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Development of biodegradable stent grafts using decellularized bovine
pericardium
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The planned large animal experiment using pigs and other animals could not
be conducted due to the unavailability of the animal experiment facility for large animals due to
the Coronavirus pandemic, but numerous experiments were conducted using biodegradable materials
(polycaprolactone) for rat artificial blood vessel implantation as an alternative. Good mid-term
patency was confirmed, but after 8 months, polycaprolactone had not been completely absorbed yet,
suggesting that further improvement of the material is necessary for the development of stent grafts

using biodegradable materials, which is the main topic of this study. On the other hand,
experiments using biodegradable stents with magnesium frameworks are also ongoing.

Polycaprolacton 3D
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The planned large animal experiment using pigs and other animals could not be
conducted due to the unavailability of the animal experiment facility for large animals

due to the Coronavirus pandemic, but numerous experiments were conducted using



biodegradable materials (polycaprolactone) for rat artificial blood vessel implantation as
an alternative. Good mid-term patency was confirmed, but after 8 months,
polycaprolactone had not been completely absorbed yet, suggesting that further
improvement of the material is necessary for the development of stent grafts using
biodegradable materials, which is the main topic of this study. On the other hand,

experiments using biodegradable stents with magnesium frameworks are also ongoing.
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Leal BBJ, Wakabayashi N, Oyama K, Kamiya H, Braghirolli DI, Pranke P. Vascular
Tissue Engineering: Polymers and Methodologies for Small Caliber Vascular Grafts
Front Cardiovasc Med. 2021 Jan 11;7:592361.

Cardiovascular disease is the most common cause of death in the world. In severe cases,
replacement or revascularization using vascular grafts are the treatment options. While
several synthetic vascular grafts are clinically used with common approval for medium
to large-caliber vessels, autologous vascular grafts are the only options clinically
approved for small-caliber revascularizations. Autologous grafts have, however, some
limitations in quantity and quality, and cause an invasiveness to patients when
harvested. Therefore, the development of small-caliber synthetic vascular grafts (<5 mm)
has been urged. Since small-caliber synthetic grafts made from the same materials as
middle and large-caliber grafts have poor patency rates due to thrombus formation and
intimal hyperplasia within the graft, newly innovative methodologies with vascular
tissue engineering such as electrospinning, decellularization, lyophilization, and 3D
printing, and novel polymers have been developed. This review article represents topics
on the methodologies used in the development of scaffold-based vascular grafts and the

polymers used in vitro and in vivo.

Kikuchi Y, Oyama K, Yoshida T, Naruse D, Tsutsui M, Kunioka S, Wakabayashi N,
Kamiya H. Insulin therapy maintains the performance of PVA-coated PCL grafts in a
diabetic rat model Biomater Sci. 2022 Jul 27. doi: 10.1039/d2bm00531j. Online ahead of

print.

Vascular tissue engineering has shown promising results in "healthy" animal models.
However, studies on the efficacy of artificial grafts under "pathological conditions" are
limited. Therefore, in this study, we aimed to characterize the performance of polyvinyl
alcohol (PVA)-coated poly-e-caprolactone (PCL) grafts (PVA-PCL grafts) under diabetic
conditions. To this end, PCL grafts were produced via electrospinning and coated with
the hydrophilic PVA polymer, while a diabetic rat model (DM) was established via
streptozotocin injection. Thereafter, the performance of the graft in the infrarenal
abdominal aorta of the rats was evaluated in vivo. Thus, we observed that the healthy

group showed CD31 positive/aSM positive cells in the graft lumen. Further, the patency



rate of the PVA-PCL graft was 100% at 2 weeks (n = 7), while all the DM rats (n = 8)
showed occluded grafts. However, the treatment of DM rats with neutral protamine
Hagedorn insulin (tDM) significantly improved the patency rate (100%; n = 5).
Furthermore, the intimal coverage rate corresponding to the tDM group was comparable
to that of the healthy group at 2 weeks (tDM vs. healthy: 16.1% vs. 14.7%, p = 0.931).
Therefore, the present study demonstrated that the performance of the PVA-PCL grafts
was impaired in DM rats; however, insulin treatment reversed this impairment. These
findings highlighted the importance of using a model that more closely resembles the
cases that are encountered in clinical practice to achieve a clinically applicable vascular

graft with a small diameter.

Wakabayashi N, Yoshida T, Oyama K, Naruse D, Tsutsui M, Kikuchi Y, Koga D, Kamiya
H. Polyvinyl alcohol coating prevents platelet adsorption and improves mechanical
property of polycaprolactone-based small-caliber vascular graft Front Cardiovasc Med.
2022 Aug 11;9:946899.

The low patency of synthetic vascular grafts hinders their practical applicability.
Polyvinyl alcohol (PVA) is a non-toxic, highly hydrophilic polymer; thus, we created a
PVA-coated polycaprolactone (PCL) nanofiber vascular graft (PVA-PCL graft). In this
study, we examine whether PVA could improve the hydrophilicity of PCL grafts and
evaluate its in vivo performance using a rat aorta implantation model. A PCL graft with
an inner diameter of 1 mm is created using electrospinning (control). The PCL nanofibers
are coated with PVA, resulting in a PVA-PCL graft. Mechanical property tests
demonstrate that the PVA coating significantly increases the stiffness and resilience of
the PCL graft. The PVA-PCL surface exhibits a much smaller sessile drop contact angle
when compared with that of the control, indicating that the PVA coating has hydrophilic
properties. Additionally, the PVA-PCL graft shows significantly less platelet adsorption
than the control. The proposed PVA-PCL graft is implanted into the rat's abdominal
aorta, and its in vivo performance is tested at 8 weeks. The patency rate is 83.3% (10/12).
The histological analysis demonstrates autologous cell engraftment on and inside the
scaffold, as well as CD31/a-smooth muscle positive neointima regeneration on the graft
lumen. Thus, the PVA-PCL grafts exhibit biocompatibility in the rat model, which
suggests that the PVA coating is a promising approach for functionalizing PCL.
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