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Development of Porcine Pericardial Heterograft for Clinical Application
(Tensile Strength-thickness)

Kwan Chang Kim, M.D.*, Cheul Lee, M.D.***, Chang Hue Choi, M.D.*****, Chang-Ha Lee, M.D.***, Sam-Sae Oh,
M.D.***, Seong-Sik Park, M.D.***, Kyung-Hwan Kim, M.D.**, Woong-Han Kim, M.D.**, Yong-Jin Kim, M.D.**

Background: Bioprosthetic devices for treating cardiovascular diseases and defects may provide alternatives to
autologous and homograft tissue. We evaluated the mechanical and physical conditions of a porcine pericardial
bioprosthesis treated with Glutaraldehyde (GA), Ethanol, or Sodium dodecylsulfate (SDS) before implantation.
Material and Method: 1) Thirty square-shaped pieces of porcine pericardium were fixed in 0.625%, 1.5% or 3%
GA solution. 2) The tensile strength and thickness of these and other bioprosthesis, including fresh porcine
pericardium, fresh human pericardium, and commercially produced heterografts, were measured. 3) The tensile
strength and thickness of the six treated groups (GA-Ethanol, Ethanol-GA, SDS only, SDS-GA, Ethanol-SDS-GA
and SDS-Ethanol-GA) were measured. Result: 1) Porcine pericardium fixed in 0.625% GA the thinnest and had
the lowest tensile strength, with thickness and tensile strength increasing with the concentration of GA solution.
The relationship between tensile strength and thickness of porcine pericardium increased at thicknesses greater
than 0.1 mm (correlation-coefficient 0.514, 0<0.001). 2) There were no differences in tensile strength or thickness
between commercially-produced heterografts. 3) Treatment of GA, ethanol, or SDS minimally influenced thickness
and tensile strength of porcine pericardium, except for SDS alone. Conclusion: Porcine pericardial bioprosthesis
greater than 0.1 mm thick provide better handling and advantageous tensile strength. GA fixation did not cause
physical or mechanical damage during anticalcification or decellularization treatment, but combining SDS-ethanol
pre-treatment and GA fixation provided the best tensile strength and thickness.

(Korean J Thorac Cardiovasc Surg 2008;41:170-176)
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Table 1. The tensile strength and thickness after fixation with different GA concentration

GA concentration Fresh 0.625% GA 15% GA 3.0% GA valuc
concentratio N=22 N=30 N=30 N=30 p-value

Tensile strength 0.85:0.24 0.72+0.23 0.84+0.32 0.910.17 0024

(Kgf/5 mm) (0.46 ~ 1.43) 0.20~1.12) 0.14~ 1.54) 0.53~1.18) ‘

TJr b a b c

Thickness 0.1340.05 0.11+0.02 0.13+0.02 0.16+0.02 <001

(mm) (0.41 ~0.20) (0.07~0.16) (0.08 ~0.16) (0.11~0.20) '

T' a, b a a, b b

*=Statistical significances were tested by oneway analysis of variances among groups.

T=The same letters indicate non-significant

difference between groups based on Tukey’s multiple comparison test. GA=Glutaladehyde.
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Fig. 1. The relationship between tension and thickness of porcine
pericardium. Correlation-coefficient 0.404, p<0.001.

223 Q)
o|Fol4 WA AT o] T2 54

0.200 - ° °
o o O O @ [¢]
0.180 - oo
(o)
o O 00 (o)
"
& 0.160 - o o0 om @ o
% (o) OO MO O O
£ 0.140 1 6 o0 ™o cm® o o
[e] (o) O @ OO o
0.120 O ao o
(o)
O O O (o) O O @O
0.100'I

0.200 0.400 0.600 0.800 1.000 1.200 1.400 1.600
Tension

Fig. 2. The relationship between tension and thickness of porcine
pericardium in case of thickness more than 0.1 mm.
Correlation-coefficient 0.514, p<<0.001.

Table 2. The tensile strength and thickness of commercially produced bioprosthesis

N Average p-value*

Fresh porcine 22 0.13+0.05 (0.04~0.20) <0.01
Fresh human 2 0.36+0.02 (0.35~0.37)
Thickness Shelhigh (bovine) 13 0.29+0.06 (0.21~0.39)
(mm) Shelhigh (porcine) 6 0.17+0.02 (0.15~0.20)
Biocor (bovine) 0.29+0.01 (0.28~0.30)
Supple Peri-guard (bovine) 0.25+0.02 (0.23~0.26)

Fresh porcine 22 0.85+0.24 (0.46~ 1.43) <0.01
Fresh human 2 1.59+0.36 (1.34~1.84)
Tensile strength Shelhigh (bovine) 13 3.44+0.51 (2.38~4.20)

(Kgf/5 mm) Shelhigh (porcine)
Biocor (bovine)

Supple Peri-guard (bovine)

1.18£0.19 (0.91~1.41)
3.44£0.67 (2.96~3.91)
3.60+0.21 (3.40~3.82)

w

*=Statistical significances were tested by a Kruskal Wallis analysis of variances among groups.
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Table 3. The tensile strength and thickness of six treated groups

N Average p-value* T!
Thickness GA 14 0.11£0.02 (0.07~0.14) <0.01 a
(mm) Ethanol-GA 15 0.10£0.01 (0.07~0.12) a
GA-Ethanol 15 0.12+0.03 (0.09~0.19) a, b
SDS 13 0.10£0.02 (0.07~0.13) a
SDS-GA 13 0.14+0.03 (0.09~0.19)
Ethanol-SDS-GA 13 0.12+0.03 (0.07~0.17) a, b
SDS-Ethanol-GA 16 0.13+0.02 (0.09~0.17) a, b
Tensile strength GA 14 0.98+0.21 (0.64~1.35) <0.01 b, ¢
(Keff5 mm) Ethanol-GA 15 0.92:0.16 (0.66~1.22) b
GA-Ethanol 15 0.96+0.27 (0.53~ 1.47) b, ¢
SDS 13 0.64+0.16 (0.47 ~1.02)
SDS-GA 13 0.86+0.25 (0.52~1.19) b
Ethanol-SDS-GA 13 0.99+0.26 (0.64 ~ 1.44) b, ¢
SDS-Ethanol-GA 16 1.17+0.26 (0.80~ 1.70) ¢

*=Statistical significances were tested by oneway analysis of variances among groups.

T—The same letters indicate non-significant

difference between groups based on Tukey’s multiple comparison test. GA=Glutaladehyde; SDS=Sodium dodecylsulfate.
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o] Fo] 4] A BAH o HAZ FAE HolE 0.1 mm o]Fo]ojof A&l HAsla ZL%HE
frelsb, ofe] =781 Adzz 2 Wl vl FA A- e Feldtk Kol & HolA] grof
GAE o] &3t 74 =7 Aeliy 5 24Edd ot 724, 7143 EAL gl Jes *E’%EIU%,
gy A FAESE 3 2441 7F ethanol A 2] 3 thA] 0.625% glutaraldehyde 3173 8ol 7} 25
b 2R3 Ade] T = AEE Kol ok

S& =0f 1. 433
2. o]Z zzl

3. 2FEgdlstel=
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