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Aortic valve disease is a condition in which the valve between the main pumping chamber of
your heart and the main artery to your body doesn't work properly. It may be congenital or it may
result from other causes. The current main treatment method is aortic valve replacement with a
prosthetic valve. Since it is foreign for the body, there is a risk of rejection. In addition, its size is
mainly suitable for adults, so its application to children is limited. Also, they are relatively
expensive and there is a possibility of reoperation, so it may cause a medical expenses problem.

In order to solve the above problems, the group of Dr. Nakayama, Prof. Miyamoto, Prof. Ozaki,
and CEO Uchida has conducted research and development on In-body Tissue-Engineering device
which may make it possible to form a sheet-like self-tissue (biosheet) that contains no foreign
body and to reconstruct and graft the aortic valve of a size suitable for little patients.

The strength of the biosheet depended on their thickness. The biosheet with thickness of 0.2
mm had the strength similar to that of human leaflets. We measured the thickness and
mechanical properties of human pericardium at whole surface by Optical Coherence Tomography

(OCT) and found that the strength of them was equivalent to biosheet with the thickness of



approximately 0.4mm.We developed the method for thinning the biosheet from the thickness of
1mm to 0.4 mm as thin as that of a human leaflet.

Simple cylindrical base devices (A) composed of a rod part made of silicone and a tubular part
made of resin were implanted in eight goats, and biosheets (A) were formed around the devices
in two months, and used for Aortic valve Neo-Cuspidization surgery. Seven of the eight goats
died, but it was only one death that was due to breakage of the biosheet itself. There was a hiatus
in the rebuilt valve in the death case. The reason for this was believed to be that the outer
cylinder made of resin was too elastic to be deformed after implantation, a partial difference in
thickness existed and there was an extremely thin portion in the formed biosheet.

Therefore, we developed a rouge-shaped device (B) composed of a rod part made of silicone and
a tubular part made of stainless steel. We also developed a method to check the thin part existing
in the biosheet with OCT. Thereafter, no breakage was observed in the biosheets (B). Because we
selected the proven implant material for the tubular part, the biological safety test was avoided.
On the other hand, we checked the safety of the silicone rod according to the rule.

In order to validate the effectiveness of biosheets, the clinical case data of Aortic Valve Neo-
Cuspidization have been inputted for the registration database.

We consulted with the Pharmaceutical Affairs Division of the Tokyo Metropolitan Government
and confirmed that this device is a medical device. We also had a preliminary interview with
Pharmaceuticals and Medical Devices Agency (PMDA) in order to prepare for the pharmaceutical
approval. We selected a company as a manufacturer, whose manufacturing system meets the
requirements of QMS and GMP. We prepared for application for the first-class authorization of
manufacturing and distribution

On the business side, we conducted global market surveys about heart diseases and artificial

valves. In addition, we conducted a prior art investigation for the intellectual property strategy.
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1)

Development of Treatment Method for Thinning of Biosheet

2)

We developed the method that the biosheet formed at the thickness of 1lmm could thin to

0.4 mm at the same level as a human leaflet

Mechanical Study of Biosheet A and its Implantation Study

3)

The strength of the biosheets depended on their thickness. The biosheets with thickness
of 0.2 mm had the strength similar to that of human leaflets

The cutting strength of the biosheets with thickness of 0.2mm was over ca. 2 N. On the
other hand, the strength of commercially aveilable bovine pericardiums was over 1.46 N.
Therefore, the biosheets had enough cutting strength. We performed aortic valve

reconstruction for eight goats

Development of Mold for the Preparation of Biosheet B and its Biological Safety Tests

We developed mold for the preparation of biosheet B by assembling of rod part made of
silicone and tubular part made of stainless steel. Because we selected SUS 316L for the
material for the tubular part, the biological safety test was unnecessary. On the other
hand, about the silicone rod we checked the safety according to the rule. All adaptations

were obtained in the tests.



4)

Mechanical Study of Biosheet B and its Implantation Study

5)

We performed mechanical evaluation of the biosheet B and carried out aortic valve

reconstruction for four goats using enough extreme provided bio seats.

Mechanical Study of Human Pericardium

Nine glutaraldehyde—treated human pericardiums remained after aortic valve
reconstruction were supplied from Toho University. We measured the thickness and
mechanical properties of the obtained pericardiums at whole surface by OCT equipment.
The distribution of the thickness of the human pericardium greatly varied in the range
of 0. 1-Imm. On the other hand, the strength had large variability from 5N to 30N and was
an average of approximately 16N. It was reported that the thickness and the strength of
human aortic leaflets were about 0.4 mm and 7.5 N, respectively. Therefore, the thickness
and the strength of human pericardiums was about half degree and 2 times than those of
human aortic leaflts. In addition, we understood that the strength of the human
pericardiums was equivalent to biosheets with the thickness of approximately 0. 4mm. Since
the thickness of 0. 4mm was an average value in the biosheets, it was considered that they

can be used for the implantation with high durability.
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