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Objective: Starting with the ‘Vinyon-N-revolution’ of the 50’s, there has been a constant interest in understanting tissue integration, or the
so-called graft healing process, as well as its relationship with infection. In this study we present an experimental animal model designed to
assess tissue integration of different graft materials, and their reaction to the presence of infection. Methods: Synthetic grafts (knitted Da-
cron®, woven Dacron®, silver-impregnated Dacron® and Gore-Tex®) were implanted subfascially in the interscapular region of Wistar rats.
Animals were divided into a control group and an infected group, with infection induced using bacterial suspensions of standard strains of
Staphylococcus aureus, Staphylococcus epidermidis, and Escherichia coli. Implants were retrieved at 2 and 4 weeks postoperatively in the
control group and at 1, 2 and 3 weeks postoperatively in theinfected group. Retrieved grafts were assessed bacteriologically and morpho-
pathologically. Results: All microorganisms produced clinically evident infections, with positive blood cultures in case of E. coli. Staphylococci
produced more massive infections on Dacron® grafts, except for the silver-impregnated version, while E. coli produced more significant
infections on Gore-Tex® grafts. Morpho-pathologically Dacron® grafts behaved poorly, with ocassional complete structural compromise,
and no difference between the conventional and the silver-impregnated type. The Gore-Tex® graft showed a consistent structural resistance
throughout the study period. Conclusions: Although the silver-impregnated graft inhibited bacterial growth, it was poorly tolerated by the host
tissue. In contrast, Gore-Tex® grafts showed more massive infection, especially with E. coli, but kept their structural integrity surprisingly well.
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Introduction
Since the emergence of the first textile grafts, scientists have
been trying to get a better understanding of the process of
“graft healing”[1]. Technological progress has lead to the
design of materials like polyethylene terephthalate (Da-
cron®, woven or knitted) [2] and expanded polytetrafluor-
oethylene (ePTFE or Gore-Tex®), which proved to be the
most favorable in terms of durability and thrombogenicity.
Both materials have been improved over time, especially in
terms of porosity and the addition of special coatings such
as anticoagulants, silver acetate or antibiotics (rifampicin).
First introduced in 1939, Dacron® is a polymer avail-
able in two forms, a knitted and a woven one. In its woven
form, Dacron® multi-filaments are arranged in an overlap-
ping pattern both lengthwise and circumferentially, ren-
dering the graft difficult to incorporate into the tissues.
In the knitted form of the material, fibers are arranged in
an intercalated, continuous pattern, and positioned in a
longitudinal but not a circumferential direction. The tech-
nique of external velouring was also developed in an effort
to enhance tissue incorporation of grafts [3]. The process
of crimping can increase graft flexibility, but reduces its
internal diameter [4] and creates inequalities of the lumen.
Knitted Dacron® grafts are characterized by high porosity,
which brings about the need for pre-clotting. Manufactur-
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ers use either gelatin, collagen or albumin to seal the pores,
possibly fixed by formaldehyde crosslinking (which allows
collagen to be absorbed by the body within 2 weeks), or
the more efficient glutaraldehyde crosslinking (applied
for albumin, which will be degraded in approximately 2
months). In the most recent versions, aldehyde- and isocy-
anate free impregnation uses dehydrothermal crosslinked
collagen (Bioseal”® technology).

Teflon was the name under which ePTFE was first in-
troduced in 1937. It is an extruded polymer, expanded by
heating and stretching, which has a non-textile character-
istic, with a “node-fibril”-type pattern. Porosity is defined
by the internodal distance, which in this case is of 30 pm.
Attempts were made to manipulate tissue integration of
ePTFE by increasing the internodal distance, and thus
stimulate transmural tissue growth. Other changes have
also been made in an effort to lower the material’s throm-
bogenicity by creating an electronegative luminal surface
(through carbon coating), or heparin impregnation [5].
Silver acetate impregnation [6] is employed for its antimi-
crobial effect, combined with collagen impregnation [7];
however the efficacy is lower compared to that of impreg-
nation with rifampicin. Some silver-impregnated prosthe-
ses have a special design that permits soaking in a solution
of rifampicin [8].

Polyurethane [9] is the third type of synthetic material
used for vascular grafts, however its use is controversial.
The elastic and compliance properties, as well as the inertia
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of the material are unique and superior compared to other
materials. Nonetheless, once implanted, its degradation
products have been shown to posses a potential carcino-
genic effect, which determined many producers to further
test the material. Meanwhile hybrid products [10] are also
emerging, together with innovative materials created by
genetic bioengineering [11]; clinical trials are underway to
demonstrate the possible benefits of these products.

