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Fig. 1 Schematic diagram of the structure and operating principle of biodegradable pressure-sensing fiber: (a) Structural composition
and degradation of the sensing fiber; (b) Application of the sensing fibers in vascular stents and their working principle.
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Fig. 2 Preparation and performance modulation of biodegradable pressure-sensing fiber. (a) Schematic of the sensing fiber
structure. (b, c¢) Sensitivity and compressive properties of fibers with POC dielectric layers prepared at different monomer
ratios; (d) SEM images of smooth and wrinkled dielectric layer morphologies; (e, f) Pressure response and compressive
behavior of fibers with different dielectric layer morphologies; (g—i) Effects of PCL molecular weight, crystallinity, and
thickness on degradation time; (j—1) SEM images of the gold-plated collagen electrode, the POC-coated diclectric layer and
the PCL encapsulation layer of the sensing fiber, respectively.
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Fig. 3 Sensing performance of the biodegradable pressure-sensing fiber. (a) Capacitance stability of the sensing fiber under
cyclic loading; (b) Enlarged view of the capacitance stability; (c) Resistance stability of the sensing fiber under cyclic loading;
(d) Sensitivity of the sensing fiber; (e) Real-time capacitance response curve of the sensing fiber under step-wise continuous
pressure loading; (f) Variation in the capacitance value of the sensing fiber with applied pressure.
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Fig. 4 Degradation property of biodegradable pressure-sensing fiber. (a) Photographs documenting the in vitro degradation of

biodegradable pressure-sensing fiber; (b) Degradation rate of biodegradable pressure-sensing fiber under different environmental

conditions; (c) Changes in the mass and tensile strength of biodegradable pressure-sensing fiber over time.
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Research Article

Biodegradable Pressure-sensing Fiber for Smart Vascular Stents

Pei-wen Yu!, Zhan-ao Hu!, Yi-qing Yang', Ling-sen You?, Li Shen?, Song-lin Zhang!,
Hui-sheng Peng!, Xue-mei Sun'*
(!State Key Laboratory of Molecular Engineering of Polymers, Department of Macromolecular Science,
Institute of Fiber Materials and Devices, Fudan University, Shanghai 200438)
(°Zhongshan Hospital Affiliated with Fudan University, Shanghai 200032)

Abstract Biodegradable stents are widely used in the treatment of vascular stenosis. However, post-implantation
complications such as in-stent restenosis often lead to an increase in local blood pressure, significantly impacting
patient prognosis. Therefore, continuous in situ monitoring of intravascular pressure holds significant early-
warning potential. However, existing pressure sensors face challenges in terms of structural compatibility, service
lifetime, and degradation behavior, limiting their clinical application. To address these challenges, this study
proposed a design strategy that synergistically integrates pressure monitoring with degradable performance. A
coaxial multilayer biodegradable capacitive pressure-sensing fiber was developed to match and integrate with the
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biodegradable stent. It was constructed using collagen surgical sutures as a flexible substrate, with conductive
gold electrodes formed via thermal deposition, a poly(citrate) dielectric layer, and a polycaprolactone encapsulation
layer. By regulating the composition and structure of the polymers, synergistic optimization of sensing performance
and degradation rate was successfully achieved. The fabricated sensing fiber demonstrated a sensitivity of 0.051 kPa™!
within 0~25 kPa (covering the physiological intravascular pressure range) and exhibited good biocompatibility.
When integrated with a biodegradable stent, it provides short-term monitoring capabilities and long-term
degradability, offering a novel approach for the development of biodegradable smart vascular stents and the
functionalization of other implantable medical devices.

Keywords Fiber electronics; Pressure monitoring; Sensing fiber; Biodegradable materials; Vascular stent



