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Deep Learning-based Design of Vascular Structures for Enhancing Oxygen Exchange
Efficiency in Biofabricated Tissues

*0| M| 21 (POSTECH) , #ZH=l o}( POSTECH)
*S. B. Lee, *J. Jang
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Vascular structures utilized in Biofabrication research for the construction of large-scale tissues have been designed to mimic native
tissues or to follow mathematical patterns, without explicit consideration of mass-exchange efficiency. In response, this study proposes
a deep learning-based method for designing vascular structures optimized under specific conditions. The objective is to generate
vascular architectures within two-dimensional tissues, where localized oxygen supply exists, that maximize oxygen exchange
efficiency during the flow of low-oxygen blood. The training strategy of the proposed deep learning model was inspired by Generative
Adversarial Networks and consists of two deep learning models . The vascular structures generated by the generator are evaluated by
a pretrained discriminator, and the generator is iteratively updated based on these evaluations, improving the oxygen exchange
efficiency of the generated vascular structures. The discriminator model is trained on fluid simulation results of diverse vascular
structures, enabling it to assess the oxygen exchange efficiency of any generated vascular structures. The performance of the proposed
method is validated by fabricating decellularized extracellular matrix (dECM) tissues incorporating the designed vascular structures
through 3D bioprinting and experimentally measuring oxygen exchange efficiency.
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