Trakya Univ Tip Fak Derg 2008;25(2):124-129

Original Article / Klinik Calisma - Arastirma

Glutaraldehyde Fixation of Autologous Pericardial Patches'
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Obijectives: The aim of our study is to measure ultimate
tensile strength and elongation of pericardial patches
prepared by a fixation method that can be applied just
in the operating room before its implantation.

Patients and Methods: Pericardial patches taken
from 60 patients of 50-70 years of age who under-
went surgery for coronary artery bypass were studied.
Pericardial patches cut in horizontal and vertical direc-
tions were treated with 0.5%, 1%, 2% concentrations
of glutaraldehyde, each for 5, 10, 20-minute durations.
Uniaxial tensile test was applied on pericardial sam-
ples. Thickness, tensile strength at yield, elongation
at yield, tensile strength at break, elongation at break
were compared between different fixation groups.

Results: Ultimate tensile strength at yield and at
break, elongation at yield and at break were found
to be highest in pericardial patches treated with
2% glutaraldehyde concentration for five-minute
duration.

Conclusion: Fixation of pericardial samples by 2%
glutaraldehyde concentration for five-minute duration
resulted in higher tensile strength and elongation with
uniaxial stretching. Further similar studies with biaxial
stretching is suggested before application in clinical
practice.

Key Words: Glutaraldehyde; fixation; pericardial patch; tensile
test.

Amac: Calismamizin amaci implantasyondan hemen
6nce ameliyathanede uygulanabilen bir fiksasyon
metodu ile perikardial yamalarin gerilme kuvveti ve
elastikiyetlerini 6lgcmektir.

Hastalar ve Yéntemler: Koroner bypass ameliyati
geciren 50-70 yaglar arasindaki 60 hastadan alinan
perikard yamalari ¢alisiimistir. Yatay ve dikey yonde
kesilen perikard yamalari %0.5, %1, %2 konsant-
rasyonlarindaki gluteraldehid soltisyonu ile 5, 10 20
dakika stireyle muamele edilmistir. Perikardial kesit-
ler uniaksial germe testine tabi tutulmustur. Kahnlik,
maksimum germe kuvveti, maksimum uzama, kopma
kuvveti, kopma uzamasi farkli fiksasyon gruplari
arasinda kargilastiriimistir.

Bulgular: Maksimum germe kuvveti, maksimum kopma
kuvveti, maksimum uzama ve kopma uzamasi %2
konsantrasyonundaki gluteraldehid sollisyonu ile bes
dakika muamele edilen perikard yamalarinda en ytiksek
bulunmustur.

Sonug: Yizde ikilik gluteraldehid sollisyonunda bes
dakika sureyle muamele edilen perikardial kesitlerde
uniaksial germe testi ile daha yliksek germe kuvveti ve
uzamasi elde edilmistir. Klinik uygulamaya konmadan
6nce benzer galismalarin biaksial germe testi ile yapil-
masi 6nerilmektedir.

Anahtar Sozclikler: Glutaraldehid; fiksasyon; perikardial yama;
germe testi.
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Glutaraldehyde Fixation of Autologous Pericardial Patches

A variety of biologic and synthetic materials are
needed for the corrective and reconstructive pro-
cedures in cardiac surgery."?l With new devel-
opments, the use of patches has been increasing
day by day. In comparison to synthetic materi-
als, pericardial patches are cheap, biocompatible,
nonporous, easy to use, resistant to infection and
easily available. Reconstructive procedures that
require use of patches are enlargement of right
ventricular outflow tract in Fallot’s Tetralogy
or isolated pulmonary stenosis, left ventricular
outflow tract enlargement, atrial septal defect
closure, reconstruction of valvular annulus and
aortic root abscess in infective endocarditis,
left ventricular aneurysm reconstruction, atrial
switch operations in transposition and so on.?**!

