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A B S T R AC T

B a c k g ro u n d : The use of glutaraldehyde pre s e rv e d
bovine pericardium in valvular prostheses is well known.
Although widely used clinically as patch material, bovine
p e r i c a rdium has not been extensively studied in this set-
ting.

M e t h o d s : With this objective, 21 dogs received a stan-
d a rd bovine pericardial patch to partially replace the aor-
tic, left atrial, or pericardial walls. The dogs were randomly
divided into three groups according to implant duration.
G roup 1 consisted of 6 dogs evaluated surgically after 33 to
43 postoperative days, Group 2 with 7 dogs re o p e r a t e d
after 120 to 165 days, and Group 3 with 8 dogs re o p e r a t e d
after 225 to 305 days.

Re s u l t s : M i c roscopic and macroscopic evaluation
demonstrated: 1) the wrinkled surface of the bovine
p e r i c a rdium adhered to neighboring stru c t u res where a s
the smooth surface did not adhere to the epicardium; 2)
the bovine pericardial patch did not show stru c t u r a l
changes in any of the implant sites; 3) the final left atri-
al patch was significantly smaller than the aortic and
p e r i c a rdial patches for Group 2 and Group 3 dogs; 4)
the atrial patch area decreased significantly, whereas the
a o rtic and pericardial areas did not change over time; 5)
the pericardial implant was significantly thinner than
the aortic and left atrial patches for Group 3 dogs; 6) a
layer of fibrous connective tissue was formed on the
smooth surface of the left atrial and aortic patches. The
i n t e rnal apposition fibrasis was significantly thicker in
the left atrium than in the aorta in Groups 1 and 2; 7)
the internal fibrasis layer of the atrial and aortic patches
was calcified in Groups 2 and 3; and 8) the intern a l

apposition tissue of the atrial and aortic patches showed
n e o f o rm ation of elastic fibers which clearly incre a s e d
with implant duration.

C o n c l u s i o n s : The fate of implanted glutaraldehyde-pre-
s e rved bovine pericardial patches in cardiovascular applica-
tions depends on three factors: 1) the contact surface, 2) the
tension it is subjected to, and 3) contact with blood flo w.

I N T RO D U C T I O N

Glutaraldehyde preserved bovine pericardium is one of
the most useful biological patches in card i o v a s c u l a r
surgery. It has been used for the correction of many car-
diac abnormalities such as the replacement of atrial, ven-
t r i c u l a r, arterial and venous stru c t u res and in the re p a i r
the pericardial sac [Cliff 1973, Gervin 1975, Ionescu 1977,
Braile 1981, Gallo 1982, Braile 1983, Revuelta 1983,
Lukács 1984, Ya k i revichs 1984, Abdulai 1985, Crawford
1986, Mills 1986, Arnoni 1987, Cochran 1987, Moraes
1987, Bongiovani 1988, Casagrande 1988, Évora 1988,
Moraes 1988, Souza 1988, Barbero - M a rcial 1989, Dallan
1989, Eng 1989, Gabbay 1989, Loures 1989, Moraes 1989,
Palma 1989, Pieracciani 1989, Wanderley 1989, Braile
1990, Ribeiro 1990, Braile 1991, Salles 1991, Leão 1992].
Although widely used, there are few re p o rts of clinical
f a i l u res resulting from its use. Malfunctions have been
reported when used in the atrium, in Mustard operations
[Couchran 1987], the Senning operation [Bullaboy 1989],
and as a pericardial substitute [Skinner 1984, Gallo 1985,
B o rtolotti 1986, Gabbay 1990]. This result is opposed to
the results obtained when used as valvular pro s t h e s i s ,
especially calcification. This diff e rence and the experi-
mental studies by Gabbay et al. [Gabbay 1990] and Bor-
tolotti et al. [Bortolotti 1986] have lead us to furt h e r
investigate the cardiovascular applications of this materi-
al. Therefore, the objective of our study was to experimen-
tally investigate the biologic fate of glutaraldehyde-pre-
served bovine pericardial patches implanted into the left
atrium, aorta, and pericardial sac.
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M A T ER IALS  AND  ME T HODS

Twenty-one adult dogs with undefined breeds and
weight ranging from 11 kg to 35 kg were utilized for this
s t u d y. Standard, commercially available glutaraldehyde-
p re s e rved bovine pericardial patches were cut according to
a specific shape and were implanted in these experimental
animals. Identical-sized elliptical patches were constru c t e d
with a long axis dimension of 1.5 cm and a short axis
dimension of 1.0 cm. These elliptical patches were
implanted to partially substitute for surgically cre a t e d
defects in the left atrial wall, thoracic aorta, and native
p e r i c a rdial membrane.

