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Research Outcomes

In this project, we developed a PLLA-coated long-period stacking ordered (LPSO)—type magnesium
bioresorbable flow diverter (Mg-BRFD) and performed a comprehensive evaluation that encompassed alloy
processing, wire and device fabrication, in vitro degradation testing, and in vivo assessment using the rabbit
elastase-induced aneurysm model. This integrated approach enabled a systematic demonstration of the
technical feasibility required for further translational development.

Using rapidly solidified powder metallurgy, Kumamoto University optimized the fabrication processes for an
LPSO-type Mg alloy, establishing a manufacturing method capable of producing high-strength, high-ductility
Mg wires suitable for FD braiding. This enabled the successful production of X-um wires with mechanical
properties meeting endovascular device requirements.

Kyoto Institute of Technology optimized electrospinning parameters to achieve a uniform Y-um PLLA coating
that preserved device flexibility and radial force and designed a 48-wire braid with porosity and pore density
comparable to those of conventional CoCr-based FDs. Waseda University developed a physiologically relevant
in vitro flow circuit that reproduced pressure, flow, ionic environment, protein content, and pH to characterize
degradation kinetics of the Mg-BRFD. This system demonstrated that approximately Z% of the Mg mass was
resorbed within ~30 days, while a W-based scaffold remained at the aneurysm neck. At Kyoto University,
standardized in vivo experiments were performed in 22 Mg-BRFD and 19 CoCr-FD rabbits using angiography,
OCT, SEM, and histopathology at 0.5, 1, and 3 months. Complete occlusion rates with the CoCr-FDs were
20%, 0%, and 57%, respectively, whereas the Mg-BRFDs achieved 50%, 75%, and 100% at the same time
points. Among incompletely occluded aneurysms, the neointimal coverage rate at the aneurysm neck was
significantly higher with Mg-BRFDs (median 70.2% vs 26.1%, p=0.006), indicating accelerated progression
of neointimal formation. These findings collectively demonstrate that Mg-BRFDs promote early neointimal
formation during bioresorption and achieve earlier and more complete aneurysm occlusion compared with
CoCr-FDs. Based on this newly identified “neointimal neck-coverage—preceding occlusion mechanism,” a
foundational patent was secured, establishing an intellectual property platform covering alloy composition,

braid design, PLLA coating parameters, hybrid configurations, treatment strategies, and delivery systems.

Significance of the Research and Development

The PLLA-coated LPSO-type Mg-BRFD developed in this project embodies a novel device concept in which a
temporary metallic scaffold supports aneurysm healing and subsequently undergoes controlled bioresorption.
By achieving flow diversion efficacy and occlusion rates comparable to, or exceeding, those of conventional
CoCr-FDs, while ultimately disappearing from the vessel, Mg-BRFDs introduce a therapeutic strategy not
attainable with permanent implants. Importantly, this study identified a previously unrecognized biological
response: rapid endothelial extension along the metallic struts without relying on organized intra-
aneurysmal thrombus, diverging from the traditional “thrombosis-preceding” paradigm known for

permanent FDs. This finding provides a new mechanistic insight into aneurysm healing and highlights the
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value of the Mg-BRFD platform for investigating how metal composition, surface characteristics, and
degradation profiles modulate endothelial and neointimal responses. The results also support a design
philosophy unique to bioresorbable FDs: enabling a concentrated therapeutic effect during the early post-
implantation period while minimizing long-term device persistence. Such a strategy may inform future device
development and optimization of antiplatelet therapy duration. Clinically, a fully bioresorbable FD could
reduce long-term complications associated with permanent metallic implants, including delayed
thromboembolism and prolonged dual antiplatelet therapy. Device disappearance may also increase
flexibility for later endovascular or surgical interventions. From an industrial perspective, this project
integrated key technologies—LPSO-type Mg alloy fabrication, PLLA coating, physiologically relevant in vitro
degradation assessment, and standardized rabbit aneurysm models—through academic—industry
collaboration. The resulting platform, combining high-strength Mg alloy wires, bioresorbable polymer
coatings, and validated preclinical evaluation methods, is extensible to other vascular applications such as
peripheral stents and coronary scaffolds. This framework is expected to contribute to the development of

next-generation bioresorbable endovascular devices originating from Japan.



