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Outline of the work:

This is a collaborative research on medical-engineering that was conducted intensively using
the K computer. Dr. Toshiaki Hisada (Computational Mechanics) and Dr. Seiryo Sugiura (Medicine
and Engineering) have developed the world’s first cardiac simulator that mimics all electrochemical,
physiological, and biomechanical functions of the heart, from the movement of contractile proteins
to the pumping of blood. This has contributed to medical research by elucidating the electrical and
mechanical functions of the heart, and has opened the door to a new medical field with clinical
applications, such as predicting the effects of treatment by reproducing each patient’s heart on a
computer. Preparations for regulatory submission are underway.

Dr. Hisada has been working on continuum mechanics and finite element methods in the field
of mechanical engineering for many years, especially on “large strain and large deformation
problems” with strong nonlinearity and “coupled dynamics problems of flexible structures and
fluids”. In a paper published in 2001, he discovered a solution by using strongly coupled equations
without distinguishing between fluid and structure, and established the theoretical basis for the heart
simulation that was to be developed later.

Aside from being involved in the clinical treatment of heart disease, Dr. Sugiura has been
studying cardiac mechanics at the organ level, which is directly related to the clinical symptoms of
patients. He believes that the fundamental solution to heart disease can be achieved by combining
his research with that at the molecular and cellular level. He has attempted to elucidate phenomena
at various scales using single molecule physiology and an originally developed measurement
system.

In 1998, the Graduate School of Frontier Sciences was established at the University of Tokyo,
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and in 2002, the research and development of the heart simulator known as “UT-Heart” was started
under the management of one laboratory with two professors (Dr. Hisada and Dr. Sugiura). Since
2003, they have promoted JST-CREST (Core Research for Evolutionary Science and Technology)
research using the aforementioned fluid-structure interaction analysis method, and have succeeded
in developing the world’s first multiphysics heart simulator. At the time of this project, the
performance of computers was still insufficient, but they developed a multiscale analysis method
that connects cells to organs via tissues. This later led to the achievements with the K computer. In
2008, they received the Commendation for Science and Technology from the Minister of Education,
Culture, Sports, Science and Technology (MEXT) for this achievement. Furthermore, intensive
R&D was continued under the JST Innovation Bridge Project from 2007, and the FIRST (Funding
Program for World-Leading Innovative R&D on Science and Technology) program by the Cabinet
Office (principal investigator: Dr. Ryozo Nagai) from 2010. The number of patent applications
amounted to 169 (118 registrations). The K computer was completed in June 2012, but from its
development stage, UT-Heart was selected as one of the RIKEN projects, and eventually became
one of the seven priority programs selected by MEXT from all fields of science and technology.
UT-Heart has been applied to basic and clinical medical research.

In basic research, they showed 1) the relationship between the transmural distribution of
different cell types and the morphology of electrocardiogram, 2) the impact of fiber structure on the
pumping performance, 3) a doubt on the functional significance of the cardiac looping, and 4) the
importance of cooperative activation of cross-bridges on the pumping function. They also
developed an in silico screening system for drug-induced arrhythmias using patch-clamp data on
four ion channels.

On the other hand, as a result of clinical research, they have developed a method to recreate the
heart of a patient on a computer based on the available hospital data. Once the heart of a patient is
recreated on a computer, it is possible to apply various virtual treatments to it and predict in
advance the one that will be most effective. They have been conducting clinical research on cardiac
resynchronization therapy (CRT) and surgical procedures for pediatric congenital heart diseases. It
is known from past statistical data that more than 30% of patients with CRT are non-responders,
and if UT-Heart is approved by the pharmaceutical affairs bureau, it will be possible to avoid highly
invasive surgery for non-responders by using advanced prediction instead.

In summary, (1) this research has greatly contributed to the development of computational
science, (2) the heart reproduced on a computer can be effectively used for various researches, (3)
this method of virtually predicting the best treatment in advance on a computer has extremely high
clinical value, and (4) this method can be applied to organs other than the heart, opening the door to
a new field of medicine (computer medicine).

They have also succeeded in developing new software that integrates molecular and cardiac
simulations with amino acid level resolution, which will realize the simulation ranging from genes
to the beating of the heart on Fugaku, the successor to the K computer, scheduled for completion in
this fiscal year (2021).
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