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Development of aventricular assist device with artificial intelligence with functions of

treatment, diagnosis, and prevention

3 6 22 5 3 31

Wataru HIJIKATA

Tokyo Institute of Technology, School of Engineering, Associate Professor

Bridge To
Transplantation BTT 2010 Destination Therapy DT
DT
DT

QoL

DT



500

5 mm

1/2000 s

50



XY 2

DT

1
In this project, | have created a "ventricular assist device with artificia intelligence” that enables “treatment,”
"diagnosis," and "prevention” with a single device by using only the sensors originally equipped in the magnetic
levitation system and processing information with artificial intelligence. The following is a list of the R&D items and
results of this project.
(1) Heartbeat-synchronized control
The impeller of a magnetically levitated ventricular assist device oscillates slightly due to hydrodynamic
forces caused by the beating of a diseased heart. I clarified the mechanism of this force by mathematically
modeling the dynamics of an impeller magnetically levitating in non-Newtonian blood, and estimated
the beating force of a diseased heart as a disturbance fluid force by constructing a disturbance observer
in the magnetic levitation control system. Based on this estimated fluid force, |1 developed an algorithm
to generate a reference flow waveform with pulsatile characteristics, and constructed a system using an
repetitive learning controller as a motor controller to follow this reference value. Experiments using a
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beating simulator confirmed that the ventricular assist device gradually learns the timing of the beat and
approaches the reference flow rate as the heartbeat synchronization control is started. These results
demonstrate that the designed heartbeat-synchronized control system can vary the rotation speed and
track the estimated pump flow rate to the reference flow rate.
(2) Prevention of thrombus using oscillation of a magnetically levitated impeller

In this study, a rotating impeller was subjected to shear acceleration (temporal change in shear rate)
by adding a revolving orbit to the magnetic levitation system to prevent adhesion of blood components
to the impeller surface, thereby reducing thrombus. The rate of blood adhesion was measured by varying
the frequency and amplitude of vibration. As a result, it was confirmed that blood adhesion tended to
decrease under conditions of high amplitude and high vibration frequency. In particular, it was
demonstrated that the thrombus prevention rate was determined not by the amplitude or frequency of
impeller excitation, but by the shear acceleration calculated from the amplitude and frequency. When
the shear acceleration was small, there was a linear relationship between the shear acceleration and the
anti-adhesion rate, while the anti-adhesion rate did not change significantly when the shear acceleration
was sufficiently large. These results indicate that there is a threshold value of shear acceleration that is
effective in preventing blood from sticking.

A new method for thrombus detection has also been developed. I have previously developed a
technique for early detection of thrombus in a pump by reciprocating vibration of a magnetically levitated
impeller based on the principle of an oscillating viscometer. However, it is difficult to distinguish
thrombus detection from changes in blood viscosity caused by changes in physical condition or the
amount of water in the body. In this project, a thrombus detection technique was proposed, developed,
and evaluated that can distinguish between changes in blood viscosity and thrombus detection by
vibrating the impeller in a circular orbit, as in thrombus prevention. Specifically, by supplying sine and
cosine currents to the electromagnets in the X and Y directions, respectively, the impeller's orbit becomes
a circular orbit. In this case, the displacement of the impeller can be expressed as a vector. The current
supplied to the electromagnets in the two directions of X and Y can also be expressed as a vector centered
at the origin and rotating with time, and this vector is called the current vector. By measuring the angle
of the current vector relative to the displacement vector, or phase difference ¢, it has been found that the
phase difference increases uniquely when the blood viscosity increases, but when a thrombus forms, the
phase difference increases specifically near the point of thrombus formation. Using this property, a
diagnostic method that can distinguish between changes in blood viscosity and thrombus formation was
developed.

The above new technology realized in this project aims to improve the prognosis, survival rate, and
re-hospitalization rate of patients with a ventricular assist device. It reduces thromboembolism caused by
the device, improves thromboembolism in the heart and right heart failure caused by the steady flow of

the artificial heart, and achieves recovery effects for patients with ischemic heart disease.



