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Development of Porcine Pericardial Heterograft for Clinical Application
(Microscopic Analysis of Various Fixation Methods)

Kwan-Chang Kim, M.D.*, Chang-Hyu Choi, M.D.**, Chang Ha Lee, M.D.***, Chul Lee, M.D.***, Sam Sae Oh,
M.D.***, Seongsik Park, M.D.****, Woong Han Kim, M.D.***** Kyung Hwan Kim, M.D.***** Yong Jin Kim, M.D.*****

Background: Various experimental trials for the development of bioprosthetic devices are actively underway,
secondary to the limited supply of autologous and homograft tissue to treat cardiac diseases. In this study, porcine
bioprostheses that were treated with glutaraldehyde (GA), ethanol, or sodium dodecylsulfate (SDS) were examined
with light microscopy and transmission electron microscopy for mechanical and physical imperfections before
implantation. Material and Method: 1) Porcine pericardium, aortic valve, and pulmonary valve were examined using
light microscopy and JEM-100CX Il transmission electron microscopy, then compared with human pericardium and
commercially produced heterografts. 2) Sections from six treated groups (GA-Ethanol, Ethanol-GA, SDS only,
SDS-GA, Ethanol-SDS-GA and SDS-Ethanol-GA) were observed using the same methods. Result: 1) Porcine
pericardium was composed of a serosal layer, fibrosa, and epicardial connective tissue. Treatment with GA,
ethanol, or SDS had little influence on the collagen skeleton of porcine pericardium, except in the case of SDS
pre-treatment. There was no alteration in the collagen skeleton of the porcine pericardium compared to com-
mercially produced heterografts. 2) Porcine aortic valve was composed of lamina fibrosa, lamina spongiosa, and
lamina ventricularis. Treatment with GA, ethanol, or SDS had little influence on these three layers and the collagen
skeleton of porcine aortic valve, except in the case of SDS pre-treatment. There were no alterations in the three
layers or the collagen skeleton of porcine aortic valve compared to commercially produced heterografts. Conclusion:
There was little physical and mechanical damage incurred in porcine bioprosthesis structures during various
glutaraldehyde fixation processes combined with anti-calcification or decellularization treatments. However, SDS
treatment preceding GA fixation changed the collagen fibers into a slightly condensed form, which degraded during
transmission electron micrograph. The optimal methods and conditions for sodium dodecylsulfate (SDS) treatment
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need to be modified.

(Korean J Thorac Cardiovasc Surg 2008;41:295-304)
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Fig. 1-1. Light micrographs of normal pericardium without processing, stained with alkaline toluidine blue. (A-C) Porcine pericardium (D-F)
Human pericardium. Collagen fiber is maintained well. Human pericardium is thicker than bovine's (twice).
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Fig. 1-2. Transmission electron micrographs of normal pericardium without processing. (A-C) Porcine pericardium (D-F) Human pericardium.
Collagen fiber is maintained well. Human pericardium is thicker than bovine’s (three times).
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Fig. 2. Porcine pericardium with (A) glutaraldehyde (0.625%) fixation, (B) ethanol treatment+glutaraldehyde (0.625%) fixation, (C) gluta-
raldehyde (0.625%) fixation+ethanol treatment, (D) decellulization (0.25% SDS), (E) decellulization (0.25% SDS) treatment+glutaraldehyde
(0.625%) fixation, (F) ethanol treatment+decellulization (0.25% SDS) treatment+glutaraldehyde (0.625%) fixation, (G) decellulization (0.25%
SDS) treatmenttethanol treatment+glutaraldehyde (0.625%) fixation. Collagen fiber is maintained well, except in (D), (E), and (G). In that
group, collagen fiber is slightly condensed and gaped.
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Fig. 3. (A) Shelhigh bovine pericardium, (B) Shelhigh porcine pericardium, (C) Supple peri-guard bovine pericardium, (D) Biocor bovine

pericardium. Collagen fiber is maintained well.
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A ek £ Ao g whEo]Z Carpentier Edwards,
Medtronics, Shelhigh, Biocor &2 ©& AFEE A<
ST A FAEY ZEE A A=A 9 vhEg. 5).