All surgeries were carried out through a small left tho-
racotomy with the animals under general anesthesia
with orotracheal intubation and controlled mechanical
ventilation. The recipients’ native pericardium was
opened parallel to the phrenic nerve and the left atrial
wall was tangentially clamped with a Derra vascular
clamp. A 1.5-cm long atriotomy was perf o rmed. The
opening was then closed using the patch material
s u t u red to the edges of the defect with continuous poly-
p ropylene 5-0 stitches. The smooth surface of the peri-
c a rdial patch was always aligned facing the interior of
the left atrium. The same pro c e d u re was used in the
descending aorta. Then the majority of the animals’
native pericardial sac was closed with separate cotton 2-0
stitches. An opening of 1.5 cm was left in the pericar-
diotomy near the diaphragm which was closed with the
bovine patch using continuous polypropylene 5-0 stitch-
es keeping the smooth surface facing the interior of the
p e r i c a rdium (Figure 1 ) .

All dogs were transferred to a kennel where they
received humane postoperative care and feeding. They
w e re reoperated at diff e rent time intervals. After re c o rd i n g
a detailed description of the visual findings at re o p e r a t i o n ,
the animals were sacrificed using an intravenous injection
of potassium at 19.1%. Pieces of their respective patches
w e re removed and stored in formaldehyde solution.

In the macroscopic study, adherence of the patch to the
s u rrounding stru c t u res was subjectively evaluated. Depend-
ing on the difficulty of obtaining a cleavage plane between
the stru c t u res, we re c o rded a 0, +, ++, and +++ for no
a d h e rence, minimal, moderate or intensive adhere n c e ,
re s p e c t i v e l y. In addition to adherence, the size of each
patch was taken into consideration. For this evaluation, the
patch area was maintained with a photocopy of each piece.
The patch borders, seen from the interior of the left atrium,
the aorta and pericardium were established. They were
t r a n s f e rred to an overhead projector image and the are a s
w e re calculated by computerized tomography (Figure 2 ) .

For the microscopic study, pieces of retrieved patch
material were blocked in paraffin, subjected to 16 interc a-
lated cuts of 5 to 8 microns, and then stained with Hema-
toxylin-eosin, Masson trichome or by Ve rh o e ff’s method.

To evaluate patch perf o rmance, the dogs were divided
into 3 groups according to implant duration as follows:
G roup 1 included 6 dogs reoperated and sacrificed

Figure 1. Illustration showing the operation with the atrial,
aortic, and pericardial patches.

Figure 2. A) Overhead projector image marking patch borders; B)
To m o g r ap hy image showing the measurement of the aortic patch
area.
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between postoperative days 33 and 43. Group 2 included 7
dogs reoperated and sacrificed between 120 and 165 post-
operative days. Group 3 included 8 dogs re o p e r a t e d
between postoperative days 225 and 305.

Analyses for nonparametric tests were used, taking into
consideration the parameters or the variability of the
measurements carried out. The following tests were used:

1) Friedman’s variance analysis, to compare the
parameter values in the left atrium and pericard i u m .
G roups 1, 2 and 3 were separately analyzed. When a
significant diff e rence was observed, the multiple com-
parison test was done.

2) Kru s k a l - Wallis variance analysis was used to compare
the three groups according to the parameters established.
The left atrium, aorta and pericardium were separately
analyzed. When a significant diff e rence was observed, the
multiple comparison test was done.

3) Wi l c o x o n ’s test for two non-independent samples
was used when the thickness of the internal fib rotic layer
of the left atrium and the aorta were compare d .

For all tests, the rejection level for the null hypothesis
was 0.05 (alpha ≤ 0.05), and significant values were
marked with an asterisk.

