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Perfusion and hollow fibre reactor 

 

What is a perfusion bioreactor? 

Perfusion, or upstream continuous bioprocessing, has been practiced since the 1980s 

towards maximizing facility utilization, expanding process flexibility and minimizing 

costs.  Innovative technologies, sophisticated control logic systems, cell culture supplements 

and single-use assemblies have tremendously simplified implementation, establishing 

perfusion as the cornerstone of intensification and continuous processing. 

Perfusion cell culture utilizes a cell retention device and continuous media exchange to 

achieve and maintain high cell densities and viabilities over extended periods of time, 

typically weeks. The cell retention device retains cells inside the bioreactor, while fresh 

media is added, and product of interest, waste products and spent (or depleted) media are 

continuously removed. Fresh media is provided at the same rate that product and spent media 

are removed from the bioreactor. Hollow fiber-based membrane filters acts as the most 

reliable and commonly used membrane type.  Long term perfusion is just one application of 

prefusion and contrasts with shorter time-based perfusion applications, such as HPH that 

focus on intensifying fed patch processes over the course of days. Perfusion may also be used 

to intensify the seed train with reduced steps and faster overall time to production.  

Early perfusion technologies, developed during the 1980s, frequently negatively impacted 

cell health and entailed complicated engineering scale-up. Despite promising advantages, 

adoption was not widespread.  In addition, advances in cell line engineering, media 

composition, and bioreactor design generated multiple-fold increases in product titer from 

batch and fed-batch cell cultures, temporarily reducing the need for, and the impact of, 

perfusion cell culture approaches.  

The recent pursuit of alternative manufacturing strategies that can boost facility capacity, 

throughput, and productivity with reduced costs and scale of operation has led to a renewed 

interest in perfusion technology and its benefits. Technology innovations, such as XCell 

ATF®, using novel alternating tangential flow filtration, have been instrumental in solving 

historical challenges and in shifting the paradigm towards perfusion as a key platform for 

modern upstream processing.  



2 
 

A Hollow fiber bioreactor is a 3-dimensional cell culturing system based on hollow fibers, 

which are small, semi-permeable capillary membranes arranged in parallel array with a 

typical molecular weight cut-off (MWCO) range of 10-30 kDa. These hollow fiber 

membranes are often bundled and housed within tubular polycarbonate shells to create 

hollow fiber bioreactor cartridges. Within the cartridges, which are also fitted with inlet and 

outlet ports, are two compartments: the intracapillary (IC) space within the hollow fibers, and 

the extracapillary (EC) space surrounding the hollow fibers.  

Cells are seeded into the EC space of the hollow fiber bioreactor and expand there. Cell 

culture medium is pumped through the IC space and delivers oxygen and nutrients to the cells 

via hollow fiber membrane perfusion. As the cells expand, their waste products and CO2 also 

perfuse the hollow fiber membranes and are carried away by the pumping of medium through 

the IC space. As waste products build up due to increased cell mass, the rate of medium flow 

can also be increased so that cell growth is not inhibited by waste product toxicity.  

Because thousands of hollow fibers may be packed into a single hollow fiber bioreactor, they 

increase the surface area of the cartridge considerably. As a result, cells can fill up the EC 

space to densities >108 cells/ml. However, the cartridge itself takes up a very small volume 

(oftentimes the volume of a 12-oz soda can). The fact that hollow fiber bioreactors are very 

small and yet enable incredibly high cell densities has led to their development for both 

research and commercial applications, including monoclonal antibody and influenza vaccine 

production. Likewise, because hollow fiber bioreactors use up significantly less medium and 

growth factors than traditional cell culture methods such as stirred-tank bioreactors, they 

offer a significant cost savings. Finally, hollow fiber bioreactors are sold as single-use 

disposables, resulting in significant time savings for laboratory staff and technicians.  

Perfusion achieves 100-130 million VCD compared to 13 million for Fed-Batch. Perfusion 

culture viability is maintained above 90% over a period of 17 days. Fed-Batch viability 

begins to drop after day 9 to approximately 70% at days 14-15. Higher VCD and viability of 

perfusion cultures translates to an increase in total product yield. Perfusion process yields 

approximately 30-35 g. Fed-Batch process achieves 3 g in approximately 15 
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days. 
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