One of the major complications of synthetic implants is
infection [12,13], with an incidence varying between 0.2
and 5%, depending on the type of implant, its location,
and other characteristics of the host [14]. The most com-
monly used clinical classification of graft infections (also
applicable for postoperative wound infections in general)
is the Szilagyi classification, in which grade 1 is defined by
cellulitis involving the postoperative wound, grade 2 re-
fers to an infectious process that includes the subcutaneous
tissue, and grade 3 implies the actual involvement of the
vascular prosthesis.

The specialty literature confirms that, from a bacte-
riological perspective, graft infections are predominantly
caused by Staphylococcus aureus [15], which generates be-
tween 25% and 50% of cases. Staphylococcus epidermidis
and Candida albicans are responsible for many cases that
present with negative cultures and usually have a charac-
teristic late clinical expression (over 4 months post-im-
plantation). There has also been and increase in cases of
severe infection caused by Escherichia coli, which rapidly
cause anastomotic dehiscences at the sites of graft implan-
tation. In addition, infections caused by methicillin-resist-
ant Staphylococcus aureus (MRSA) already represent 25%
of early graft infections (occurring in less than 4 months
post-implantation). The rapid and worrying increase in
the incidence of infections with resistant organisms like
MRSA justifies the prophylactic use [16] of grafts with a
better capacity of defense such as the antibiotic- or silver-
impregnated types [17] in selected cases.

An animal model of tissue incorporation and changes
thereof in the presence of infection is, in our opinion, use-
ful in terms of guiding the appropriate and differentiated
clinical use of a particular type of prosthesis, depending on
the special requirements of each particular case. The aim
of this study was the development of such a model using
the most common graft materials and the most frequently
encountered infectious organisms.

Methods

A number of 120 Wistar rats were used, 4-5 months of
age, each weighing approximately 500 grams. The animals
were purchased from the Cantacuzino Institute Experi-
mental Station, Bucharest, and divided into 2 groups: a
control group and an infected group. The rats were housed
in groups of 5 in special polycarbonate cages as per Eu-
ropean standards, and were kept in quarantine for one
month prior to surgery, for acclimatization; they were fed
with combined granulated chow and water ad libitum. The

study was approved by the Scientific Research Ethics Com-
mitee of the University of Medicine and Pharmacy Targu
Mures, decision number 73/ 20.07.2015.

Graft implantation and infection

The animals were anesthetized using a combination of
ketamine and xylazine (75 mg/ kg and 10 mg/ kg, respec-
tively) administered intraperitonealy. A 5 by 5 cm surgical
area was prepared in the interscapular region, and a 3 cm
long longitudinal interscapular incision was made in the
median line, after local infiltration of the incision line with
0.1 ml adrenaline and 0.2 ml of lidocaine, to reduce bleed-
ing.

Following the dissection of the subcutaneous tissue and
fascia, the acromiotrapezius and spinotrapezius muscles
were identified, and a 2 by 2 cm piece of each type of syn-
thetic prosthetic material was sutured subfascially on the
muscular plane, using two polypropylene monofilament
sutures. Four types of polyester prostheses were used: knit-
ted, woven, and silver-impregnated Dacron®, and ¢ePTFE
Gore-Tex” grafts; these were each implanted in 8 animals
from the control group and 20 animals from the infection
group. The fascial gap was closed with Bicril 3.0 separate
vertical mattress sutures.

For the group of infected animals the surgical interven-
tion was similar. The inocula were prepared from 1 McFar-
land stock dillutions of standard bacterial strains: methicil-
lin-susceptible Staphylococcus aureus (MSSA) — American
Type Culture Collection (ATCC) 29213 (subspecies aure-
us Rosenbach, strain designation: Wichita), MRSA ATCC
43300 (subspecies aureus Rosenbach, strain designation:
F-182), and E. coli ATCC 25922 (Migula 1895, Castellani
and Chalmers 1919, strain designation: FDA strain Seattle
1946). The 1 McFarland standard was chosen based on
the preliminary results obtained in a subgroup of 8 rats
in which a 0.5 McFarland inoculum proved to be insuf-
ficient to induce even an infection of grade 1 according to
Szilagyi’s classification — these animals were subsequently
excluded from the study. An inoculum of 0.3 ml was used
from each strain, which corresponds to approximately
0,9x108 colony-forming unit (CFU); these were intro-
duced with a 27 G needle between the sutures, before ty-
ing the last suture. Each bacterial strain was used in a total
of 48 animals, 6 subgroups of 8 animals each implanted
with the 4 types of grafts, with the exception of MSSA
infected rats, which were in total 32 animals, 4 subgroups
of 8 animals each implanted with the 4 types of grafts. The
explanation for this excedent is the changing of the design
of the sub-groups in the attempt of a better glimpse at each
infection’s pattern of evolution if followed closely, within 7
days distance in retrieval.

