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Non-invasive, real-time measurement of peripheral arterial stiffness to visualize anxiety and pain.
This is the world's first technology that can quantitatively evaluate the stiffness of blood vessels in real time by measuring blood pressure and blood vessel volume
with a device worn on the fingertip or wrist. The wearable device, which can measure blood pressure and pulse, can acquire data to evaluate siress, pain, and so
on over time. Information on health and mental health can be obtained easily.

Applications: Healthcare devices, diagnostic equipment, marketing, and product development, risk management, and so on,
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“Pain”is very important information for the diagnosis and treatment of Measuring negative emotions

diseases, but the intensity of pain cannot be quantified or evaluated objec-
tively. This tool was developed in an effort to quantify pain. The key is the
stiffness of the peripheral blood vessels (peripheral arterial stiffness). When
exposed to pain or unpleasant stimuli, the walls (muscles) of peripheral
blood vessels stiffen with sympathetic activity. Since the greater the pain,
the greater the value of the peripheral arterial stiffness, this can be used as
an indicator of pain. We confirmed that mental stress also causes changes

in peripheral arterial stiffness. The value of peripheral arterial stiffness is cal- 5.
culated from blood pressure and blood flow, and these two data can now
be easily obtained noninvasively. A wearable device such as a smartwatch
can also have a function to measure peripheral arterial stiffness, and we are
developing a prototype. Quantitative evaluation of the intensity of pain and
anxiety is useful in the diagnosis and treatment of painful diseases and in
the field of mental health. It can also be used to measure the stress people
feel in various aspects of society and help realize a society where everyone
can live comfortably. In addition, by measuring changes in peripheral arteri-
al stiffness due to aging and lifestyle, it is expected that prevention and
early treatment of cardiovascular diseases such as arteriosclerosis will
become possible.
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| Practical use level

By wearing the blood pressure and blood flow measuring device on the
fingertip or wrist, the stiffness of peripheral blood vessels can be evaluated
in real time (evaluation of changes over time). The time required for the
measurement is less than one second.

With a high-performance blood pressure monitor, arterial stiffness can be
measured in milliseconds.

I Scenes of use

@Healthcare, mental healthcare (depression prevention, and so on)
@Diagnosis and treatment of painful diseases

@®Monitoring evaluations (products, services, videos, entertainment, and so on)
@Improvement in productivity and acquisition of skills

@Nursing care, nursing, and education

Technology Overview

The walls of blood vessels expand and contract according to the rhythm
of the heart. When the blood vessels are stiff, the stretch degree is small
and the blood volume change is small; when the blood vessels are soft, the
stretch degree is large and the blood volume change increases. In other
words, if blood pressure and blood volume can be measured simultaneous-
ly, the stiffness of the peripheral blood vessels at that point can be calculat-
ed using a relatively simple formula. Blood pressure fluctuates from high to
low at each beat. There are blood pressure monitors on the market that can
continuously measure blood pressure, including the values from the highest
and lowest. Therefore, we can use a blood pressure monitor with the nec-
essary functions and accuracy. Blood volume is measured by shining light
with a wavelength that is well absorbed by blood onto the area to be mea-
sured (finger, palm, and so on) and detecting the light transmitted to the
opposite side by a photodiode. We confirmed that changes in peripheral
arterial stiffness due to pain stimulation can be used as an indicator of pain
in experiments using fMRI to measure brain activity.

BEquipment required for measurement

A blood pressure monitor capable of continuous measurement was worn on
the arm, and a plethysmogram (measuring blood volume change) was worn on
the fingertip. The acquired data are processed by a laptop computer or other
devices, and the value of the arterial stiffness can be displayed in real time.
(We are developing a wearable device} We are now developing a device
that adds a blood flow measurement function based on an existing
smartwatch that can measure blood pressure. The smartwatch can
calculate and display the data. This can be used for health management by
continuously measuring the device 24 hours a day and synchronizing the
data with a smartphone/PC.
B Output data

The output is the “Standardized Arterial Stiffness” Bart value, which
represents peripheral arterial stiffness (vessel stiffness).

The output data includes continuous changes in almost real time.

If a high-performance blood pressure monitor was used, it was possible
to acquire 1000 data per second.
{Output according to application) As with measuring instruments, it is
possible to develop systems that acquire, visualize, and output data
according to the application.
BEMeasurement method

Measurements can be taken immediately after installation without
calibration. However, depending on the subject, it may take some time for
the changes in blood pressure and heart rate to appear due to tension and
physical activity.
Mintegrated analysis with other recommended tools.
@®KANSEI meter
®Face KANSEI camera to measure the face blood flow and heart rate.
@Facial expression recognition analysis
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The accuracy of the index was confirmed by simultaneous
measurements using fMRI and subjective evaluation
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Initiatives for social implementation

®Development of a prototype wearable device

An increasing number of people are using wearable devices as tools for
health management and lifestyle improvement. In addition to heart rate and
activity level, products that can measure body temperature, SpO2 (blood
oxygen level), and body fat percentage are now available.