Pericardial patches could be used in these
operations fresh or fixed with glutaraldehyde.
Fibrous retraction develops when pericardial
patch is used fresh, whereas fixed pericardium
is protected from retraction. Also the surgical
manipulation of the tissue is easier when it is
fixed with glutaraldehyde. There is another dis-
advantage of using fresh pericardium which is
the possibility of aneurysm development with
the growth of the patient.”! In this study, we
tried to find a fixation method for the pericardial
patch in terms of glutaraldehyde concentration
and fixation duration to add more strength and
elasticity to the patch.

PATIENTS AND METHODS

We studied pericardial patches taken from 60
patients (42 males, 18 females; mean age 60.6+6.1
years; range 50 to 70 years) who underwent
surgery for coronary artery bypass between
December 2002 and April 2003, in SB Training
Hospital, Ankara. In each case, the pericardium
was routinely partially excised and left unclosed
after surgery. The collection and use of peri-
cardium in this study was approved by Ethical
Committee of SB Training Hospital, Ankara
(Date: 8.8.2002, No: 168), and was covered under
the surgical consent form assigned by each
patient upon admission. This study conforms
with the Declaration of Helsinki.

Human pericardium often had loosely
adherent fat; it was removed prior to cutting.
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Pericardial samples were taken at the size of
approximately 5 cmx5 cm at most and the right
upper sites were marked with a clip. Each
sample was immediately immersed in glutar-
aldehyde solution at room temperature. The
amount of solution used in each fixation was
approximately 100 ml for a pericardial sample
size of at most 5x5 cm. The concentrations of
glutaraldehyde solutions we used were 0.5%,
1% and 2% that were buffered with disodium
hydrogen phosphate dihydrate and potassium
dihydrogen phosphate. Samples were treated
with each glutaraldehyde concentration (0.5%,
1%, 2%) for three distinct elapsed fixation dura-
tions (at 5, 10, 20 minutes after the initiation of
tissue fixation respectively). So we had three dif-
ferent glutaraldehyde concentrations and three
different fixation times, a total of nine different
fixation methods. Since pericardium is an aniso-
tropic material, we applied these nine different
fixation methods to both horizontal and vertical
pericardium. Therefore, we had 18 different
fixation groups for comparison of pericardial
samples.

Pericardial samples taken from patients in the
operating room were transported to the Turkish
Standards Institute (TSI) in normal saline at
room temperature where we applied tensile
test. The time period between fixation and the
measurement was <6 hours. Vertical and hori-
zontal strips were cut in standard frames with
standard size shown in Figure 1. Before the
application of tensile test, the thickness of each
strip was measured using a Mitutoyo thickness
gauge (No: 7301) and taken as the sample thick-
ness. Mechanical testing was performed using a
Zwick Model -1445 tensile testing machine, by
attaching the samples with a piece of paper to
prevent slippage of the sample.

r=7.5 mm r=10 mm
10 mm
4 mm 8.5 mm
17 mm Q/
<8 mm —|
50 mm

Fig. 1-  Standart size and shape of the pericardial sample.
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Prior to testing, the strips were precondi-
tioned by cyclic loading at 5 mm/min extension
rate between zero load and a maximum load of
90 g until reproducible load/elongation curves
were attained. The load/elongation curves
were transformed to engineering stress versus
strain curves by normalizing with the initial,
unstrained dimensions of the specimens. The
strips were extended to fracture at a constant
extension rate of 5 mm/min.

In order to obtain more reliable results and
because of anisotropicity of pericardium, we car-
ried out 10 different tests for each fixation group.
These 10 tests were carried out on the samples
taken from three patients. As a control group we
took the fresh pericardium used vertically and
horizontally.

Tensile strength at yield: the maximum
strength of pericardial sample.

Tensile strength at break: the strength of peri-
cardial sample at break.

Elongation at yield: elongation of pericardial
sample at maximum strength.

Elongation at break: elongation of pericardial
sample at break.

These measurements were obtained auto-
matically by the tensile testing machine which
draws graphics of each sample showing maxi-
mum strength, strength at break, elongation at
maximum strength and elongation at break.

