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Currently, many surgical procedures are shifting from direct, open surgery, in which a large incision is made
through the skin to reach the affected area, to less invasive endovascular treatment using catheters, specular surgery, and
robot-assisted surgery. In direct surgery, surgeons have empirically and sensitively judged the "viability" of tissues by
directly seeing and touching them to feel their blood flow, oxygen distribution, and temperature. On the other hand, most of
the information obtained in catheterization, laparoscopic surgery, and robotic surgery is visual information obtained mainly
through monitors. Therefore, a function (parameter acquisition) that can sense the " viability " of tissues instead of the
surgeon's eyes and fingers is needed during surgery. This research aims to develop a device that can measure tissue oxygen
saturation and temperature in real time, acquire and display the data, and display them on an integrated monitor in a smart
operating room, etc., during surgery. The goal is to develop a device that can measure tissue oxygen saturation and
temperature in real time, acquire and display the data, and display the measured values on an integrated monitor in a smart
operating room. Skin oxygenation measurement is used in patients with arteriosclerosis obliterans (ASO or PAD), where
oxygen levels are significantly reduced due to decreased blood flow, and if left untreated, ulceration and necrosis will occur,
resulting in amputation of the limb. To improve blood flow, catheters are inserted into blood vessels and vasodilatation or
stenting procedures are performed, or direct bypass surgery is performed to improve blood flow to the ischemic site. The
problem is that the surgeon cannot determine how much blood flow (tissue oxygenation) is improved by these surgical
procedures because there is currently no equipment to monitor skin oxygenation intraoperatively. Hamamatsu University
School of Medicine, Shizuoka University, and Astem Corporation have already developed and marketed an ultra-compact
near-infrared oximeter for fetal and neonatal patients. This is a small device that can measure oxygen saturation by directly
touching the fetal head via transvaginal internal examination. This device is specialized for measuring oxygen saturation in
fetal brain and skin tissue, but this project aimed to develop a skin tissue oximeter that enables intraoperative monitoring to
measure intraoperative skin oxygen concentrations. he results of the 2017 and 2018 fiscal year showed that the skin
oximeter "TOE-20", a product of this project, will enable a new treatment method called TOE (Target-region Oxygenation-
based Endovascular therapy) in endovascular therapy. We believe that TOE will revolutionize the treatment in this area. In
FY2019, a prototype of TOE-20 will be manufactured to enable TOE in clinical practice and will be used in patients with
peripheral arterial occlusive disease (PAD). The TOE-20 prototype was used to perform TOE on patients with peripheral
arterial occlusive disease (PAD), and a patent application was filed (Patent Application 2019-204705). Furthermore, in the
course of verifying the usefulness of the device, a new international patent application (PCT/JP2020/39614) was filed and
the product was launched in FY2020. The results of the 2017 and 2018 fiscal year showed that the skin oximeter "TOE-20",
a product of this project, will enable a new treatment method called TOE (Target-region Oxygenation-based Endovascular
therapy) in endovascular therapy. We believe that TOE will revolutionize the treatment in this area. In FY2019, a prototype
of TOE-20 will be manufactured to enable TOE in clinical practice and will be used in patients with peripheral arterial
occlusive disease (PAD). The TOE-20 prototype was used to perform TOE on patients with peripheral arterial occlusive
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disease (PAD), and a patent application was filed (Patent Application 2019-204705). Furthermore, in the course of verifying
the usefulness of the device, a new international patent application (PCT/JP2020/39614) was filed and the product was
launched in FY2020.

Meanwhile, the second development goal of this project, a sterilizable, single-use, battery-integrated skin
oximeter (a.k.a. eraser-type oximeter) for use by the surgeon during surgery by directly grasping it in contact with tissue,
has been under development since FY 2018 and is also progressing smoothly. In FY2019, a prototype device will be
developed to minimize the effect on the near-infrared signal and to reproducibly obtain tissue oxygen saturation (rSO2)
values similar to those obtained by the conventional Toccare® measurement algorithm, while placing an electrically
insulating band between the oximeter and the contacting tissue, which has been an issue so far. In FY2020, the prototype
was tested on the ischemic limb of an actual ASO patient, as was done during the development of the TOE-20, and the
correlation of values with those of conventional clinical devices (transcutaneous partial pressure of oxygen measurement
device and skin perfusion pressure measurement device) was investigated. In FY2021, the final year of the project, we will
apply to the Ethics Committee for specific clinical research, and after approval, we plan to apply the battery-integrated
(eraser-type) oximeter sterilized during actual surgery in vascular surgery for revascularization procedures and market it
with its usefulness data (assuming Class II, certified product).

The third goal of this project is to develop a tissue oximeter for the intestinal tract (colon), the main purpose of
which is to prevent suture insufficiency. When the intestinal tract is anastomosed at a site with poor blood flow during
surgery, suture failure occurs, causing leakage of feces from the intestinal tract and spread of infection and inflammation to
the surrounding area, resulting in serious peritonitis. In a rectal cancer surgery called low anterior resection, the incidence of
suture failure is reported to be about 10%. In recent years, the majority of surgeries in this area are shifting to laparoscopic
surgery, necessitating the development of a small oximeter that can be attached to the tip of laparoscopic surgical forceps
and inserted through a forceps port with a diameter of 12 mm. In FY 2019, we combined this microchip with commercially
available batteries to develop a prototype oximeter that can be attached to the tip of the forceps for laparoscopic surgery. In
FY2021, it is first necessary to manufacture a prototype that solves the aforementioned problems. After that, we will obtain
certification from the Ethics Committee and begin specific clinical research. In the specific clinical study, the safety and
operability of the oximeter should be verified, and a comparison with the blood flow evaluation using the indocyanine green
fluorescent dye method would be necessary. In addition, preparatory interviews were held with the PMDA to determine
whether a clinical trial is necessary for the future launch of the product.

In FY2021, the team of Tokyo Women's Medical University and OPEXPARK jointly studied with us for the
connection to the SCOT integrated monitor developed by the team of Tokyo Women's Medical University and OPExPARK,
Inc. We confirmed with the Tokyo Women's Medical University team that the three developments mentioned above, i.e.,
TOE-20, an eraser-type skin contact oximeter, and an endoscope forceps tip oximeter, can be connected to the SCOT

integrated monitor so that their measured values can be displayed on the integrated monitor.



