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The purpose of this project is to design a bioartificial liver support system to treat patients with fulminant hepatic
failure with an emphasis on increasing the clinical utility and functionality of the bioreactor component. Existing
bioartificial liver support devices struggle to maintain hepatocyte viability for extended periods of time while concurrently
purifying patient plasma. There are many components involved in the bioartificial liver; consequently, the device requires
a large amount of space. Additionally, the large number of components increases the potential for system failure if an
individual component fails. Streamlining of the BAL system will thus aid in increasing the utility of the device. The aim
of our research and design was to streamline the BAL system by optimizing the bioreactor component in order to address
the challenges associated with maintaining hepatocyte cultures in extracorporeal devices. The design process focused on
optimizing the cell line, membrane material, and bioreactor configuration to achieve improved interactions between the
biological component and the patient’s plasma.

Our design differs from existing devices in several ways. We utilized a hexagonal hollow fiber matrix instead of
the traditional cylindrical hollow fibers to increase the surface area for hepatocyte growth and allow for the customization
of flow through the bioreactor. The shape and size of the compartments were chosen to allow for increased flow of
metabolites between the hepatocytes and the plasma being purified. Additionally, the shape of the bioreactor was changed
from cylindrical to rectangular to allow for additional fibers within the bioreactor.

To prove our design, we built a model of our hollow fiber matrix in AutoCAD, which was transferred to
SolidWorks for fluid flow modeling. This has allowed us to determine the best flow rate to use with our bioreactor design.
The simulations revealed areas of turbulent flow within the hollow fiber matrix that would result in hepatocyte death and
mass transfer disruption if not corrected.