R E S U LT S

Early Results
All dogs tolerated the surgery. There were no intraoper-

ative deaths. The presence of atrial fibrillation was a com-
mon occurrence during atrial manipulation which usually

returned to normal sinus rhythm spontaneously after left
atrial declamping.

The bovine pericardium proved to handle easily and
p e rmitted polypropylene sutures to be passed without
resistance. In addition to the identification of the incision
b o rders its malleability allowed good coaptation to the
s t ru c t u res to which it was sutured, giving an excellent
hemostatic result. Blood loss was minimized by the imper-
meability of the material.

One dog (4.7%) was reoperated due to total dehiscence
of the operative wound. Three (14.2%) developed opera-
tive wound infection.

Reoperation and sacrific e
M a c r oscopic appearance: A d h e rence to the wrinkled

s u rface of the patch was observed in all cases in each
g roup. The patches implanted in the aorta and pericard i-
um adhered to the lung, whereas the atrial patches
a d h e red to the parietal pericardium. A diff e rent result was
o b s e rved on the smooth surface of the bovine pericard i a l
patch implanted in the native pericardium. It was free of
a d h e rence in most cases (Figure 3 and Table 1 ) .

The pericardial and aortic patches had clear bord e r s ,
with relatively pre s e rved thickness, whereas the atrial patch
was thickened with unclear borders and had a rough aspect
( F i g u re 4 ). The measured surface areas of the atrial patch-
es were smaller than for the aortic and pericardial patches
in all groups. However, this diff e rence was not statistically
s i g n i ficant for atrial and pericardial patches in Group 1 ani-
mals (Table 2 ). Kru s k a l - Wallis analysis showed the atrial
patches decreased in size over time whereas the aortic and

Ta b l e 1 . I d e n t i fication and quantification of adhesions in smooth and wrinkled surfaces of atrial, a o rtic and pericardial patches.

Wrinkled Smooth
Adherence Adherence

DOG GENDER WEIGHT POD1 Ao2 LA Pe4 Pe4

1 F5 25.4 160 + ++ + 0
2 F 23.0 153 + ++ + 0
3 M6 17.5 040 + ++ + 0
4 M 35.0 175 +++ ++ + ++
5 M 13.8 305 + +++ + 0
6 M 14.3 298 ++ ++ +++ 0
7 M 13.5 121 + + ++ +
8 M 10.3 298 ++ ++ + 0
9 M 16.7 289 ++ ++ ++ 0
10 M 20.0 136 + ++ +++ 0
11 M 17.2 225 + ++ ++ 0
12 M 11.4 120 + ++ + 0
13 M 17.0 284 + ++ + 0
14 F 13.9 282 +++ +++ ++ 0
15 M 21.7 302 + ++ +++ 0
16 M 22.0 147 ++ +++ +++ 0
17 F 14.3 043 +++ + +++ +++
18 M 12.5 041 + + ++ +
19 M 11.7 033 + ++ + 0
20 M 21.0 033 + + + +
21 F 18.6 033 ++ ++ + 0

1Postoperative Day; 2 Aorta; 3 Left Atrium; 4 Pericardium; 5 Female; 6 Male.
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p e r i c a rdial patches were unchanged over time. Two dogs
(numbers 7 and 10) showed large thrombi adherent to the
atrial patch surf a c e s .

M i c r oscopic appearance: Histologic testing did not
show alterations in the stru c t u re of the bovine pericard i a l
patch in any of the 63 pieces studies. The explanted patch-
es were made up of dense fib roelastic collagen connective
tissue with parallel and compact fibers. No degenerative,
i n f l a m m a t o ry or metaplastic reactions were observed in
the patches themselves. The patch was straight or mildly
bent when implanted in the pericardium or aorta, where a s
it was undulated or folded in the left atrium (Figure 4 ) .

The patch was connected to the surrounding stru c t u re s
by a thin covering of collagen connective tissue which also
involved the sutures. The patch, the aorta, and pericard i-
um were coapted by apposition or mild superposition of
the borders (Figure 5 ) .

