
Project 6901- Bioartificial Liver Support Device – Team 2
Team Members: Stephen Thompson, Ben Grau, Bayne Jarvis, Grayce Robinson, Tia Shorter, and Katie Ebbert

Faculty Advisor: Dr. Cheryl Gomillion 

Problem Statement

Design

Modeling and Simulations

Sponsor/Client: Dr. James Warnock

Considerations & 
Requirements

Future Plans

There are approximately 2,000 cases of acute liver failure 
(ALF) diagnosed in the United States each year, but there is 
no established effective treatment method for ALF, resulting 
in a mortality rate ranging from 50-80%. Thus, a bioartificial 
liver (BAL)  support device is needed as a better bridge to 
transplant.

Our design is a variation of existing hollow fiber bioreactor 
configurations. We propose 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. There will be 
two separate circuits of flow through the bioreactor. Plasma 
will perfuse through one circuit and culture media will 
circulate through the other. HepaRG cells will be grown on 
the walls of the capillaries of the culture media circuit, and 
transfer of metabolites between the two circuits will occur 
across the membranes that form the matrix of capillaries.

● Begin manufacturing of bioreactor design
● Attend pre-sub meeting before starting pre-clinical testing on 

bioreactor function, efficiency, and materials
● Submit an IDE to start clinical trials and get FDA approval with 

PMA

● Optimize bioreactor component of the BAL system
● Maintain hepatocyte cultures in vitro 
● Optimize cell line, membrane material, and bioreactor 

configuration
● Improve interaction between biological component and 

patient plasma
● Simplify device maintenance and processes for clinical use

To demonstrate the viability of the design, several aspects of the 
system were modeled. Computational fluid dynamics simulations 
were run using SolidWorks to show the  pressure drop along the 
length of the capillaries as well as the flow. These simulations 
established that the flow through each capillary would be laminar 
and the pressure drop along the length would be reasonably 
sufficient to drive flux across the membrane. The flux across a 
single membrane was then determined using a derivation of the 
Hagen-Poiseuille equation and scaled up to adequately represent 
the total flux between the cell circuit and the plasma circuit. 
Metabolite concentrations over time were simulated in RStudio 
using a three compartment system model.


