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Statement of Purpose: An in vitro method is described 
herein to assess the hemocompatibility (thrombogenic 
resistance) in human whole blood of various materials for 
blood-contacting medical applications.  The blood-loop 
perfusion system is designed and developed as a universal 
hemocompatibility screening tool for a wide verity of 
biomedical materials such as inorganic materials, organic 
polymers, animal tissues and their derived species.  As a 
key part the system, the customerized sample chamber 
allows both material- and device-level comparative 
evaluation of in vitro hemocompatibility.  Besides the 
materials property, the side-by-side comparison may also 
reveal thrombogenicity attributed from sample geometry, 
surface morphology, etc.  In additional, blood and flow 
conditions, and testing fixture geometry can be altered to 
closely mimic physiological condition/environment of a 
given anatomy, thereby resulting in more relevant and 
applicable data to guide early stage device prototyping.  
This method is intended to obtain further understanding of 
blood/material interaction and blood chemistry in addition 
to ISO 10993–4: Selection of Tests for Interaction with 
Blood, which is a commonly used industrial standard to 
evaluate the hemocompatibility of materials used in 
construction of blood-contacting medical devices.     

Methods: A schematic diagram of the blood-loop 
perfusion system is illustrated in Figure 1.  During each 
perfusion, testing articles, such as biomaterial or polymer 
samples with a given shape, are placed into the machined 
and polished testing chamber fixture that is connected on 
both ends with silicone tubing.  Each end of the 
associated tubing is placed into the blood pool (37°C) and 
the blood is circulated through the system via a peristaltic 
pump.  The flow is set to a nominal or physiological value 
and will be maintained throughout the testing over the 
course of 45 minutes to 1 hour, during which testing 
articles are exposed to the flowing blood.  Fresh human 
blood used for this testing is drawn within four hours of 
the experiment from a donor.  Approximately 200 mL of 
blood is used for each perfusion with an ACT level of 
350-400 through heparin administration.  Control/blank 
experiments are also conducted with no testing subject 
placed into the system to establish blood chemistry 
baseline.  Upon completion of each perfusion, a sample of 
blood is taken from the test system to evaluate the effect 
of the system on blood integrity including (ACT and 
hemolysis), Cell Blood Count (CBC), etc.  Surface of 
each testing article is also examined via visual inspection/ 
comparison and using Environmental Scanning Electron 
Microscope (ESEM).  Qualitative platelet adhesion and 
activation are analyzed by first fixing the surface of the 
testing article with glutaraldehyde solution and 
alcohol/water, and then examining via ESEM with low 
vacuum mode.  SEM images of testing articles before and 
after exposing to flowing blood are extensively compared. 

Results: Two types of typical medical materials (porous 
biomaterial and polymeric film) are evaluated in this 
study by using appropriate fixtures.  Figure 2 showed the 
typical surface change of a porous biomaterial before and 
after exposing to flowing human blood for about 1 hour.  
After perfusion, a larger number of donut-shape red blood 
cells were physically trapped on Surface A that has a 
higher surface porosity.  However, no significant level of 
platelet adhesion and activation, which contributes greatly 
to clotting, was observed on Surface A.  In contrast, 
although less porous, Surface B (a known thrombogenic 
control surface) exhibited higher affinity to platelets, as 
shown in Figure 2, indicating poorer hemocompatibility.      
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Figure 1.  Schematic diagram of the blood-loop system. 
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Figure 2.  SEM images of two porous biomaterial surfaces 
before and after exposure to human blood flow for 1 hour. 

Conclusions:  A universal in vitro human blood-loop 
method is developed to assess the hemocompatibility of a 
wide verity of biomedical materials.  The method enables 
rapid material and device design screening at early stage 
of medical device R&D, which minimizes expensive and 
time-consuming animal studies for hemocompatibility.    


