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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 0625%, 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. Resulf: 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 handiing and advantageous tensile strength. GA fixation did not cause
physical or mechanical damage during anticaicification or decellularization treatment, but combining SDS-ethanol
pre-freatment and GA fixation provided the best tensile strength and thickness.
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Key words: 1. Calcification
2. Heterograft
3. Glutaraldehyde

so)sodAefeta oftuiet BEW FrosietaA
Department of Thoracic and Cardiovasular Surgery, Ewha Womans University
AglSta A FRtaY, Agded JgdATL, vlole o] FA7] MY Ajith
Department of Thoracic and Cardiovascular Surgery, Seoul National University Hospital, Seoul National University College of Medicine, Seoul
National University Hospital Clinical Research Institute, Xenotransplantation Research Center
R AAZRY FRI%
Department of Thoracic and Cardiovascular Surgery, Sejong General Hospital, Sejong Heart Institute
e EE EEICE R LA T EE
Department of Thoracic and Cardiovascular Surgery, College of Medicine, Dankook University
weeob A S)sbetefsta AR FR9ITe 2
Department of Thoracic and Cardiovascular Surgery, Gil Medical Center, Gachon University of Medicine and Science
T8 d7e EA5AY BA0 B/ 842 Aol ofsto] o] FolA ZAY(@ASLFHE: A040004).
=TATY 2007 108 19¢, AAEY ;20079 129 7Y
YA LA (110-744) AgA) F2TF AAE 28R, Agdighadg ofzloly Y Fr o

(Tel) 02-2072-3638, (Fax) 02-745-5209, E-mail: kyj@plaza.snu.ac.kr
€ =9 AFE o AAeiAle] AHLFAL kg sekse) gl

- 170 —



M =
A% e WA W R 23 WG A5
€ A 2ol wek 44 9 Y4B 5o AES =
Rel7] A8l A7) 2Hel ol g wAel Best ¥
oftb el @2k WAA AT AL, olgHx
ATHL) Z276] 2 FRAAGAANA o)F 2AH

B4l 5= 4% 2 A 9 Aol A3 433
7b Z7)ell WhAste] FA) FEAdHel HEAYA E
A A LED wb glon[s), wakA o) 43zte w
A WAE S BAHE o] 83 49 A7) AHd)
T 847t F Ao R[6] Aekstel, wiFAe] M} A

dol Hi Aol Hyet PAEHHS A
Het A9S AFste Folvh AFAA @
< ATES 4v AN Agss  glutaraldehyde
(GA)9] aldehyde 7](-CHO)7} AW Z<3} vF-2slo] 4
397t doljure F el Ha drka Aol [7,8],
of aldehyde”] 9| ZAZH9E wie] & EAI AFAA
ZEd Adste AE ol FoEN AH33E WAl
A AlEstch B2 dqtollA 34 glutaraldehyde T
AENe s o B uadlgs Hrlste] A
Sk o, AMEAAAL SIS o] £33 XX
W Sol &MA vt ok A3]gtel A AAHQ A
(mechanical failure)® o|Zo]4] HHHeo Ay <
el A3 Fod ddez F#A dou}9,10], olF
of4] Bz 7|AA AAo Ui 7z 77}
Sl AAolth B AAEL oju] 4&3tHa Qe 71E
o o]FolH HAHAEI wudozH, 27 0625%
Glutaraldehyde (GA)el] 1% 13 FEthanol, Sodium dode-
cylsulfate (SDS)E 34 3]3}, FAZeA e & AP}
of ofF] 7HA] 27 EollA AzEE =HA Aol g4H
& Aol 71AA, E8ld 2HAEZA o]Fo]4] HAH
A FA, A8 59 BALY HIE Ao} HaA s

sich

I

T

o
4o

of

o

[o]

(o3 puE)

