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Background: As cardiovascular operations become more complex and sophisticated, there is an increasing need for
various bioprostheses for use as components of blood vessels and heart valves. We developed a fatigue stimuli
test instrument to objectively evaluate the mechanical durability of a bioprosthesis, and we tested several currently-
known processing methods for bovine pericardium and we then compared the results. Material and Method: Fresh
bovine pericardium was collected at the butcher shop with using aseptic technique, and each piece of pericardium
was fixated and/or decellularized by 16 representative methods. We measured the permeability and compliance of
the processed bovine pericardium samples, and measured them again after exposure to the fatigue stimuli. All the
pieces of pericardium underwent microscopic examinations before and after the fatigue stimuli. Result: A mixture of
glutaraldehyde and solvent treatment showed better mechanical durability than did the single glutaraldehyde
treatment. High concentration glutaraldehyde treatment showed equal or no worse results than did low concentration
glutaraldehyde treatment. After SDS (sodium dodecylsulfate) decellularization, the mechanical property of the biopros-
thesis became much worse (20~190 times) and the mechanical durability to the fatigue stimuli was also very
poor. Conclusion: We obtained the basic durability data after various fixation methods with using a home-made fa-

tigue test instrument.

(Korean J Thorac Cardiovasc Surg 2009;42:148-156)
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Table 1. Permeability and compliance of variously fixed bovine pericardium, before and after fatigue stimuli. Different solvents were used

Permeability Compliance; 100 to 200

2 2.

Bovine pericardium fatigue test (cc/hr + cm’) mmHg (#L/mmHg - cm’)
Before After Before After

Solvent focused - storage: 0.3% GA for 12 days at room temperature

1. 0.5% GA for 2wks at RT (control) 0.07 0.51 0.29 0.54
2. 0.25% GA+60% EtOH for 2d at 4°C+storage 0.03 041 0.19 0.67
3. 02% GA+60% EtOH for 2d+storage 0.01 0.01 0.22 0.13
4. 025% GA+95% EtOH for 3d+storage 0.11 0.05 0.19 0.25
5. 0.6% GA+80% EtOH for 3d at 4°C+storage 0.01 0.16 0.64 0.51
6. 0.6% GA+45% EtOH+5% octanol at 4°C for 3d+storage 0.00 0.59 0.22 0.64
7. 0.6% GA+45% EtOH+5% octanediol at 4°C for 3d+storage 0.00 0.76 0.45 0.92
8. 0.5% GA+30% n-butanol+50% EtOH for 3d+storage 0.03 0.02 0.35 0.25

GA=Glutaraldehyde; EtOH=Ethanol; RT=Room temperature; d=Days.

Table 2. Permeability and compliance of variously fixed bovine pericardium, before and after fatigue stimuli. High concentration gluta-
raldehyde was used

Permeability Compliance; 100 to 200

2. 2

Bovine pericardium fatigue test (cc/hr + cm’) mmHg (#L/mmHg - cm’)
Before After Before After

High concentration glutaraldehyde fixation - storage: 0.25% GA for 12 days at room temperature

9. 3% GA for 3d at RT +storage 0.17 0.16 0.25 0.32
10. 3% GA+80% EtOH for 3d+storage 0.16 0.22 0.22 0.70
11. 3% GA+20% n-butanol+50% EtOH for 3d+storage 0.05 0.06 0.19 0.32
12. 3% GA+45% ethanol+5% octanol for 3d + storage 0.00 0.00 0.38 0.19

GA=Glutaraldehyde; EtOH=Ethanol; RT=Room temperature; d=Days.
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Table 3. Permeability and compliance of variously fixed bovine pericardium, before and after fatigue stimuli. Decellularization was applied

or not

Bovine pericardium fatigue test

Permeability Compliance; 100 to 200
(cc/hr - sz) mmHg («L/mmHg * sz)
Before After Before After

Decellularization focused - storage: 0.25% GA for 12 days at room temperature

13. Fresh pericardium — 0.5% GA for 3d at RT+storage 0.04 0.25 0.48 0.76
14. Decellularized pericardium — 0.5% GA for 3d at RT +storage 7.64 19 4.1 8.28
15. Fresh pericardium — 0.5% GA+80% EtOH for 3d-+storage 0.23 0.13 0.57 0.32
16. Decelluarized pericardium — 0.5% GA+80% EtOH for 3d+storage 5.0 17 35 8.9

GA=Glutaraldehyde; EtOH=Ethanol; RT=Room temperature; d=Days.
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Fig. 3. H&E stain of fixed bovine pericardium (x100). High concentration glutaraldehyde (3%)zvarious solvents. (9~12) BF=Before fatigue;

AF=After fatigue.

gl AMZ2 ] MYt AL FFEE s
= oA = Zio+(1%)9} FEQ~3% AE)E
= , ololl & A7AES 71E9 1% it TE FF
e2ddls=E °l%§ 139 4l 3% FFElEdds| =
o} Ae 148 5 IZ A AZol
+ 54 & gdsisiel o A

o o;

3% SFEFELUS|EE AL o] IZ AY AxE &
7=, -rr"‘-‘-:— 223 BA4ellA 05% FFEH=LE =
AgToll 3l d5skA & °LT;]—(Table 2). 2ATH o T

5
S Y Aol 2 Aol F

4) EtM|ZS}(decellularization) & 20§ Al2 050
A0|E E AEF

o ol &3 AEE ol Agdeh FATHE AFAe
Z SDS (sodium dodecylsulfate) -&8-8 A&} & of

152 —



e Q|

Fig. 4. H&E stain of fixed bovine pericardium (x100). Decellularization (t)solvent (80% ethanol). (13~16) BF=Before fatigue; AF=After

fatigue.
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