Follow-up and implant retrieval

Animals were observed clinically for 1 month postopera-
tively by assessing the local evolution of the surgical wound
and temperature measurements performed on postopera-
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tive days 2, 5 and 7. Blood samples were collected on days
2, 5, 7 and 14 for white blood cell count, and on days
2 and 7 for hemoculture: rats were placed in restraining
tubes, the animals tails was immersed in water at 40-50°
C for 5 minutes, and 0.5 — 1 ml of blood was drawn from
the lateral tail vein.

For implant retrieval, animals were eutanized with 0.1
ml T61 (embutramide 200 mg, mebezonium iodide 50
mg, clorhidric tetracaine 5 mg), which stopped the heart
of the rats in 10-20 seconds, administered intracardially
after prior anesthesia with ketamine and xylazine. Figure 1
shows the distribution of animals based on implants, infec-
tious organisms and implant retrieval. In the subgroup of
control animals (8 implanted with each type of graft), 4
implants were retrieved each at 2 weeks and 4 weeks post-
operatively.

As mentioned above, the first subgroup of 8 rats in-
fected with MSSA was excluded from the study (it was
also observed that the retrieval of the grafts after 1 month
is practically impossible, as the implant is rejected by the
animal’s body and literally “disappeares” by expulsion from
the wound). The implants from the second subgroup of 8
rats infected with MSSA were retrieved at 2 weeks postop-
eratively.

The rest of the animals from the infection group (24
each in the MSSA, MRSA and E. coli subgroups respec-
tively) have had the implant retrieved at 1, 2 and 3 weeks
postoperatively (8 animals at each time point, 2 with each

type of graft).

Processing of retrieved implants

Each piece of retrieved graft was cut into two halves: one
was sent for seeding on media, and the other used for mor-
pho-pathological analysis, the latter data being detailed in
a different paper, submitted for publication, as part of the
same reseasrch project. For the bacteriological evaluation,
the graft pieces introduced in tubes with 3 ml of saline
solution were processed as follows:

The sample was vortexed for 30 seconds to detach the
bacteria from the vascular prosthesis;

Serial dilutions were performed in sterile saline (1/10,
1/100, 1/1.000, 1/10.000, 1/100.000);

From each of these dilutions, 50 pl were seeded on a
blood agar plate (previously kept at 37° C)

The plates were incubated at 37° C for 24 hours and
then, of each plate ( corresponding to a certain dilution),
the formed colonies were counted using the ‘TUL Flash &
Grow’ automatic colony counter. The resulted numbers
were adjusted for dilution and volume to obtain the num-
ber of CFU/ ml, using the following formula:

CFU/ml = (no. of colonies x dilution factor x 20)/3

* /3 = adjusting for total volume;
** 20 = adjusting for the volume of the inoculum

Statistical analysis

The data were analyzed using the Epilnfo7 statistical pro-
gram. For comparing the central tendencies the Kruskall-
Wallis was used.

Results

As mentioned earlier, a number of 8 rats had to be exluded
from the study because the clinical infection wasn’t suffi-
cient to be relevant for the results obtained post-retrieval.
It was also apparent that maintaining the infected graft
for a month postoperatively was useless, as the graft pieces
were totally expelled at the end of the period.

Surgical wound infection was evident in all 80 rats from
the infected group (as shown in figure 2). In case of MSSA,
the infection tended to reach a maximum of grade 2 ac-
cording to Szilagyi’s classification by 1 week postoperative-
ly, with a consecutive reduction of the infection grade by
the 21+ postoperative day. For the subgroup infected with
MRSA, a Szilagyi grade 3 infection was produced early,
with no tendency of reduction by 21 days postoperatively.
In terms of the E. coli infection, a difference was observed
in the case of both Dacron grafts and the ePTFE graft: for
the former grafts, starting from an initially reduced Szilagyi
grade, the infection subsequently aggravated, while in case
of the latter there was a massive infection right from the
start.

Rectal temperature measurements performed on days 2,
5 and 7 postoperatively showed an average value of 39° C
in the 27 postoperative day, which decreased to an average
of 38.8° C by the 5% day and 38.5° C on the 7% day, in-
dicating that all rats became afebrile by day 7, irrespective
of graft type.

Blood samples collected on the 274 and 7% day postop-
eratively showed a positive blood culture on the 27 day
only in the 24 animals infected with E. co/i, and the sam-
ples were negative on the 7™ day. One death occurred dur-
ing blood sample harvesting in an animal from the E. coli
subgroup, immediately after the induction of anesthesia.
The morphopathology analysis from samples taken from
the lungs showed the death occurred because of acute res-
piratory distress syndrome.

