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(I FE) Research and development of the microsurgical robot system that facilitates

vascular anastomosis within 1 mm diameter
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Outline of research and development

Results of research and development and their significance, etc.

As a background of research and development, excellent technology is required to
recognize and identify delicate tissues such as nerves, microvessels, and lymphatic
vessels, and to safely and reliably perform minimally invasive and highly precise surgery
and treatment. , High expertise is required. In such a situation, Japan s advanced
microfabrication and precision processing technology can be applied to the development of
medical equipment. The microsurgical robot proposed in this project has aimed to achieve
them that is (1) a doctor’s “hand” function that achieves ultra—precision tracking accuracy
of = 0.01 mm, (2) a doctor’s “eye” function that has an 8K 3D microscopic system, and (3)
a doctor’s “brain” function that has a navigation system by Al.

First, as an intermediate goal (stage gate), we set a demonstration of basic performance
using a prototype two years later. The first prototype was manufactured as a microsurgical
robot system with all the required functions.

(1) Regarding the function of the doctor’s “hand”, we have newly manufactured a parallel
link robot for the fingers that can be finely operated, which has been developed at Kyushu
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University. An industrial robot was installed on both arms as a robot for the arms and
shoulders. In order to operate the compound robot, we created a master manipulator that
serves as a pair of left and right operating trunks, and developed software that works in
an integrated manner. (2) As a doctor’ s “eye” function, we have developed an 8K3D
microscopic endoscope with 8K resolution and a 55—inch 8K3D monitor that outputs the image
3D images are observed by wearing polarized glasses

By fusing these “hand” and “eye” functions, the end face of a blood vessel with a
diameter of 1 mm is magnified more than 50 times on a 55—-inch monitor, and the robot
forceps are operated by reducing the movement ratio with a master manipulator. The robot
forceps can be moved freely with 6 degrees of freedom, grasp the 10-0 size suture needle
thread (5 mm length, needle thickness 100 um) placed near the end face of the blood vessel
in the optimum direction, pierce the needle, and insert the thread. I was able to pass it
After passing a needle thread through the end face of the blood vessel on the opposite
side, the blood vessel could be connected by tying the thread with robot forceps. By
performing this work at 6 locations on the circumference of a blood vessel with a diameter
of 1 mm and adjacent threads at intervals of about 0.5 mm, vascular anastomosis could be
completed. For robot forceps, we developed scissors other than tweezers and needle holders,
and were able to cut 12-0 sutures (thickness 50 um).

Using this prototype No. 1, we succeeded in vascular anastomosis of the femoral artery
(diameter about 0.8 mm) of a rat. Based on these results, we obtained a POC and passed
through the stage gate.

(3) Regarding the function of the doctor’s “brain”, a technical survey was conducted on
the identification of blood vessels, lymph vessels, and nerves from intraoperative images
It was possible to confirm the resumption of blood flow by imaging changes in blood oxygen
saturation. We also investigated the construction of an intraoperative image identification
system using Al using intraoperative images of blood vessels, lymphatic vessels, and nerves
as teacher data.

As a project, PMDA general consultation was conducted and advice was obtained regarding
application categories and test contents. We also examined the information infrastructure
connection of SCOT (Smart Cyber Operating Theater).

The target surgical procedure was breast reconstruction surgery performed in association
with breast cancer surgery, and the surgery was performed using the patient’ s own abdominal
tissue. The skin and adipose tissue of the abdomen to be transplanted are separated from
the associated arteries and veins, and the blood vessels are connected to the internal
thoracic arteries and veins in the chest for transplantation. At this time, the diameter of
the blood vessels to be connected is about 1 mm, and microsurgery is performed. The number
of breast cancer patients in Japan is 52,500 (accumulated from the “6th NDB Open Data” by
the Ministry of Health, Labor and Welfare), which is the largest number of cancers peculiar
to women. In addition, breast cancer has become a social problem because it causes great
physical and mental distress for patients. Breast reconstruction is important to maintain

postoperative quality of life, especially when the breast is resected



Other target cases include lymphatic anastomosis for the treatment of lymphedema,
vascular anastomosis in reconstructive surgery for head and neck cancer, adhesion of cut
fingers, cerebral infarction and liver transplantation. We will proceed with these studies
in the same way.

The results of this research and development are summarized below.

- It was possible to demonstrate that the prototype No. 2 can perform a blood vessel
anastomosis with a diameter of 1 mm with robot support.

+ (3) As a function of the “brain”, it was confirmed that the Al intraoperative image
identification system is useful for spectral image analysis and identification of blood
vessels, lymph vessels, and nerves in confirmation of resumption of blood flow after
microvascular anastomosis

- PMDA general consultation was conducted and useful advice was obtained regarding
application categories and test contents.

- We examined the technology of the information infrastructure connection of the smart

treatment room with the developer, Tokyo Women’ s Medical University.

In addition, this business was inherited by a newly established venture company



