Fig. 15.

Experiment environment

the inside of the melamine form which is part of lungs
make the cavity. Considering part of simulated cancer tumor,
experimental condition was restricted because placement of
cancer tumor was fixed. Therefore, it is necessary to make
the structure that can change the position of cancer tumor.

VI. CONCLUSION

In this paper, phantom for CT-IVR which is used in
phantom puncture experiment aimed to realization of IVR
robot was developed. Then this phantom was used in the
experiment and received both of evaluations and advices
from a doctor. There are three future problems. First, part
of bones are selected again. Secondly, lacking parts such as
a heart are added. Finally, the function that can change the
position of cancer tumor is added.
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Development of a Robot for CT Fluoroscopy-guided Intervention:
Free Physicians from Radiation

Department of Radiology, Okayama University Medical School
Takao Hiraki, Susumu Kanazawa
Okayama University Graduate School of Natural Science and Technology
Tetsushi Kamegawa, Takayuki Matsuno

® Summary @

Computed tomography (CT) fluoroscopy is a useful imaging modality for guiding various
interventional procedures (e.g., ablation, biopsy, and drainage). However, radiation exposure
is a major disadvantage of CT fluoroscopy guidance. Even if a physician uses 17-cm forceps,
radiation exposure to their hand is 7.0 pGy/s (120 kV; 30 mA). The average activation time
for CT fluoroscopy in a lung biopsy has been reported to be approximately 90 s. It is expected
that the activation time would be longer for more complex procedures such as ablation for
large tumors. Therefore, radiation exposure during CT fluoroscopy is a serious concern for
physicians.

Robotic surgery, which is the preferred surgical method for 80% of prostate cancer
surgeries in the United States, has been shown to reduce procedural complications.
We hypothesized that robotic technology might be more easily applied to CT-guided
interventions. If physicians performed CT-guided interventions using a robot that they
controlled from a location far from the CT gantry, radiation exposure to physicians could be
minimized. However, issues such as metal artifacts and the limited workspace may hinder
the development of a robot for CT-guided interventions. More specifically, the robot must
be constructed of non-metal materials and it must fit in a small space within the CT gantry.
Despite these limitations, we have developed a prototype model of the robot.

The prototype has 5 degrees of freedom and can be remotely operated with a joystick
controller. Phantom experiments using the prototype showed no radiation exposure to the
operating physician during the procedure. In this article, we will provide an overview of the
development of this prototype model, present the limitations of the prototype, and discuss
future prospects.

FL®IC
® Robot CTBE T I8t 200 L CFF 5 IVRIZIE, 4, FL
®IvE FoU, 3 UAPAE, HASAES S ST h > T
® CT-guided WB, CTIREN, BEMCEATHY, CTEEA
7 ® Radiation exposure DA A LCEFCE B CTBHY 25 A%, VRO
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Fig.1 Robot working space measured using Aquilion CT
(Toshiba Medical Systems, Inc.; Otawara, Japan)
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Fig.2 lllustration of the initial proposed robot

The robot was constructed as a serial link struc-
ture and consisted of a hand part and a rail part.
The hand part has 3 degrees of freedom to insert
and remove the needle and rotate the needle in
both the lateral and craniocaudal directions of the
patient. The rail part has 2 slide motion mech-
anisms to slide the hand part along the rail and
to slide itself in the craniocaudal direction of the
patient. (reprinted from ref.3)

Prototype of the hand part
An end effector (large arrow) to hold the needle is
attached to the hand part. The needle is inserted
or removed by moving the hand part down or up,
respectively, with a rack and pinion mechanism
(small arrow) that is driven by a motor (arrow-
head). (reprinted from ref.3)
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Fig.4 lllustration of the gimbal mechanism of
the hand part
The gimbal mechanism enables the needle
to incline in both the lateral and craniocau-
dal directions of the patient (arrows).
(reprinted from ref.3)
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Fig.5 Structure of the remotely operated system

The robot is remotely operated by inputting commands using a joystick controller. The commands
via the controller are interpreted by the computer and then transmitted to the microcontroller via
a serial communication cable. The microcontrollers are connected to each other by controlled
area network (CAN) communication. The motors are connected to the motor driver and driven by
pulse width modulation (PWM) signals from the microcontrollers. (reprinted from ref.3)
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Illustration of new robot design

The hand part is affixed to a connection part (large arrowhead) by a long bar
| (small white arrow). The bar can be rotated around its axis (circled black arrow)
to incline the hand part in the lateral direction of the patient. Along the arc guide
rail (large white arrows), the connection part slides (curved black arrows). The
arc guide rail is connected to another linear guide rail that slides in the craniocau-
dal direction of the patient (straight black arrow). Screws (small arrowheads) are
used to affix the robot to the CT table. (reprinted from ref.4)
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Fig.7 Image of the modified hand section
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The needle is inclined in the craniocaudal direction by driving the parallel link mechanism (arrows) with
the timing belt (arrowheads). The needle is either inserted or removed by transferring the parallel link
mechanism along the liner slide. (reprinted from ref.4)

Fig.8 Photographs of the prototype robot
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Radiation exposure to physician during phantom experiment

Puncture method Distance from

CT-fluoroscopy

Total radiation Radiation exposure

CT gantry (m) time (sec) exposure (uSv)  per sec (uSv/sec)
Manual 0.5 40 14 0.85
Robotic without shield 4.3 200 5 0.025
Robotic behind shield 4.3 51 0 0
Motor2 Motors AT
Motor4
Motor3 [|__| L
<
Needle part
/ Motor1
—| —
J ] LI

Fig.9 Degrees of freedom and motor arrangement of
the prototype robot
The prototype robot has a total of 5 degrees of
freedom. The hand and rail parts have 2 and 3
degrees of freedom, respectively. Each degree of
freedom is driven by a different motor- motor 1 is
used to slide the arc guide rail in the craniocaudal
direction, motor 2 is used to slide the connection
part along the arc guide, motor 3 is used to rotate
the bar around its axis, motor 4 is used to incline
the needle in the craniocaudal direction, and
motor 5 is used to insert or remove the needle.
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Fig.10

Photograph of phantom experiment with the
prototype robot

The operator (black arrow) remotely controls
the robot using a joystick controller (black
arrowhead) from behind a shield. A web cam-
era (white arrow) is placed to display an image
within the CT gantry. The image within the CT
gantry (white arrowhead) and CT fluoroscopic
images are displayed on the monitor for the phy-
sician.
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