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Practical Research Project for Life-Style related Diseases including

Cardiovascular Diseases and Diabetes Mellitus
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Clinical evaluation to accelerate realization of cuffless wearable
manometer for continuous monitor/variability analysis and its

application for wireless remote system
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After confirming the safety requirements (regarding to electrical and ultrasonic requirements) of
the first prototype (bedside fixed type), we have obtained ethical Institutional Review Board
approval of clinical evaluation study using this device on December 26th, 2014. We have planned to
ask 20 patients with hypertension to participate, and data from these patients has been compared
with those from healthy volunteers obtained in Seiko Epson Corporation.

Despite the precision fulfilling AAMI Standard in healthy subject, clinical evaluation with first
prototype in patients with hypertension failed to show sufficient precision, due to arteries located
deeper in more fatty tissue. Accordingly, we prematurely terminated this clinical evaluation with
only 7 cases on May, 2015.

Further analyses have indicated the following device factors that need improvement.

1. too narrow sensor to force measurement at the edge of the sensor with time
2. insufficient image processing

3. lack of ultrasonic power to penetrate fatty tissue layer

4. difficulty in attaching sensor

Based on these results, the prototype has been improved by September, 2015. We further planned
clinical evaluation of the second prototype. Similarly, after confirming the safety requirements
(regarding to electrical and ultrasonic requirements), we have obtained ethical Institutional Review
Board approval of clinical evaluation study using this device on November 13th, 2015.

We, however, have known that, even in human carotid arteries, vessel elasticity (beta index)
would slowly change in the longer time frame. This fact has been obtained in the longer
measurement in healthy subjects, before we recruited patients with hypertension to measure data.



To approach the problems unsolvable only by clinical evaluation, we dramatically changed
hemodynamics of large anesthetized dogs with the use of vasoconstrictors, vasodilators, inotropes,
infusion and blood removal, and examined blood pressure-carotid artery diameter relationships.
Changes in vessel elasticity (beta index) were ignorable except with large dose of vasoconstrictors.
Precision of blood pressure was also reasonable except with large dose of vasoconstrictors. At the
same time, histological examination clearly indicated the existence of smooth muscle even in aorta, a
representative elastic artery. It should be concluded that “changes in vessel elasticity (beta index)
were not ignorable,” even after the consideration of species difference.

Again in animal experiments, we tried to improve measurement methods, cancelling of vessel
elasticity (beta index) by pulse wave velocity (patent applied), and intermittent calibration using
very low cuff pressure inflation. Though the third prototype should include these advancements, we
have failed to conduct clinical evaluation with these methods, because we should continue
developments to solve the following problems: measurement of pulse wave velocity with carotid
artery diameter is less precise, and absolute pressure value by intermittent calibration with low
pressure cuff inflation is not precise enough.

In summary, we have achieved the followings.

We have devised a method to improve precision of pressure measurement with the use of pulse

wave velocity even during changes in beta index (patent applied)

We have devised a method to improve precision of pressure measurement with calibration using

low pressure cuff inflation

We have published (in paper and conference) the possibility of automatic treatment of heart

failure by combining these pressure measurement and noninvasive measurement methods of

cardiac output and left atrial pressure
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