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1. Purpose and Significance of Research and Development

Imported component materials used in medical devices face supply chain risks such as temporary
production halts due to natural disasters, business discontinuation decisions by companies that
overwhelmingly dominate market share, and export bans based on national priority supply policies
even among friendly or allied countries

Especially for component materials with a high dependence on exports, securing stable supplies
not only during emergencies like infectious disease outbreaks but also in normal times is essential
for maintaining a resilient domestic medical system.

This project has progressed with research and development aimed at establishing a domestic
production system for hollow fiber membranes for extracorporeal circulation, which are one of the
components highly dependent on imports

The realization of this development, that is, switching components with high import dependence to
domestically produced ones, is expected to contribute to the stable domestic production and supply

of extracorporeal circulation medical devices

Hollow fiber membranes are used in various medical devices for purposes such as substance
removal.

In particular, for parts and materials with a high dependence on imports, the supply chain risk
is high, and stable procurement domestically, whether in normal times or emergencies, is essential

for building a resilient medical system.

2. Main Achievements of Research and Development

In this research and development, the approach was to obtain hollow fiber membranes for
extracorporeal circulation using the solution spinning method.

The solution spinning method is broadly divided into a spinning process, which uses a solvent and
resin to shape the hollow fiber, and a washing process, which removes the residual solvent from the
formed hollow fiber to produce the hollow fiber membrane.

To solve issues at each process stage and establish optimal conditions, the following
investigations were conducted step—by-step.

1) Spinning process

The compatibility of mechanical properties and membrane properties of the hollow fiber membrane
was examined.

First, the structure of the hollow fiber membrane, including its surface and cross—section, was
analyzed to identify structural parameters related to mechanical properties such as orientation
and porosity.

Next, by examining spinning conditions that contribute to these parameters while maintaining
membrane characteristics, and repeatedly evaluating the physical properties and performance of
the obtained hollow fiber membrane samples, we gained prospects for manufacturing hollow fiber
membranes with the targeted mechanical properties and membrane characteristics. To speed up the
review cycle, we introduced equipment that allows us to evaluate sample performance and
dimensional accuracy in—house.

Additionally, we designed and introduced a development machine capable of controlling items

that could not be set with existing research equipment. Using this development machine for
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spinning experiments, we not only began investigations to improve dimensional accuracy but also
confirmed that we could spin the quantity of hollow fiber membranes necessary for expanded
evaluation.

Furthermore, as part of the safety confirmation for the hollow fiber membrane under
development, a cytotoxicity test was conducted as part of the biocompatibility evaluation, and
its negativity was confirmed

2) Cleaning process

Using short hollow fiber membranes, cleaning solvents and conditions applicable to production
were investigated, and continuous cleaning was considered

Specifically, various spinning conditions were altered to fabricate hollow fiber membranes with
different structures, followed by small-scale batch cleaning to confirm spinning conditions that
balance both membrane properties and cleanability.

Next, using the hollow fiber membranes obtained under the spinning conditions confirmed in the
previous evaluation, we examined the types of cleaning solutions that can effectively remove
solvents contained in the hollow fiber membranes, as well as cleaning parameters such as cleaning
speed and duration.

By combining these review results, the conditions to reduce the solvent content in the hollow
fiber membrane to the target level during batch cleaning were identified

Based on the results of small-scale batch cleaning studies, an investigation into continuous
cleaning was conducted. Furthermore, by repeatedly adjusting the cleaning conditions on hollow
fiber membrane samples, a prospect was obtained to continuously clean long lengths of hollow
fiber membranes and bring the solvent content to the target level.

3) Surface Treatment

When using hollow fiber membranes in medical devices, surface modification treatment may be
required, and this was considered simultaneously.

First, surface modification treatment conditions were examined using short hollow fiber
membrane samples, confirming treatment conditions that do not affect the mechanical properties of
the hollow fiber membranes

In this condition examination, an evaluation system for the treated samples was established,
and some evaluation equipment was also introduced for certain assessments. By using these
evaluation systems on hollow fiber membrane samples after surface treatment, we identified the
processing conditions needed to achieve the target properties

Furthermore, due to the structure of the surface treatment device, processing spots occur on
the surface of the hollow fiber membrane. To address this issue, we developed a uniquely designed
surface treatment device for fibers and confirmed that the processing spots can be suppressed as
intended.
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