In response to this trend, we are developing a wearable device that can
continuously measure peripheral arterial stiffness. While the latest technology
is needed to accurately measure blood pressure at the wrist, blood volume
change can be easily measured using special LEDs and photodiodes.

We would like to have dozens to hundreds of participants wearing the pro-
totype wearable device at all times to verify its accuracy and functionality; at
the same time, we would like to collect daily data from healthy people for
future applications of peripheral arterial stiffness measurement technology.

®Considering applications in the medical field

[Use in the diagnosis and treatment of pain]

There are many diseases for which the intensity of pain and its increases
or decreases are important information for diagnosis and treatment. Until
now, it has not been possible to measure pain objectively, so patients have
had to endure pain, and as a result, their treatment has sometimes been
delayed. By measuring peripheral arterial stiffness, it will be possible to
quantify pain and use it as a basis for diagnosis and treatment.

[In anesthesiology and pain clinics]

My research on peripheral arterial stiffness measurement started when |
was consulted by an anesthesiologist who wanted to measure pain. Anes-
thesiologists are responsible for“pain control,” which is important in the
treatment of chronic painful diseases and terminal care. For this purpose,
information obtained by measuring peripheral arterial stifiness is effective.
Peripheral arterial stiffness values can also be used for anesthesia during
painful surgery.

[Used to prevent arteriosclerosis]

Vascular endothelial cells (the cells lining the inside of blood vessels)
release substances to maintain the health of blood vessels. When endothe-
lial function declines, arteriosclerosis progresses, causing a variety of
blood-related diseases. Blood vessels with arteriosclerosis cannot return to
their original state completely, but vascular endothelial function can be
improved. If the deterioration of vascular endothelial function can be detect-
ed at an early stage by continuously measuring the peripheral arterial stiff-
ness, it can greatly contribute to the provision of preventive medicine.

Future Application Possibilities
— = =¥ — 3
sep1: IMonitoring Health and Stress

By wearing a wearable device with a peripheral arterial stiffness measure-
ment function, stress and vascular health can be continuously monitored.
[To know your own stiffness of peripheral blood vessels under normal conditions]

If data are collected beforehand in regards to the normal peripheral arteri-
al stiffness when healthy and relaxed, and by detecting the range of the
day-to-day fluctuations, it is possible to accurately assess levels of pain
and stress during disease development.
[To find out if you are stressed]

In addition to pain, stress and tension can cause blood vessels to stiffen.
If the peripheral arterial stiffness is measured and it is determined that you
have been under tension for a long time, you will know that you need a
change of scenery to improve your work or study efficiency or to prevent
problems while driving.
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The intensity of pain and its increase or decrease is
important information (Image)

o
Use of the device in the medical field (image)
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Peripheral arterial stiffness can be measured in
daily life (image)




C2 Peripheral arterial stiffness measurement

[Understanding Age-Related decline in blood vessels]

By continuing to measure peripheral arterial stiffness over several years, it
will be possible to detect declines in endothelial function and other signs of
vascular deterioration. This can contribute to preventive medicine by sug-
gesting lifestyle improvements and health checkups.

sep2:  ExXploring dissatisfaction with products and workplaces

Measuring dissatisfaction and stress about products, services, or envi-
ronments such as workplaces can be useful for developing products and
services and improving the environment.

[For the evaluation of products and services]

By measuring the level of stress when using products and services, it is
possible to develop products and services with a high level of satisfaction.
Peripheral arterial stiffness can be assessed in real time to determine when
and in what situations people feel stressed or tense as they actually use or
experience products or services, allowing for detailed improvements to be
made.

[For risk management and rationalization in the workplace]

Continuous measurement of peripheral arterial stiffness in manufacturing
and other workplaces can help identify potential risks and areas for
improvement in the workplace. In any workplace, there are places and
equipment that are difficult to use and situations that are dangerous; how-
ever, the workers may not be aware of them or do not consider them to be
major problems.

Peripheral arterial stiffness measurements can be used to identify and
improve situations where staff members feel stressed or tense, thereby
increasing workplace safety, efficiency, and comfort.

see3: Opening up the future with Big Data

Measuring the value of peripheral arterial stiffness to understand the
state of mental and physical health is an unprecedented idea, and no one
knows what kind of data can be obtained if the peripheral arterial stiffness
is measured continuously for 24 hours. We can measure responses to
stimuli other than pain and anxiety. However, this is still in the research
stage. In other words, it is unknown how these data can be utilized. As the
development of wearable devices progresses, we want to build big data
by collecting anonymized data with the consent of users.

We also hope to contribute to the realization of a better society by using
peripheral arterial stiffness measurements for the prevention, diagnosis,
and treatment of various diseases, as well as reducing stress, anxiety, and
risk in all aspects of people’s lives.
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Example of the device detecting stress and recommending

a change of scenery or a break (image)
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To prek.;ent mental health crises in the workplace (image)
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