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Background of Research and Development

In Japan, approximately 2.85 million surgeries requiring general anesthesia are performed
annually, and this number continues to rise. However, with only about 13,000
anesthesiologists nationwide, staffing rural areas remains a significant challenge.
Consequently, many anesthesiologists face long working hours, underscoring the urgent need
for workstyle reform. As surgical demand increases, interest has grown in involving non-—
anesthesiologists in anesthesia management. However, this approach raises serious concerns
regarding patient safety.

Research Goals and Objectives

Funded by the Japan Agency for Medical Research and Development (AMED) as part of a
government—commissioned initiative, we developed a closed—loop anesthesia system that
autonomously regulates hypnotics, analgesics, and neuromuscular blockers based on real-time
vital sign monitoring. Commercialized in July 2023 by Nihon Kohden, the system helps reduce
anesthesiologist workload during general anesthesia. However, intraoperative hemodynamic
management—including vasopressor titration, fluid therapy, and circulatory stabilization—
continues to be manually performed and remains a critical task. Given the interdependence
between hemodynamic stability and anesthetic drug responsiveness, our current research
focuses on developing an automated hemodynamic control system. This system aims to maintain
circulatory homeostasis during surgery, thereby enhancing the precision and safety of

anesthetic drug delivery through integrated closed—loop control.

Research Approach

We initially developed two independent closed-loop control programs: one for intravenous
fluid management and another for vasoactive drug administration. Each program was evaluated
through dedicated clinical studies. Based on the results, the control algorithms were refined
and integrated into a unified hemodynamic management system. This integrated system is

currently undergoing clinical evaluation, including an investigator—initiated trial.

Research Outcomes

Closed—loop control programs for fluid and vasoactive drug administration were successfully
developed. In two targeted <clinical studies, both systems effectively prevented
intraoperative hypotension during general anesthesia. Based on these findings, we enhanced
the system’ s safety and efficacy and launched an investigator—initiated clinical trial in
October 2024 across four institutions (Fukui University, Kyushu University, Miyazaki
University, and the University of Tokyo), enrolling 127 cases. The trial demonstrated non—
inferiority in blood pressure control compared to manual methods, with no device-related

adverse events, confirming the system’ s clinical safety and effectiveness.

Future Development

A physician—initiated clinical trial was conducted to assess a novel medical device. The
final study report will be submitted to Nihon Kohden Corporation, which will ensure compliance
with current regulatory standards and proceed with a PMDA application for product

commercialization.



