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Background Information

Conclusion

In effort to combat mortality and prolong
survival of patients experiencing acute liver
failure, our team aims to design an
extracorporeal bioartificial liver support
device that mimics the metabolic and filtration
processes exhibited by the liver.

Bioreactor type: cross hollow fiber bioreactor
§ Large surface area to volume ratio
§ Efficient exchange of nutrients
§ Porous system for cell support
§ High product recovery & ease of scale up
§ Immune-isolation
§ Drastically increased oxygenation
Cell type: primary human hepatocytes
§ Cells in the human liver that make up most of the 

liver’s volume 
§ Ascribed with performing most of the liver-

specific functions with the lowest immune risk
Biomaterial type: collagen coated PLLA & PES
§ PLLA is a high-performance engineering 

thermoplastic that can be processed to meet our 
molecular weight cut-off needs at a low cost

§ PES exhibits exceptional mechanical and adhesion 
properties

§ A collagen coating provides biocompatibility and 
promotes cell adhesion and maturation

§ Acute liver failure is characterized by sudden and
rapid loss of liver function in patients with no pre-
existing liver disease.

§ Liver essential functions include detoxification of
the blood, synthesis for 85-90% of
circulating protein volume, and regulation of key
components such as: glucose, lipids, cholesterol,
and amino acids.

§ Previous bioreactor designs have failed due to a
severely limited oxygen supply and inadequate
diffusion between plasma and hepatocytes.

Oxygen is recognized as the limiting nutrient with
respect to growth of a cell population. The model
includes the oxygen consumption rate (OCR) in a
hollow fiber bioreactor under two Po2 inlet
conditions: oxygenated media and plasma.

Bioreactors operating with only plasma PO2 levels or
only oxygenated levels require unfavorable
dimensions as optimal (peak) OCR will require longer
or wider bioreactors. Combining a perpendicular
stream of oxygenated media with the plasma stream
will increase hepatocyte oxygen consumption and
improve metabolic functions.

Results

Figure 2: 
Oxygen consumption rate
under two inlet conditions.
Inlet partial pressure of
oxygen of 76.8 mmHg and
375 mmHg vary in
where peak OCR occurs at
axial position z and in peak
magnitude.

Table 1: Defining characteristics of theoretical bioreactors
with only either plasma Po2 levels or oxygenated Po2 levels.
Diameter (D) and length (L) vary greatly to match oxygen
consumption of the liver at 10% mass.

Figure 1: A closer look at the crossed hollow fiber design 