(e

oX uot

of

VO T

1) 0I50(4 BEEO| A=
EAG A Fo A gz slol] A48 =aE =R
A FA AGE HZslo] Z71-E phosphate buffered sol-
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& Manufacture, Digital Force Gauge, Model 5FGN, auto-
mated materials testing systems ©]-§ load speed 100
mm/min® FAste] e Kg F/EFS5 mmE 7159
ok gk Aol Aol AHate] #AE Bl St
782]#] 2 Mitutoyo Thickness Gauge (Digimatic 543-122-15,
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H Al Fs it

4) EM35|5l A ZM|ZESLA 2|(Ethanol, SDS)

(1) 80% Ethanol A X|: 80% ethanol XX AdHL
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glutaraldehyde 314&}3L, 4°C2] PBS solutionof] H.3lcl,

(2) Sodium dodecyl sulfate (SDS)E 0|28t M ZES}
Ny F XM2|: A3HES Hypotonic buffer (Tris, 10
mmol/L; EDTA, Aprotinin, PH 8, Sigma Co., U.S.A.)ol|4]
4& 14417F, 1 ¥ 05% SDS & X33 Hypotonic buf-

rook ok

- 171 —



WE=SIN
2008;41:170-176

Table 1. The tensile strength and thickness after fixation with different GA concentration

Fresh

0.625% GA

1.5% GA 3.0% GA

5 . %
GA concentration N=22 N=30 N=30 N=30 p-value
Tensile strength 0.8510.24 0.72+£0.23 0.84£0.32 0.91£0.17 0.004
(Kgf/5 mm) (0.46~1.43) 0.20~1.12) 0.14~1.54) (0.53~1.18) '
T b a b ¢
Thickness 0.13+0.05 0.1120.02 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.

feroll Al 24X|7F, L & Isotonic buffer (Tris, 50 mmol/L;
EDTA, Aprotinin, PH 8, Sigma Co., U.S.A)A 24A| 7+
Aelslo] FAZIAAE APsta gl AH F
H3kslo] FAESE AP FI, FAE}FA
0625% glutaraldehyde 378 8- Noll 7} 2537+ AT

2 R, 2F AAE Sdtol AlFEBS) AR
4 Coﬂ B

(3) EthanolX2| 2! Sodium dodecyl sulfate (SDS)E
Ol88 FMESH XMzl A-ZollA 80% ethanole 244]7F
Ag ¥, ohA FAE}AAES 3 F 0.625% glutaral-
dehyde 3L -&Hell 7} 237F 348 73}, A FA)
Z38F ¥ 24417 ethanol X8l ¥ vhA] 0.625% gluta-
raldehyde -EHl F7} 237 nA% Fo2 A&
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5) A4 2y
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E <0001 §-93 A#A7F JdYhEg 1). s-A 0.1
mm o|¢e] FANNE 4F|AT 0514, FEE <0.001
g Ho} folg 4RadArt AAgchFg. 2).

3) 7I& 0150|4 H& &I} Hlw

Akl Ao =2 Ay 3u] A% FAgon A
Hx 2] HAEZ ZH5]Qc}l Shelhigh AHe] 2] A
(F7 0.17 mm, A3 118 Kg £/ 5 mm, Zo] 5 cm)
obrdl AeletA g A A 77 013 mm, FF
0.85 Kg %1% 5 mm, 7ol 5 cmyell wl3l FAL}t AHol
A RE Z7E9n Aol AEA 036 mm, A

159 Kg /% 5 mm, 20| 5 cm)@ B|&8 Axo] 24
£ Ho] FYu) 49 Aoz mZolA Shelhlgn A},
Biocor A}, Supple Peri-guard A} A E7lolle FALl A
Holl A& o]zt ¢lich(Table 2).
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Fig. 1. The relationship between tension and thickness of porcine
pericardium. Correlation-coefficient 0.404, p<<0.001.

