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ABSTRACT

Vascular diseases, particularly atherosclerosis, are among the most prevalent and
significant health challenges globally. Atherosclerosis is characterized by the buildup of
plaques composed of fat, cholesterol, and other substances along the inner walls of arteries,
leading to their narrowing and hardening. This condition often necessitates medical
interventions, with stent implantation being a standard procedure for treating various artery
diseases. Stents, whether metallic or polymeric, are used to expand the plaqued artery and
remain in place to provide structural support until the remodelling process is complete.
However, traditional stents have several limitations, including low radial strength, which can
lead to late in-stent restenosis, foreshortening, high radial recoil, etc. These issues can
compromise the effectiveness of conventional stents and lead to adverse clinical outcomes. In
response, researchers have explored various stent designs to address these challenges. Recently,
stents with auxetic designs have gained attention due to their unique deformation
characteristics. Auxetic materials exhibit a negative Poisson's ratio, meaning they expand
laterally when stretched longitudinally. This property can enhance their mechanical properties,
such as radial strength, radial recoil, foreshortening, and others, making them promising

candidates for overcoming the limitations of conventional stents.

The present study focused on three novel auxetic stent designs: Double Arrowhead
(DA), Re-entrant (RE), and S-shaped auxetic designs. The designed stent had an outer diameter
of 1.6mm and a wall thickness of 0.11mm. The effect of different design parameters (angle,
amplitude, and width) on the mechanical properties (radial strength and radial recoil) of each
auxetic stent was studied using finite element analysis (FEA). Parametric analysis was
conducted using two statistical tools, i.e., the Taguchi method and ANOVA to optimize the
design parameters for each auxetic stent design. The results of the parametric analysis revealed
that width was the most influential factor for the DA and S-shaped auxetic stents, while the RE
auxetic stent was nearly equally influenced by width and angle. Amplitude had a minimal
influence on the mechanical properties of the DA and RE auxetic stents. Similarly, the angle
has a minimum influence on the mechanical properties of DA and S auxetic stents. Following
the optimization of design parameters, full-length auxetic stents for each design were modelled
using the optimized design parameters and then simulated and compared with the commercially
available Abbott Xience stent. The FEA simulations showed that the auxetic stents had more

than double the radial strength of the Abbott Xience stent. Additionally, the auxetic stents
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exhibited significantly reduced radial recoil and completely eliminated the issue of

foreshortening, which is a common problem in conventional commercial stents.

The designed auxetic stents were then manufactured using the femtosecond laser
cutting technique, and electrochemical polishing was performed to enhance their surface
quality. The final electropolished stents had a strut width of 80 pm (0.08 mm), comparable to
commercially available stents. Subsequently, in-vitro testing was conducted to evaluate the
mechanical properties of the fabricated auxetic stents, including radial strength, recoil
properties, foreshortening, Poisson's ratio, crushing strength, bending strength, Maximum
Circular Unsupported Surface area (MCUSA), open cell area, and artery coverage ratio. The
results revealed significant improvements in the radial strength of the auxetic stents compared
to the commercial Abbott Xience stent, with increases of 81%, 155.55%, and 112.69% for the
DA, RE, and S-shaped stents, respectively. Additionally, the radial recoil was substantially
reduced, and the issue of foreshortening, present in the commercial stent, was completely
eliminated. The Re-entrant and S-shaped auxetic stents showed similar maximum circular
unsupported surface area values to the commercial stent. While variations in the open cell area
were observed across different fabricated stent designs, with an increasing trend from the DA
stent to the RE, S, and AB stents, which exhibit progressively larger open cell areas. The
analysis of artery coverage showed relatively minor variations across different fabricated stent
designs. The commercial AB Xience stent exhibited the least artery coverage, followed by the
RE stent, slightly higher coverage by the S stent, and the maximum coverage by the DA stent.
The results confirmed the superior mechanical properties of the auxetic stents compared to the
commercial Abbott Xience stent. These enhancements in radial strength, recoil reduction, and
elimination of foreshortening underscore the potential of auxetic stents as advanced alternatives

for vascular interventions, offering improved performance and reduced complications.

The FEA models can be developed to evaluate future stent designs, streamline
development processes, and reduce costs. The manufacturing of such futuristic stents
represents a promising advancement in plaqued artery treatment, with the potential to enhance
patient outcomes and reduce the risk of restenosis and thrombosis. As research continues to
evolve, the integration of auxetic design into stent design is likely to play a critical role in

shaping the future of vascular interventions.
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