Table 1. Comparison of vertical and

Statistical analysis

Tensile testing was carried out on fresh peri-
cardial samples and the pericardial samples
treated with concentrations of 0.5%, 1%, and
2% buffered glutaraldehyde solutions for 5, 10,
20 minutes of duration (For example, Group
0.5%-5": group of pericardial samples treated
with a glutaraldehyde concentration of 0.5% for
5-minute duration and others so on...). Tensile
testing was carried out on vertical and horizon-
tal strips separately. Groups were compared for
thickness, strength and elongation (elasticity).
T-test for independent samples is used in com-
parison for thicknesses, tensile strengths at yield,
elongations at yield, tensile strengths at break,
elongations at break of horizontal and vertical
pericardial samples. The variances of all vari-
ables were homogeneous according to Levene's
test (p>0.05). The data were scattered normally.

Also one-way ANOVA test was used for
comparison between durations in vertical and
horizontal groups. The differences in terms of
durations between all groups were found to
be important for both horizontal and vertical
groups. So, differences in terms of durations
were compared two by two with the use of
“Tukey HSD”, a form of post-Hoc tests.

RESULTS

Comparison of vertical and horizontal groups
(according to T-test for independent samples) is
presented in Table 1.

horizontal groups

Thickness Fax Foreak Eoax Epreak
Fresh (%) S (v >h) ns S (v>h) ns S (v <h)
0.5-5 ns ns S (v >h) ns ns
0.5-10 S (v >h) ns ns S (v <h) S (v <h)
0.5-20 ns ns ns S (v <h) S (v <h)
1-5' ns S (v<h) S (v <h) S (v <h) S (v <h)
1-10’ S (v >h) ns ns S (v <h) ns
1-20 ns ns ns ns ns
2-5 S (v <h) ns ns ns S (v <h)
2-10 S (v <h) ns ns S (v >h) S (v >h)
2-20 ns S (v <h) S (v <h) ns S (v >h)

S: Significant; ns: Nonsignificant; v: Vertical; h: Horizontal.
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Fig. 2- Thickness of pericardial samples (mm).

The differences in terms of durations between
all groups were found to be important for both
horizontal and vertical groups (according to one
way ANOVA test). So, differences in terms of
durations were compared two by two with the
use of “Tukey's HSD”, a form of post-Hoc tests.

Thickness of vertical and horizontal samples
were shown in Figure 2.

Maximum tensile strength (F,.) (Newton/
mm?=N/mm?), and tensile strength at break
(Fprear), (N/mm?) were shown for vertical sam-
ples in Figure 3, and for horizontal samples in
Figure 4.

Elongation at maximum tensile strength
(Ema) (mm) and elongation at Fy o (Eprear) (Mm)
were shown for vertical samples in Figure 5, and
for horizontal samples in Figure 6.
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Fig. 4- Maximum tensile strength (Fmax) and tensile strength

at break (Fbreak) of horizontal cut pericardial samples
(N/mm?).
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Fig. 3- Maximum tensile strength (Fmax) and tensile
strength at break (Fbreak) of vertical cut pericardial
samples (N/mm?)

DISCUSSION

Pericardial patches have an extensive use in car-
diac surgery. The most important problem related
with their use is to increase their strength and
elasticity, both in short- and long-term duration.
The patches implanted in the heart should stand
against the forces caused by the pressures in cardi-
ac chambers generated during the contraction and
relaxation of myocardium. The implanted pericar-
dial patch, when faced with a force should extend
for an enough level, that it should not disturb the
regularity of the contraction of heart and that the
heart should not do an extra work to extend the
patch either. When the force is removed, pericar-
dial patch should be so elastic that it should return
back to its original position rather than forming
an aneurysmatic structure instead. In a normal
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Fig. 5- Elongation at maximum tensile strength (Emax) and
Elongation at break (Ebreak) of vertical cut pericardial
samples (mm).
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Fig. 6- Elongation at maximum tensile strength (Emax) and

Elongation at break (Ebreak) of horizontal cut pericar-
dial samples (mm).

healthy individual, this contraction and relaxation
occurs again and again in every cardiac cycle.
Depending on the rate of heart and developing
pressures in cardiac chambers, the forces that
pericardial patches face would change. Therefore,
obtaining a pericardial patch with more elasticity
and strength becomes very important.