In patches implanted in the native pericardium, the
regeneration of mesothelial cells in the coaptation zone
and the presence of pulmonary tissue or adipose tissue
a d h e red to the wrinkled face were observed in addition to
the integration tissue.

Figure 4. A) Atrium. Structural continuity between the patch (cen-
ter) and the atrial wall; m a g n i fied 2x Masson trichome; B) A o rt a .
Structural continuity between the patch (center) and the aort a ;
magnified 2x Verhoef;C) Pericardium. Bovine pericardial patch with
free smooth surface; magnified 2x Masson trichome.

Fi g u re 3. A) Atrial patch; B) A o rt i c, p e r i c a rd i a l , and atrial patches.
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The bovine pericardial patches implanted in the left
atrium and in the aorta showed a diff e rent result than the
patch implanted in the native pericardium. The smooth
s u rface in contact with the circ u l a t o ry flow showed a
deposition of fib rous connective tissue. This tissue, called
i n t e rnal apposition fib rosis (Figure 6 ) showed a diff e re n t
result between the left atrium and the aorta. It was thicker
in the left atrium than in the aorta. This diff e rence in
thickness was statistically significant for Groups 1 and 2
( Table 3 ). Calcification was observed in the intern a l
apposition fib rosis and was worse in the left atrium. Neo-
f o rmation of elastic tissue was observed in the aorta and
was not observed in the left atrium. Both the calcific a t i o n
and the elastic neoformation showed a clear re l a t i o n s h i p
with implantation duration (Figure 7 and Table 4 ) .

D I S C U S S I O N

Bovine pericardium was introduced into card i o v a s c u l a r
s u rg e ry by Ionescu et al. in 1972 and introduced into
Brazilian surgical practice by Braile et al. in 1983 [Ionescu
1972, Braile 1983]. Although its perf o rmance in the setting
of fabricated bioprosthetic valves is well known [Ionescu
1977], it has not been extensively studied as a vascular

patch. The widespread use of pericardial patches is con-
trasted by the small number of experimental studies veri-
fying its effectiveness. There f o re, we postulated that the
study of this biologic material subjected to diff e re n t
implant conditions (in the atrium, aorta, and pericard i u m )
would be useful.

The operative results, with no deaths, is partially due to
the characteristics of the patch which is easy to handle
and malleable providing satisfactory surgical hemostasis
and healing. There was no late mortality or clinical com-
plications related to the patch, corroborating the use of
the patch in cardiac re p a i r s .

In our study, a clear diff e rence was observed between
the smooth and wrinkled surfaces of the patches. All speci-
mens showed the wrinkled surface of the patches would
a d h e re to surrounding stru c t u res, whereas the smooth sur-
face implanted in the native pericardium was free of adhe-
sions in most of the cases. The consistent results allowed
the conclusion it may be useful clinically as a pericard i a l
substitute. These results were compatible with those
obtained by Gallo et al. in 1978, Meus et al. in 1983 and
B o rtolotti et al. in 1986 [Gallo, 1978, Meus 1983, Bort o l o t-
ti 1986]. Our excellent experimental results contrast with
other publications re p o rting intensive epicardial re a c t i o n ,
fib rosis, and adhesion formation when bovine pericard i a l

Ta b l e 2 . G roups 1, 2 and 3 dogs, a c c o rding to area values, in mm2, of the aort i c, atrial and pericardial patches.

Group 1 Group 2 Group 3 
Ao7 LA Pe9 Ao7 LA Pe9 Ao7 LA Pe9

63 12 48 47 21 76 53 03 40  
49 21 49 62 23 51 62 10 48
43 25 71 70 50 50 55 14 56
64 46 57 45 16 64 71 29 43
64 36 59 58 24 64 44 20 42
63 37 62 60 30 83 42 08 80

54 29 66 58 20 60
75 05 52

M=57.7 29.5 57.7 56.6 27.6 64.9 57.5 13.6 52.6

FRIEDMAN’ s Variance Analysis
(Aorta x Atrium x Pericardium)

critical x 2r = 5.99

Group 1 Group 2 Group 3
cal x 2r = 10.17 multiple Cal x 2r = 9.85 multiple cal x 2r = 12.58 multiple

comparison test comparison test comparison test
Ao > atrium Ao and pericardium > atrium Ao and pericardium > atrium  

KRUSKAL–WALLIS’ s Variance analysis
(GROUP 1 x GROUP 2 x GROUP 3)

critical H = 5.99

Aorta Atrium Pericardium
critical H = 0.39 critical H = 8.22 multiple critical H = 4.62

Multiple comparison Test
Group 1 = Group 2 = Group 3

M=Mean; 7Aorta; 8Left atrium; 9Pericardium.
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patches were used as pericardial substitutes [Skinner 1984,
Gallo 1985, Oppie 1986, Eng 1989].