ln =

2 AR 8 LY olFolA EAH 9 aE o
3 AFS hEel WA oju] AE3}E 3 e 7€
% HAEI v2g o ZH 0.625% glutaraldehyde
off HESE A AE T it ol EaketS ethanol,
sodium dodecyl sulfate (SDS)E 01—9- 5 FA XS Sog
FA33 A5 3 F A E Aol o]Fo]A] BAH 9
B v 8 Az A £71E dol Raat &gk
A Tl A A F5 Goll o] &3te ZARHAHL &
T 7Y SAFLE AAH g Stol|A] Fee] ¥ gl
& ARoltl, = Aol S ofeigel Y AE oh
v 3735 oz Ffol A 2HA] BAkslE Ao] o
o olzgel 9T AeE AL AR A8H

o
>
x
i

=
71“" wol 9= B]' °]°ﬂ e FaL AT Bgsld 7]
9 Y HAdHEg 3 o = =
noez /‘"7—}51‘4 olg|dh =2 HA, iAo g HA
¢ BAAL GAdl 1 HEI = [
¥ %l"r:- 1, o]+ 229 Z94d-fFEel GAS Had
cross- linkE ©]F™ GA polymers =
o] &3 Zlo| A, o] GAS] At aldehyde?]7} Zg3t A
ot Aol A3jste] F Aoz AZE A 9lo][7,8,13]
o] aldehyde”] ¢ ZA¢H-915 vh& SR wHSAA Zgol
BE AT ol AT UL S 9E Aeleh
AAFS; Ae] Ad =2 HES] FYol B vhE A3
ske] =70 He Ao dHA glonz AHLYA ]
AR R 2 A4 A sDse] A4 F-917F A 9l A4
Aol A0 7 o] F3te Ae wobFe 7S Wt o
Salet11,12). o] AHLAA L] 423t o} FIte o}
2 /MEE 394 =2 AE e A Al
mucopolysaccharide, glycoprotein 52 ©] AWZAI A7} A
Asto] WA oz X3S hdvtae dEiA 9l



Fig. 4. Porcine valve (A) without processing, with (B) glutaraldehyde (0.625%) fixation, (C) ethanol treatmenttglutaraldehyde (0.625%) fix-
ation, (D) glutaraldehyde (0.625%) fixation+ethanol treatment, (E) decellulization (0.25% SDS), (F) decellulization (0.25% SDS) treat-
ment+glutaraldehyde (0.625%) fixation, (G) ethanol treatment+decellulization (0.25% SDS) treatment+glutaraldehyde (0.625%) fixation, (H) de-
cellulization (0.25% SDS) treatmenttethanol treatment+glutaraldehyde (0.625%) fixation. Three layers are intact. Collagen fiber is maintained
well, except in (E), (F), and (H). In that group, collagen fiber is slightly condensed and acellular state.
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Fig. 5. (A) Carpentier-Edward porcine tissue valve, (B) Medtronic
porcine tissue valve, (C) Biocor porcine tissue valve, (D)
Carpentier-Edward pericardial valve, (E) Shelhigh porcine tissue
valve. Layer is intact. Collagen fiber is slightly loose with cellular
component, except (D) with acellular state.
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At AsE F FAIESIA ol 0.625% glutaraldehyde 83 7, 80% ethanol gl ¥ thA|
FAZFAE 8 & 0.625% glutaraldehyde A3 7, FAIESEE & t}A] ethanol Al & t}A
0.625% glutaraldehyde 3143t F+ o2 o] ZHzhg 38 9l AxdAu| oz dslgict. Bk 1)
A G Aak Z(serosal layer), A3 (fibrosa), A ¢|2 Z3t=%](epicardial connective tissue)Z
o] Folx gRom, ofF 74A] XA Folle B el Afe & A = Ak skA FAE
Shuk AJsisl AV WA FAEE A3t #o ZepllFze v ol vl =<skAl A7 " (loosely
condensed) %¥Aoldtl. 71E] A A Ado g wrEo]F Shelhign, Biocor, Supple Peri-guard
5o AEES] Eob 4%E v & $4 B2 geleh 2) A o5, A5 Beke 4ga
(lamina fibrosa), 3ll™1 2 F(lamina spongiosa), 414 FH(lamina ventricularis) A& 22 o] Fo]A 9lgle
™ o] FhahE oJ7EA HX| Foll= B AFH Fehdl AR & A =3 Ak sARE 54
23k AJssl A mA] A2k 72 AdellA AY FEilFEe o Tl vlE o =&l A
7 H (loosely condensed) ol A dl-gsteto 2 nkE0]% Carpentier Edwards, Medtronics,
Shelhigh, Biocor?] th& AlEFEE AN HF2 & FAENL Zeple & f2 =i ol ZE:
o] Fol4 A e I}, dle Ak HAHLE o] =7%e g WSl weh 39 3
AR An A F20 gl o] & HolA oFo}, GlutaraldehydeE o] &3t 2% =4 Hela4 F
zZE o3t 24, V| AZEAL = Ao g ALE M, sodium dodecylsulfate (SDS)< ©]-&3}
of TAES AelT AW A dRPel wANlY Tepa zAe) wlaAR wyol} e
(degradation)7} 33t 9l HApm| ol 4] fA x| o], FA3 e Helwhely =719 HA3rt de
g e 7=

& 2o 1 433

2. o]F =4

3. 2FEYelel=
4.

AAEu] 7
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