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Development of stress-free, wearable-oriented hemodynamic monitor, and
hemodynamic management system
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In this research project, we developed prototypes of potentially wearable,
stress-free, non-invasive devices to monitor critical hemodynamic variables including arterial
blood pressure (BP), cardiac output (CO), and atrial pressures. We have first developed a minimally
occlusive cuff BP monitor, which utilizes a thin plate-type ultrasound probe placed between the cuff

and the skin. In 6 anesthetized animals, we validated that the reliability of the BP monitor was
acceptable according to the AAMI/ZISO standards. In the wearable monitor, we planned to implement a
module to estimate CO from the BP pulse contour obtainable with use of the developed BP monitor. As
the prototype of CO monitor, we have developed a trans-esophageal Doppler CO monitor, which utilizes
a peripheral BP pulse contour and a machine learning approach. In 12 anesthetized animals, we have
validated that the developed CO monitor tracks changes in CO with acceptable reliability under
diverse hemodynamic conditions.
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Uemura K, Kawada T, Sugimachi M. A novel minimally-occlusive cuff method utilizing
ultrasound vascular imaging for stress-free blood pressure measurement: a-proof-of-
concept study. IEEE Trans Biomed Eng. 2019, 66: 934-945.
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Uemura K, Nishikawa T, Kawada T, Sugimachi M. A Minimally-Occlusive Cuff Method
Utilizing Ultrasound Vascular Imaging for Stress-Free Blood Pressure Measurement: An
Implementation of Machine Learning to Improve the Measurement Precision. presented at

\
|

/58
S
-

1CBME2019 Abstract#: ICBME1066
@
COaa_est COref 4
(a) COaa_est 4 (b) COaa_est %
120
o 30 9% ( a)
90 150 %E 20
6 E< g, 91 ( b)

COda_est COref 4

w
t=}

180

%ACOaa_est

o

93 ( c)
y=x+2.8 210 . 330
80 “E X R?=0.86
. P<0.0001
601/ 8 94
60 -30 0 30 60 90 120 270
%ACOref (%) ( d)
(c) COda_est 4 (d) COda_est
90
120
‘e o 8 &
90 LI/ £ 20
. 150 o TED
g ea -
ej: 60 e o ET 10 7
17 . o o ‘e
Q . o L
< 307 LI 180 0 Co
3 .’./..-"
O 0 o oy
2 o0 o’ %
o o = ~
o y=0.77x+5.8 N
-30 o8 R?=0.83 210 . 330
L " P<0.0001
-60 *

0 30 60 90 120 270
%ACOref (%)

Uemura K, Nishikawa T, Kawada T, Zheng C, Li M, Saku K, Sugimachi M. A novel method of
trans-esophageal Doppler cardiac output monitoring utilizing peripheral arterial pulse
contour with/without machine learning approach. J Clin Monit Comput. 2021 Feb 17. doi:
10.1007/s10877-021-00671-7. Epub ahead of print. PMID: 33598822.
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Nishikawa T, Uemura K, Hayama Y, Kawada T, Saku K, Sugimachi M. Development of an
automated closed-loop B -blocker delivery system to stably reduce myocardial oxygen
consumption without inducing circulatory collapse in a canine heart failure model: a
proof of concept study. J Clin Monit Comput. 2021 May 10. doi: 10.1007/s10877-021-
00717-w. Epub ahead of print. PMID: 33969457.
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