These same discrepancies led Gabbay et al. to study the
genesis of pericardial adhesions [Gabbay 1989]. They
o b s e rved important adhesion formation when the animal
was subjected to extracorporeal circulation. Based on stud-
ies by Gervin et al. in 1973 re p o rting decreased pericard i a l
fibrinolytic activity when undergoing trauma, they sug-
gested the same mechanism is responsible for the adher-
ence genesis, that is a decrease in pericardial fib r i n o l y t i c
activity resulting from extracorporeal circulation [Gerv i n
1973]. This change in the fibrinolytic activity was clinical-
ly observed by Nkere et al. in 1973 [Nkere 1973]. They
o b s e rved decreases in tissue plasminogen activator con-
comitant to pericardial mesothelial infla m m a t o ry changes.
A c c o rding to Cliff et al. and Robison et al., two import a n t
factors should be considered in the genesis of pericard i a l
adhesions: 1) decreased pericardial fibrinolytic activity,
and 2) the presence of blood in the pericardium [Cliff
1973, Robinson 1983]. In our study, the pericardium was
extensively opened, re p a i red and often blood was

extravasated from the suture of the atrial patch and yet
few adhesions were observ e d .

It should be stressed that adherences were found
between the wrinkled surface of the patch implanted into
the left atrium and the dog’s pericardium, suggesting a
different response of the two patch surfaces and indicat-
ing the presence of another patch-related factor, in addi-
tion to those shown in pericardial adhesion form a t i o n .
The favorable results in our experiments, particularly min-
imal shrinkage, fibrosis, and calcification, suggest bovine
pericardium may be clinically useful as a pericardial sub-
stitute. On the other hand, the role of extracorporeal cir-
culation in the genesis of pericardial adhesions needs to
be established.

F i g u re 5. A t r i u m . A) Coaptation of the borders by invagination of
the pericardial patch. Integration tissue re p resented by collagen
connective tissue, suture thread surrounded by a uniform circle of
collagen connective tissue; magnified 40X, Ve r h o e f f ; B) The patch,
below and right is coapted to the atrium with border invagination.
The integration tissue is represented by a thin collagen connective
tissue. Internal apposition fibrosis connected to the atrial wall;mag-
nified 40X. Hematoxylin-eosin.

F i g u re 6. Pe r i c a rd i u m . A) Bovine pericardial patch with pre s e rve d
structure and free smooth surface. Elastic fibers may be observed in
b l a c k , a d h e red adipose tissue on the wrinkled surface; m a g n i f i e d
3 5 X . Ve r h o e f f ; B) Smooth surface of the bovine pericardial patch
c ove red by internal apposition tissue. S t r u c t u re of the normal
patch, and above the newly formed elastic tissue; magnified 100X.
Verhoeff.
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The patches also showed significant macroscopic diff e r-
ences. In the aorta and pericardium the borders were clear
and their original form was unaltered. However, in the left
atrium the patch was thicker and the borders were not
well established. The atrial patch area was smaller than the
p e r i c a rdial and aortic surface areas, although there was no
statistical significance between atrial and pericardial patch-
es for Group 1 dogs. In addition to the size diff e re n c e ,
K u r s k a l - Wallis analysis showed the atrial patch size
d e c reased over time (Table 2 ) .

The factors that could influence this difference are: 1)
the different pressures subjected to the patch, and 2) the
coaptation of the patch to the stru c t u res. The patch
implanted in the left atrium was subjected to low tension
and, as a result, it was undulated or folded (Figure 7 )
whereas the patches implanted into the aorta or pericardi-
um, due to higher pressure, were straight or curved. The
patch area was a result of the different patch formats.

