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Cardiopulmonary bypass (CPB) is a technique used while the heart is in arrest to maintain the 
oxygenation and circulation of blood throughout the body. Inflammation inducing cytokines produced 
during CPB are associated with increased post-surgery morbidity and mortality. This study looks at the 
development of a separation chamber to incorporate in to the CPB system to remove these cytokines 
using magnetic particle targeting and capture. 

Utilization of 3D printing technology has allowed for rapid prototyping and optimization of the separation 
chamber. The incorporation of novel, high-gradient magnetic arrays will allow for the separation of 
cytokine targeting magnetic particles from the CPB system at physiologically relevant flow rates. The 
chamber was designed to limit cell shearing as well as minimize the distance between the magnetic 
particles and the magnetic array, by using a sheet flow geometry, so that the capturing force exerted on 
the particles was maximized. 

Preliminary experiments showed that the prototype design was capable of efficiently capturing magnetic 
particles at physiological flow rates. Side-by-side testing of the capturing chamber and other magnetic 
separation methods showed that the prototype is capable of filtering a greater amount of particles in a 
shorter time at a flow rate that is several orders of magnitude greater than similar studies in literature. For 
example, Earhart et al. developed a magnetic separation device that filtered 0.2 ml of a magnetic particle 
containing solution at a rate of 1 ml/hr with an efficiency of 37% [1]. Also Inge K. Herrmann et al. achieved 
a capture efficiency of 75% under a flow rate of 1.5 ml/min, using a total volume of 2.8 ml [2]. Ultimately, 
simulation of the magnetic filtration process will guide the design of the chamber and ensure that the 
magnetic force is sufficient to prevent particles from escaping the capture chamber in to the CPB system.

Filtration Test Parameters and Results

Flow Rate 500 ml/min

Volume Used 80 ml

Filtration Time 10 min

Particles used Maghemite

Initial Particle 
Concentration 0.125 mg/ml

Final Particle 
Concentration 0.0064 mg/ml

Concentraion 
Reduction 94.88%
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