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Abstract

During the perioperative period, various respiratory complications can occur, including airway obstruction due to
sputum, laryngeal edema, laryngospasm, ventilatory failure and hypoxemia due to pulmonary edema, and pneumothorax. In
current medical practice, continuous monitors such as SpO2 and EtCO2 are used to detect respiratory complications. However,
these respiratory monitors do not show abnormal values until respiratory complications become severe. Furthermore, these
values only indirectly evaluate respiratory conditions and do not reflect the pathophysiology in the lungs. When suspecting
the occurrence of respiratory complications, anesthesiologists often perform auscultation of respiratory sounds, but
auscultation can only be performed intermittently. Furthermore, auscultation is subjective, and the results cannot be
objectively shared. Thus, it is highly possible that existing respiratory monitoring alone does not adequately evaluate
respiratory complications.

The aim of this study was to develop a continuous respiratory sound monitoring system that enables rapid, intuitive,
and objective evaluation of respiratory complications. We aimed to enable early diagnosis of various respiratory complications
not only during surgery but also in the perioperative period to avoid the risk of serious illness, sequelae, and death in patients.
We improved an automatic respiratory sound analysis system that was already under development in collaboration with
Pioneer Corporation. We improved the sensor probe to a small, thin, and attachable type, and also improved the sensor probe
to be multi-channel so that respiratory sounds can be simultaneously analyzed from multiple locations on the chest. The
respiratory sound analysis algorithm uses machine learning. This enables simultaneous and real-time analysis of respiratory
sounds from multiple sites. These modifications led us to the following clinical results.

*  Respiratory complications (e.g., airway narrowing) after tracheal tube removal could be detected by this system from a
point in time too early to be recognized by human hearing.

*  The system was able to promptly detect complications such as inadequate oxygen supply to the patient due to abnormal
position of the supraglottic device (a simple method of securing the airway without inserting a tube into the trachea).

*  The system was able to accurately evaluate the occurrence of esophageal intubation (a complication in which a tube
accidentally strays into the esophagus).

*  During dental anesthesia, saliva and blood in the oral cavity can cause airway narrowing. This system enabled rapid
evaluation of these complications.

The system has passed safety tests. The design for mass production for commercialization has been completed. We
have prepared for the Pharmaceuticals and Medical Devices Act. In the near future, this system would to be useful as a
continuous respiratory sound monitoring system in various critical care settings, including not only operating rooms but also

emergency rooms, intensive care units, home healthcare, telemedicine, and dentistry.
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