There were no microscopic changes in the patch struc-
ture at any of the implant positions. The changes reported
by Ferans et al. in 1980, Levy et al. in 1983, and Shoen et
al. in 1985 for porcine bioprosthesis and those re p o rt e d
by Rossi et al. in 1986, Ferrans et al. in 1987, and Dahm et
al. in 1990 for bovine pericardium were not observed in

our canine study [Ferrans 1980, Levy 1983, Shoen 1985,
Rossi 1986, Ferrans 1987, Dahm 1990]. These authors
re p o rted collagen fiber degeneration resulting fro m

Ta b l e 3 . G roup 1, 2 and 3 dogs according to thickness, in mm2, of aort i c, atrial and pericardial patches.

Group  1 Group 2 Group 3
A o7 A e1 1 Pe12 Ao Ae Pe Ao Ae Pe

1.0 1.3 0.6 1.0 1.5 0.6 1.0 0.8 0.6
0.9 1.3 0.6 0.8 2.1 0.6 0.8 1.5 0.6
1.0 2.1 0.6 0.8 1.8 0.6 1.3 1.8 0.6
0.8 1.0 0.6 0.9 4.0 0.6 1.0 1.8 0.6
0.9 1.8 0.6 1.0 1.5 0.6 1.0 1.5 0.6
0.9 1.5 0.6 1.5 1.3 0.6 1.0 1.0 0.6

0.8 2.1 0.6 1.2 3.2 0.6
1.4 1.3 0.6

M=0.92 1.5 0.6 0.97 2.04 0.6 1.09 1.61 0.6  

Variance Analysis by FRIEDMAN
(Aorta x Atrium x Pericardium)

critical x 2r = 5.99  

Group 1 Group 2 Group 3
cal x 2r = 12 multiple cal x 2r = 12.29 multiple cal x 2r = 12.97 multiple

comparison test comparison test comparison test
Atrium > pericardium Atrium > pericardium Atrium and Ao > pericardium

Variance analysis by KRUSKAL –WALLIS
(GROUP 1 x GROUP 2 x GROUP 3)

critical H=5.99

Aorta Atrium Pericardium
critical H = 0.39 critical H = 8.22 multiple critical H = 4.62

Multiple comparison test  
Group 1 = Group 2 = Group 3

M=Mean; 10Aorta;11Left atrium; 12Pericardium.

Fi g u re 7. A o rt a . Minimal internal apposition fibrosis limited to
b o n e - c a rtilage metap l a s i a , to the right, and a continuous new ly
formed tissue cap s u l e, a b ove. The bovine pericardial patch, b e l ow,
shows a preserved structure; magnified 35x.Verhoeff.



67© 1999 Fo rum Multimedia Publishing, LLC

B ovine Pe r i c a rdium Used as a Card i ovascular Pa t c h — Pi res et al.

inflammatory infiltration with lymphatic-histiocytic inva-
sion and calcification. In our study, the pre s e rvation of
patch stru c t u re may be related to the fact that only the
smooth surface is in contact with blood flow. In contrast,
in valvular prostheses and subcutaneously implanted
patches, as was the case in the studies mentioned above,
both surfaces were in contact with blood flow. In this
patch surface there was internal apposition tissue deposi-
tion, which apparently isolated the patch from the action
of blood elements for a longer time. All of the patches
implanted in the left atrium and aorta showed this layer
by postoperative day 33.

It is relevant that Rossi et al. in a study of subcuta-
neously implanted pericardium in rats observed calcifica-
tion in the patch stru c t u re [Rossi 1986]. They re p o rt e d
patch calcification 24 hours after the implant which
became pro g ressively greater over time. The presence of
internal apposition tissue was not reported. In this study
fibrous tissue was not observed in the patches implanted
in the native pericardium without direct contact with
blood flow. Thus, similar to the findings of Gabbay et al.
and Bortolotti et al., these data show that bovine peri-
c a rdium seems to be influenced by the implant site and
by direct blood contact [Gabbay 1984, Bortolotti 1986]. In
our study there was calcification in the internal apposi-
tion fibrosis layer. The patch induced a surface healing,
which does not change the patch structure itself. This scar
tissue and the patch make up the surgical patch. The lat-

ter may suffer from biological tissue degeneration, as it is
the case of the calcification observed in internal apposi-
tion tissue.