Glutaraldehyde fixation (crosslinking) of
connective tissue decreases biodegradation, pro-
tects the anatomical structure, provides strength
and endurance to collagen fibers and also makes
the tissue biocompatible and nonthrombogenic.
Tissues fixed with glutaraldehyde retain most
of the viscoelastic characteristics of collagen
fibrillary network and this property makes them
appropriate to be used as a bioprosthesis.!®!

Unfortunately, until recently, little attention
was paid to mechanical properties of chemically
modified pericardium and its suitability for
cardiac surgery. It is well known that mechani-
cal properties may prove a valuable means for
quantitating the structural changes in tissue.
It is difficult, however to determine which is
more appropriate for estimating the mechanical
properties for example elastic modulus, ultimate
strength, maximum force, viscoelasticity, fatigue
property, creep relaxation and so on."”)

In this study, we used glutaraldehyde con-
centrations of 0.5%, 1%, 2%, approximately
similar to previous studies. Since autologous
pericardium would be prepared in the operating
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room until preparations for cardiopulmonary
bypass (CPB) were started, maximum possible
durations of 20, 10 and 5 minutes were chosen
for fixation of pericardial samples.

In the evaluation of samples in terms of thick-
ness, maximum tensile strength, tensile strength
at break (Fy,..i), elongation at maximum tensile
strength and elongation at Fy.,, we saw that
there was no remarkable difference between
vertical and horizontal groups, except in group
1%-5" in which all parameters were better in
horizontal samples.

Elongation at maximum tensile strength and
elongation at F,., and tensile strength at break
were found to be higher in only one group that
is the group 2%-5" in both vertical and horizon-
tal groups. Maximum tensile strength in vertical
samples was again higher in the group 2%-5’,
but the difference was not statistically signifi-
cant.

Elongation at maximum strength and elon-
gation at F,.,, would be higher only in group
2%-5" for horizontal samples.

In this study, we had a large patient group
between ages of 50-70 years and that we had
10 measures for each fixation group with cor-
related results. In other studies, pericardium of
adults and children was said to behave differ-
ently as a pericardial patch.*% Hjelms, Gavin
and their group reported on an experiment with
autologous pericardium in the right ventricular
outflow tract of adult dogs and puppies. These
investigators made the right ventricle hyperten-
sive in some animals by banding the pulmonary
artery. Examination of the patches 7 to 14 months
later revealed no necrosis or aneurysm in any of
the adult dogs. Among the puppies, aneurysm
developed in one of six normotensive and two
of six hypertensive animals.” Also, Holt (1970)
points out that the waviness of pericardial colla-
gen is absent at birth, increases to a maximum in
the young adult, and disappears again in old age.
The increase in waviness at adolescence corre-
lates with the appearance of elastin in the sac; the
amount reaches a maximum in the young adult
and remains constant until death. They found no
systematic differences in responses when the 26-
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and 34-year-old individuals were compared with
the 67- and 73-year-old individuals.['

The use of 2% glutaraldehyde concentra-
tion for five-minute fixation duration resulted
in higher tensile strength at yield and at break
and higher elongation at yield and at break. In
this study, we chose uniaxial stretching. In fact,
uniaxial stretching is not an appropriate method
to determine the stiffness of an anisotropic mate-
rial. This point has been made by Yin " Abe
et al.l'”” and Moriarity,"® who explain that two
materials with significantly different behavior
under biaxial loading can have identical uniaxial
stress-strain relations. Since biological tissue is
generally considered incompressible, biaxial
tissue testing is preferable for describing three-
dimensional constitutive relations (stiffness).["!
However, we chose uniaxial over biaxial tissue
testing, because the technique for determin-
ing gauge length and measuring the very high
extensibility region of the stress/strain curve
cannot be readily applied to the biaxial testing
machine. Also, we could not find an appropriate
biaxial testing machine. This is one of the draw-
backs of our study. We recommend further simi-
lar studies to be done under biaxial stretching.
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