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Comparison of the Uniaxial Tensile Strength, Elasticity and Thermal Stability
between Glutaraldehyde and Glutaraldehyde with Solvent Fixation
in Xenograft Cardiovascular Tissue

Sungkyu Cho, M.D.*, Yong-Jin Kim, M.D.*, Sco Hwan Kim, M.D.* Ji Eun Park, M.D.*, Woong-Han Kim, M.D.*

Background: With the advances of cardiac surgery, the demand for an artificial prosthesis has increased, and this
has led to the development and utilization of diverse alternative materials. We conducted this research to improve
an artificial prosthesis by examining the changes of the physical qualities, the pressure related tensile strength, the
change in elasticity and the thermostability of a xenograft valve (porcine) and pericardium {bovine, porcine) based
on the type of fixation liquid we used. Material and Method: The xenograft valves and pericardium were assigned
into three groups: the untreated group, the fixed with glutaraldehyde (GA) group and the glutaraldehyde with GA-+
solvent such as ethanol etc. group. The surgeons carried out each group's physical activities. Each group's uniaxial
tension and elasticity was measured and compared. Thermostability testing was conducted and compared between
the bovine and porcine pericardium fixed with GA group and the GA+ solvent group. Result: On the physical ac-
tivity test in the surgeon's hand, no significant difference between the groups was sensed on palpation. For suture
and tension, the GA-+solvent group was slightly firmer than the low GA concentration group. In general, the cir-
cumferential uniaxial tension and elasticity of the porcine aortic and pulmonary valves were better in the fixed
groups than that in the untreated group. There was no significant difference between the GA and GA+solvent
groups (p>0.05). Bovine and porcine pericardium also showed no significant difference between the GA group and
the GA+solvent group (p>0.05). When comparing between the groups for each experiment, the elasticity tended
to be stronger in most of the higher GA concentration group (porcine pulmonary valve, porcine pericardium). On
the thermostability testing of the bovine and porcine pericardium, the GA group and the GA-+solvent group both
had a sudden shrinking point at 80°C that showed no difference (bovine pericardium: p=0.057, porcine pericardium:
p=0.227). Conclusion: When fixing xenograft prosthetic devices with GA, adding a solvent did not cause a loss in
pressure-tension, tension-elasticity and thermostability. In addition, more functional solvents or cleansers should be
developed for developing better xenografts.

(Korean J Thorac Cardiovasc Surg 2009;42:165-174)
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Circumferential Radia1

Fig. 1. Uniaxial tensile strength test of porcine valve and pericardium,
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Table 1. Physical activity of xenograft by surgeon's hand

Low GA High GA GA +solvent
Palpation Wall N 18 15 38 p-value*
1.77+0.42 1.860.51 2.100.60 p=0.087
Valve N 18 15 38
1.50+0.51 1.60+0.51 1.76+0.43 p=0.132
Pericaridium N 18 15 23
1.66+0.48 1.73+0.45 2.04£0.56 p=0.071
Suture Wall N 18 15 38 p-value*/p-value f
1.77+0.42 2.06+0.26 2.07+0.43 0.028/0.027
Valve N 18 15 38
1.44+0.51 1.66£0.48 1.89+0.61 0.021/0.018
Pericaridium N 18 15 32
1.55+0.48 1.73+0.45 1.93+0.56 0.12/0.009
Extensibility Wall N 18 15 40
1.88+0.42 1.860.51 2.20+0.60 0.006/0.026
Valve N 18 15 40
1.38£0.51 1.66+0.48 1.95£0.43 0.000/0.000
Pericaridium N 18 15 26
1.72+0.42 1.860.51 2.07+0.60 0.038/0.032

*=Statistical significances were tested by ANOVA analysis of variances among group; T —Paired T-test analysis between low GA
group and GA+Solvent group (the group was selected based on ANOVA and Turkey’s multiple comparison test); GA=Glutaladehyde.
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Table 2. Tensile strength and elasticity of circuferencial and radial aortic valve

Fresh GA GA + Solvent p-value*/p-value '
Aortic circumferential N 18 14 28
Tensile strength (Kgf/5 mm) 1.46+0.52 1.95+0.77 1.91+0.77 0.025/0.863
Elongation ratio (%) 45.03£11.37  75.62+40.92 63.28+23.50 0.006/0.220
Aortic radial N 17 13 28
Tensile strength (Kgf/5 mm) 0.23+0.06 0.43+0.16 0.30+0.04 0.175/0.278
Elongation ratio (%) 58.35+5.96 89.04+12.94 71.72+4.44 0.029/0.120

*=Statistical significances were tested by ANOVA and Turkey’s multiple comparison test of variances among group;

f =Paired T-test

analysis between GA group and GA -+ Solvent group; GA=Glutaladehyde.

Table 3. Tensile strength and elasticity of circuferencial and radial pulmonary valve

Fresh GA GA+Solvent  p-value*/p-value '
Pulmonary N 23 14 27
circumferential Tensile strength (Kgf/5 mm) 0.78+0.34 1.250.12 1.30+1.29 0.00/0.792
Elongation ratio (%) 34.51+34.52 65.64+35.10 82.94+44.51 0.00/0.183
N 23 14 17
Pulmonary radial Tensile strength (Kgf/5 mm) 0.14+0.05 0.18%0.66 0.16+0.45 0.073/0.401
Elongation ratio (%) 64.77£16.36 97.06+40.56 102.64£39.68 0.003/0.686

*=Statistical significances were tested by ANOVA and Turkey’s multiple comparison test of variances among group;

T ~Paired T-test

analysis between GA group and GA + Solvent group; GA=Glutaladehyde.

Table 4. Tensile strength and elasticity of bovine pericardium

Fresh GA GA+Solvent  p-value*/p-value T
Bovine pericardium N 42 35 70
Tensile strength (Kgf/5 mm) 1.514£0.78 2.6111.28 2.58+1.17 0.00/0.927
Elongation ratio (%) 19.26£6.34 30.57+14.29 24.52+10.97 0.000/0.032

*=Statistical significances were tested by ANOVA and Turkey’s multiple comparison test of variances among group;

f =Paired T-test

analysis between GA group and GA + Solvent group; GA=Glutaladehyde.
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Table 5. Tensile strength and elasticity of porcine pericardium

Fresh GA GA +solvent p-value*/p-value T
Porcine N 42 35 70
pericardium Tensile strength (Kgf/5 mm) 0.76+0.32 0.83+0.39 0.81+0.34 0.816/0.837
Elongation ratio (%) 11.4313.54 15.6216.51 16.75+7.53 0.163/0.427

*=Statistical significances were tested by ANOVA and Turkey’s multiple comparison test of variances among group; T =Paired T-test
analysis between GA group and GA+ Solvent group; GA=Glutaladehyde.

Table 6. Thermal stability test of bovine pericardium and porcine pericardium

Fresh GA GA-+solvent  p-value*/p-value T
Bovine pericardium N 30 35 35 70
Thickness (mm) 0.32£0.052  0.40+0.12 0.37+0.10 0.001/0.183
Temperature at sharp deflection point (°C) 66.33x1.39  79.96+1.73 80.8612.45 0.000/0.057
Porcine pericardium N 30 35 65
Thickness (mm) 0.01+0.02 0.15+0.03 0.17+0.06 0.000/0.265
Temperature at sharp defelction point (°C) 65.42+1.52  79.39+2.36 79.98+2.28 0.000/0.227

*=Statistical significances were tested by ANOVA and Turkey’s multiple comparison test of variances among group; T —Paired T-test
analysis between GA group and GA+ Solvent group; GA=Glutaladehyde.
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