The pericardium became connected to the stru c t u re s
similar to the integration of the suture thread (polypro p y l-
ene), which is a synthetic material. This finding suggests
the conclusion that bovine pericardium treated and
implanted in these conditions acts as an inert material.
I n t e rnal apposition fib rosis was observed in all of the cases
of patches implanted in the left atrium and the aorta. This
f i b rosis was thicker in the atrium than in the ventricle.
T h e re was a statistically significant diff e rence for Groups 1
and 2, and the fib rosis did not increase over time.

F i b rous tissue with the same characteristics was re p o rt-
ed in both surfaces of valvular prostheses and with neoin-
tima of vascular conduits [Ishihara 1981, Ferrans 1987].
No fib rosis was observed in patches implanted in the peri-
c a rdium. This suggests that this tissue may be formed by
the fib rous organization of blood elements deposited on
the smooth surface of the patch. This layer is subject to
the same changes re p o rted by Arbustini et al. in 1983 who
o b s e rved cartilage metaplasia and ossification in the
fib rous tissue covering biologic tissue prosthesis [Arbustini
1983]. This metaplasia indicates the transformation of
fib roblasts into osteoblasts. This calcification, presented in
Table 4( ), shows a clear association with increasing dura-
tion of implant. It should be reminded there was no calci-
fication in the patch stru c t u re itself.

Table 4. Evaluation of aort i c, a rterial and pericardial patches: internal apposition fib ro s i s , b o n e - c a rtilage metaplasia and elastic
n e o formation for group 1, 2 and 3 dogs.

Fibrosis Metaplasia Elastic

G13 DOG POD14 Ao15 LA16 Pe17 Ao LA Pe Ao LA Pe

19 33 + ++ 0 0 0 0 + 0 0
20 33 + ++ 0 0 0 0 + 0 0

1 21 33 + +++ 0 0 0 0 + 0 0
03 40 + + 0 0 0 0 + 0 0
18 41 + ++ 0 0 0 0 + 0 0
17 43 + ++ 0 0 0 0 + 0 0
12 120 + ++ 0 0 + 0 ++ 0 0
07 121 + +++ 0 0 0 0 ++ 0 0
10 136 + ++ 0 0 0 0 ++ 0 0

2 16 147 + +++ + + +++ 0 ++ 0 0
02 153 + ++ 0 0 0 0 ++ 0 0
01 160 ++ ++ 0 + + 0 +++ 0 0
04 175 + +++ 0 0 + 0 +++ 0 0
11 225 + ++ 0 0 + 0 +++ 0 0
14 282 0 ++ 0 ++ + 0 +++ 0 0
13 284 ++ ++ 0 + + 0 +++ 0 0

3 09 289 + ++ 0 + + 0 +++ 0 0
06 298 + ++ 0 + + 0 +++ 0 0
08 298 + + 0 0 0 0 +++ 0 0
15 202 + +++ 0 ++ ++ 0 +++ 0 0
05 305 ++ ++ 0 ++ ++ 0 +++ 0 0

13Group; 14Postoperative Day; 15Aorta; 16Left Artrium; 17Pericardium
�
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Another marked change in the internal apposition tis-
sue was the finding of elastic neoformation around the
a o rtic patches. Just as with calcification, it showed a clear
association with time. It seems to indicate a morphologi-
cal-functional adaptation of the internal apposition fib ro-
sis related to the elastic pro p e rties of the aorta since it was
not observed in any of the atrial patches. This neoform a-
tion may be produced by the elasticity found in bovine
p e r i c a rdial patches.

The favorable results obtained in this study in terms of min-
imal structural change, shrinkage, fib rosis, and calcific a t i o n
suggests glutaraldehyde pre s e rved bovine pericardium may
be clinically useful as a substitute for aortic and pericard i a l
tissue. However, it is somewhat less satisfactory when used
to replace defects in the left atrium due to shrinkage and
occasional thrombus form a t i o n .
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