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Statement of Purpose: Bioprosthetic heart valves have 
been implanted into humans for more than 30 years, and 
better understanding the nature of the calcification 
remains an ongoing challenge.1 Many studies today use 
small animals and a single time point to evaluate the 
effects of anti-calcification treatments on bioprosthetic 
tissue.2 However, to better understand how effective these 
tissue treatments are, a kinetic profile revealing the 
progression of calcification is required. The purpose of 
this study was to assess the calcification kinetics of 
bioprosthetic tissue over time (75-days) using the rabbit 
intramuscular implant model.  
Methods: In this study the calcification kinetics of tissue 
test groups and two control groups were assessed. The 
two control groups were glutaraldehyde-treated (glut-
treated) porcine leaflets and glut-treated bovine 
pericardium tissue. The two test groups were ThermaFix 
Processed bovine pericardium TFX process Edwards 
Lifesciences (TFX process) and alpha-amino oleic acid 
(AOA) processed porcine leaflets. The tissue was 
removed from the valves and punched into 6-mm discs.  
 The TFX process is a relatively new tissue 
processing method that stabilizes Schiff bases and reduces 
phospholipids and cellular debris, thus forming stable 
chemistry within the tissue, ultimately reducing the 
calcification potential.3 AOA processing has been 
describes as an aldehyde blocking agent that prevents 
calcium ions from penetrating the tissue or binding to 
aldehyde groups.4 The tissue disc samples (n=4 for each 
group) were explanted every five days until day 75. The 
calcium from the explanted samples was measured using 
atomic absorption spectroscopy (AAS). 
Results: The calcium levels were plotted versus time, and 
a least-square fit sigmoidal curve was used to do a best fit 
for each kinetic profile (figure 1). The TFX process test 
group exhibited a lower calcium plateau level (124 µg 
Ca2+ mg-1 dry tissue) compared to the glut-treated bovine 
pericardium control (297 µg Ca2+ mg-1 dry tissue). The 
AOA tissue showed a low level of calcification through 
40 days, after which it increased to a plateau of (277 µg 
Ca2+ mg-1 dry tissue), comparable to glut-treated bovine 
pericardium control.  The glut-treated porcine showed a 
plateau similar to that of the glut-treated bovine tissue 
(320 µg Ca2+ mg-1 dry tissue). Unlike the more stable 
TFX process, the unstable nature of AOA processing and 
associated changes in the tissue chemistry with time 
appears to eventually show calcium levels similar to the 
glut-treated samples. Importantly, this issue of processed 
tissue stability is a key reason as to why a longer term, 
kinetic, animal implantation method is necessary to better 
assess anti-calcification potential of processed tissue. 
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Figure 1. Least square sigmoidal curve best fit 
calcification kinetics data. A) Glut-treated bovine 
pericardium B) Glut-treated porcine tissue C) TFX 
process. D) AOA.  

 
Conclusions:  The AOA-treated tissue showed stable, 
low calcium levels until day 40, after which, the calcium 
levels begin to rise. This phenomenon was proposed in an 
earlier study utilizing radioactively labeled AOA within 
the tissue that showed limited penetration of AOA in the 
aortic wall of porcine valves. In this study, it appeared 
that, at day 40 and thereafter, the calcium concentration 
rose until its plateau was close to the glut-treated tissue 
control plateau. AOA appears be protecting the tissue 
from calcification initially, but after an extended period, 
the calcification proceeds more rapidly, reaching a higher 
calcium plateau than for the TFX process.  

This study shows the importance of calcification 
kinetics to better understand the effectiveness of anti-
calcification tissue treatments. Single time point studies 
present only a partial picture for assessing calcification in 
bioprosthetic tissue porcine leaflets and bovine 
pericardium. 
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