, the

do not disturb the operation, and have enough moving range. The .

experimental set-up is described which consists of a navigation sys-
temn and an impedance controlled light-weight robot holding the
propulsion unit of the surgical instrument. The navigation system is
used to position the surgical instrument as well as to compensate for
pose errors during machining. Holes are drilled in artificial bone to
obtainsﬁnﬂarexpeﬁmmﬂcondiﬁonsaswenasinbovinespine.ne
i:ntmacﬁonfomesandposemo:sa:ediscusedwitbrxpeatothe
chosen machining technology. It is shown that milling is superior to

drilling.

Keywords Soft robotics - Hands on robotics - Robotic surgery -
Spine surgery - Pedicle screw placement -

Intragperative navigation - Machining force -Pose error

1 Clinical motivation

Serious diseases of the spine such as instable fractures of the lower
thoracic and lumbar spine or severe spinal defects after tumor
Tesections are increasingly treated with a so-called transpedicular
fixation with fixateur interne: screws are placed into the nearest intact
vertebral bodies above and below the lesion and stiffened with each
other by means of titanium rods. The screws must be placed very
accurately since they are close to delicate structures, such as the
spinal canal or the aorta.

In order to support the surgeon surgical navigation systems have
recently been introduced: The pose of the tracked instrument is
displayed on preoperatively acquired images, thus helping the sur-
geon to avoid delicate areas. Despite a significant reduction of mal-
positioned screws [1-3], some severe disadvantages still remain: (a)
cumbersome hand-eye coordination, (b) frequent changes of the
field of view in combination with new -eye accommodation, and (c)
display of a 3D pose error on a 2D screen. Additionally, the unip-
tentional slipping of the drill tip can not be avoided.

The combination of a robot with a navigation system enables an
important step for closing the gap in the flow of information between
therapy planning and therapy execution. With such a combination
the data gained from navigation can be optimally-and directly inte-
grated into the therapy and the before mentioned disadvantages can
be avoided. The proposed system does not execuite the task auton-
omously (such as RoboDoc™ or Caspar™) but is rather manually
guided by the surgeon (i. e. soft robotics) along trajectories defined
by the planning system. Thus the surgeon keeps full control 6ver the
system at any stage of the medical workflow. The authors believe that
this approach combines the advantages of both, navigation and
robotics but avoids at the same time their respective disadvantages.
This paper focuses on first drilling/milling experiments performed
with such a system, discusses the achieved accuracy, and tries to find
the optimal bone machining technology.

2 Experimental set-up

The complete experimental set-up consisting of the DLR light-weight
robot [4] holding the surgical instrument, a VectorVision™ naviga-
tion system from Brainl.AB, and a registered patient is shown in
Fig. 1. The impedance controlled robot is equipped with joint torque
sensors, allowing for the measurement of forces/torques applied to

Fig. 1 Experimental setup with torque controlled light-weight robot
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Abstract

In the endoscopic surgical fields, much information which could be used intraoperatively is strongly demanded.
We formulated a new magneto-optic hybrid 3D sensor configuration, and have developed an augmented reality navigation
system using the accurate three dimensional sensor system that can be utilized in the endoscopic surgeries. This system
measures the 3D position of the tip of ultrasound probe in the abdominal cavity using magnetic 3D position tracker. Accuracy
of the magnetic tracker is affected by metallic objects such as surgical tools that distort the magnetic field. We propose
real-time distortion correction of the magnetic fields using a magneto-optic hybrid 3D position tracker aiming to acquire the
accurate 3D ultrasound image. In this paper, we evaluated the effectiveness of the navigation system especially that of our
method of rapid distortion correction of magneﬁc fields in the operative environment. The error caused by magnetic
distortion was reduced from 34.6 mm to 2.59 mm in position and from 9.08 degrees to 0.82 degrees in orientation. The time
to obtain the calibration data was 69 seconds. Three dimensional ultrasound imaging has the advantage that real time imaging

is acquirable, regardless of organ shift or distortion. Our experimental results showed the proposed method was effective
Key words . .
Augmented reality Navigation, Magnetic distortion correction, 3D-US, Endoscopic Surgery.
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"~ Rotary cncod.r for measuring

~~_ Optical marker for measuring
Fig.2 Calibration system of oblique-viewing endoscope :
View position was measured from optical tracking and
rotary encoding.
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Fig.4 Experimental Environment of in vivo evaluation.
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Fig.5 Scenery of in vivo experiment.
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