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Membranes used for blood oxygenation and blood plasma separation represent well-

proven applications as artificial organs. Although the absolute consumption is much less 

compared with dialysis membranes, their relevance for medical devices and healthcare around 

the world does not hide behind the big brother. This chapter illustrates the cornerstones for 

production and application of these products. Blood oxygenation membranes produced by 

different methods, both symmetrical and asymmetrical, are discussed first. The second part 

describes hydrophobic and hydrophilic synthetic blood plasma separation membranes. For both 

types of membranes, membrane make-up and medical device implications are considered. 

 

MEMBRANE FOR BLOOD OXYGENATION:  

 

Currently, the vast majority of devices used for blood oxygenation use hollow fiber 

membranes. These hollow membranes permit sufficient blood gas diffusion in a small volume 

due to the large surface area and high permeability of these fibers. The high permeability of 

hollow fibers is due to the porous walls that comprise the membrane. This porosity allows 

oxygen traveling through the lumen of the fiber to come in direct contact with blood 

surrounding the fiber at the surface of the pores. Although the open, porous network permits 

very high blood gas permeability of the hollow fiber wall, it is responsible for problems that 

limit the time that current membrane oxygenators may be used. These include blood plasma 

leakage and gaseous emboli formation. Upon contact with blood, equilibrium is established 

between the forces of the surface tension and pressures acting on the blood. This equilibrium 

results in the formation of an interface between the blood plasma and sweep gas across the 

opening of the membrane’s pore. This interface allows the superior gas exchange encountered 

in hollow fiber oxygenators. However, phospholipids in the blood act as a surfactant and 

disrupt the surface tension equilibrium.The hydrophobic portion of these molecules adhere to 

the wall of the micropore, leaving the hydrophilic portion oriented toward the middle of the 

pore. This action allows the plasma/sweep gas interface to advance in the direction of the center 

of the fiber. The interface between blood plasma and sweep gas then moves through the length 

of the pore until it reaches the inner surface of the fiber. At this point the lung is “wetted out” 

and is no longer capable of exchanging sufficient amounts of blood gasses with the blood flow 

on the outer surface of the fiber due to impaired diffusion through liquid filled micropores. 

Gaseous emboli formation occurs when the pressure difference between blood on the outer 

surface of the fiber and sweep gas on the inner surface is sufficient enough to change the force 

equilibrium at the blood plasma/sweep gas interface. If the interface is driven to the outside of 

the fiber by sufficiently high sweep gas pressures or low pressures on the blood side of the 

membrane, emboli may be formed. These bubbles, if transported into the body have the 

potential to cause serious harm by forming an embolism. Disruptions of blood flow into the 

oxygenator, resulting in low pressures on the outside of the fiber, are the most common cause 

of this dangerous condition. In addition to wetting and emboli formation, thrombus formation 

limits the use and longevity of current hollow fiber oxygenators. Upon contact with foreign 

surfaces, components of the blood coagulation systems are activated and a powerful signaling 

cascade is initiated, ultimately leading to thrombus formation. Although systemic 

anticoagulants are administered during the use of any blood oxygenation device, clot formation 

within the oxygenator remains an issue that may cause failure. Various attempts have been 

undertaken to create hollow fiber membranes capable of long term blood oxygenation. These 

approaches involve coatings applied to existing, porous membranes and the production of non-
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porous membranes. Although substantial progress has been made recently, no hollow fiber 

membrane based blood oxygenator is approved for long term use by the United States Food 

and Drug Administration. Each of the approaches and techniques of developing long term 

blood oxygenation membranes has advantages and drawbacks. A disadvantage of each coating 

technique previously explored is the reliance on a very specific chemistry to form the coating. 

The reaction of human blood to foreign surfaces is very complex, for a composite long term 

blood oxygenation membrane to be viable the surface chemistry of this fiber must be as non-

activating as possible. Another drawback involves the lack of strong chemical bonds anchoring 

the coating to the exterior surface of the fiber. A common failure mechanism of medical 

coatings is delamination and undesired degradation and leaching, all of which are unacceptable 

during long term blood oxygenation. 
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MEMBRANE FOR PLASMA SEPERATION:  
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