0.200 A o o
o0 oo0o® o
0.180 7 oo
o
o o o o
2]
& 0.160 4 o oo owm @ o
% o ®oo OO @O O
ﬁ0_140— ] O @O0 a® a® o)
o o o ® 0o o
0.120 A o amo o
o
ooo o o o mo
0.100

0.200 0.400 0.600 0.800 1.000 1.200 1.400 1.600
Tension

Fig. 2. The refationship 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 0.1320.05 (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) 3 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)
(Kgff5 mm) Shelhigh (porcine) 6 1.18%0.19 (0.91~1.41)
Biocor (bovine) 3.44+0.67 (2.96~3.91)
Supple Peri-guard (bovine) 3 3.60+0.21 (3.40~3.82)
*=Statistical significances were tested by a Kruskal Wallis analysis of variances among groups.
EAF xol= YA 1 g =R ggton o] 3 AlES HEo] WAk olv] 483tEx g JE
A odE AR 3 AR S4ow A% A o olFol4 wANEI wagowd FY YL
9 €4S Pt Aos 42us, sDSE Agstel FAl 7] A% o)Tel4 wARY AW FAF opru
3k Heut o1 GA TAX %S Aol AHo| s A 8lg.om™, 0625% glutaraldehydeol]l HEGH A Ad&
—_

Z ok} (Table 3).
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Table 3. The tensile strength and thickness of six treated groups

N Average p-value* T!
Thickness GA 14 0.1120.02 (0.07~0.14) <001 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 0.1040.02 (0.07~0.13)
SDS-GA 13 0.1410.03 (0.09~0.19)
Ethanol-SDS-GA 13 0.1240.03 (0.07~0.17) a, b
SDS-Ethanol-GA 16 0.130.02 (0.09~0.17) a, b
Tensile strength GA 14 0.98+0.21 (0.64~1.35) <001 b, ¢
(Kgf/5 mm) Ethanol-GA 15 0.9240.16 (0.66~ 1.22) b
GA-Ethanol 15 0.9610.27 (0.53~1.47) b, ¢
SDS 13 0.6410.16 (0.47~1.02)
SDS-GA 13 0.8610.25 (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) c

*=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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HE: Ae7HA A 2 % 59 AEE 23] Y 2] 2% o] ohd & HAH Hert
ojuf 2oll W vheFgt tiAlAIZd AT A, o] £E 2 YUk B AdFE AR 249 e A
Bal7] fato] ofm] AE3E I = 71ES olFold] BHAET, ofe] 71X 2ALAA AzHE=
HA A EARE] &AL Aol 71AA, E2ld 21524 o|Fo]4] RAH A T,
A2 5o BA WstE ol Bt shich W X HR: 1) =X AFE 0.625% 22 1.5%, 3%
9] glutaraldehyde -§Holl 1 stod ztzte] A&7 FAE SA5A. 2) obFH HAX|etA] ke A
At AR A, aeln A8 B3 gl 71EY olFel4] HAHE A FAS 2Aglch
3) 0.625% glutaraldehyde 3% A7} % ¥ 80% Ethanol |23t 73}, sodium dodecylsulfate (SDS)
el & FAESE Alefdt &, FAES A 3ol 0.625% glutaraldehyde 43 7, 80% ethanol A
2] 3 oA FAEIAH S & ¥ 0.625% glutaraldehyde A3 F, FA L343 T }A] ethanol X2
¥ 0.625% glutaraldehyde A Fo2 ro] 27ke] Ada FAZ 2439 Bk 1) Yuky
o2 A A Tk Ao AnBATL ddler, GA FEE SHUSFE T ZFviet
A AL Ao, obrdd Ml E 312 Be A Ay F4E GA @ Al vtk T
o AHE Hol F9rk o] A FAI7F 0.1 mm o] Foll A FA-4ZH bl Folgt AsuAZ} Qgich
(&FAT 0514, FolEE <0.001). 2) 7]E9 o]Fo|4] BAHA ZrellE FA AHoNAE 2pol7}
813lt}. 3) GA, cthanol, SDS F-AIZ3}t Xzl &t Ade] Frlo FAZQ HolE YA 2 oFgk
< 3A &sken, oldt o7 HelFH F Az 4o Qg Ay £AL g Ao
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