White blood cell counts obtained from the samples col-
lected on days 2, 5, 7 and 14 postoperatively did not vary
according to the type of graft, but were influenced by the
infecting bacteria. The average value on day 2 was 10.2
10e12/L, increasing to 13.8 10e12/L by day 5, and reach-
ing a maximum on day 7 (14.4 10e12/L), with a subse-
quent decrease to 8.4 10e12/L on day 14 postoperatively.

In terms of microbiological assessment, statistical
analyses were made for CFUs/ ml obtained in case of the
1/100.000 dilution for each bacterial strain. In regard to
E. coli infection, a statistically significant difference was
found between woven Dacron® and ePTFE (p<0.05), with
the latter showing a larger number of CFUs/ ml. These
results were not influenced by the day of implant retrieval.
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Fig. 1. Diagram showing the distribution of the rats used in the study, based on type of implant, infectious agent, and implant retrieval.

The silver-impregnated Dacron® showed the smallest num-
ber of CFUs/ ml in case of E. coli infection.

There was a statistically significant difference between
the CFUs/ ml obtained for the 4 types of grafts in case
of both MSSA and MRSA infections (figures 6 and 7):
thus the ePTFE grafts had a smaller number of CFUs/ ml

compared to knitted and woven Dacron®, comparable to

those obtained for the silver-impregnated Dacron®. For the
MSSA infection, the number of CFUs/ ml in case of silver-

impregnated Dacron® was zero.

Discussion
In the late 80’s scientists began the study of silver-impreg-
nation of medical devices. Silver is a broad spectrum bacte-
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riostatic agent that binds to microbial DNA and prevents
its replication. Silver-impregnation was used for all kinds
of medical instruments: diffrent types of catheters, heart
valves, suture material, bone implants, etc.

In an experimental study on dogs, Shah et al.[18] com-
pared the results of using Gore-Tex® grafts treated with
either norfloxacin alone or by norfloxacin and silver-im-
pregnation, and found that the addition of silver yielded
superior results. Benvenisty [19] conducted a similar study
on dogs, demonstrating the efficacy of vascular grafts im-
pregnated with silver.
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Illingworth et al. [20] and Collin [21] observed a clear
reduction in infection rates following the subcutaneous
implantation of a silver-impregnated cardiac valve in dogs,
as well as a significant reduction in the number of bacterial
contamination of central venous catheters with silver coat-
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ing. In contrast to these findings, Goeau-Brissoniere et al.
[22] found no effect of the use of silver in preventing infec-
tion, in yet another experimental study on dogs.

Given that our department and most vascular surgery
departments in the country are using silver-impregnated
grafts, particularly in situations with increased risk of infec-
tion, and lacking a considerable experience with rifampic-
in-impregnated grafts, we considered it relevant to design
an experimental study comparing silver-impregnated grafts
with other standard grafts used in revascularization pro-
cedures. The infectious microorganisms were also chosen
based on their relevance to human infections identified
most commonly in our practice: MSSA, MRSA and E. coli.

After standardizing our method, we found that all the
used microorganisms produced surgical wound infections
that were clinically evident. In case of MSSA, the infection
was limited in grade, with a tendency of healing after day
14. MRSA produced infections which were more severe
from the start, with no tendency to heal. Infections pro-
duced by E. coli were milder in certain types of grafts, and
more severe in others, also displaying no tendency towards
healing; as a further difference there was a pattern of later
onset compared to infections produced by Staphylococci.
Blood cultures were negative for Staphylococci and positive
in case of E. coli, regardless of the type of implant.

However, from a bacteriological point of view, Staphylo-
cocci produced more massive infections on Dacron® pros-
theses, except for the silver-impregnated version. This re-
sult also correlated with the grading of clinical infection,
with lowest Szilagyi grades for silver-impregnated Dacron®.
In contrast, E. coli produced more significant infections
on ePTFE grafts, with silver-impregnated Dacron® being
again on the lower scale of CFUs/ ml.

The bacteriological results need to be linked to the
morpho-pathological analysis, which shows poorer behav-
iour of the silver coated graft from points of view of tis-
sue incorporation and healing characteristics, comparative
to ePTFE graft, which exhibits the best structural perfor-
mance.

Conclusions
Silver-impregnation has inhibited bacterial growth in case
of E.coli and MSSA infections, but not in MRSA infec-
tions.

In case of MRSA infections the ePTFE graft was com-
parable to the silver-coated graft.

So the silver coated graft is superior to woven and knit-
ted Dacron grafts, but no significantly superior to ePTFE
graft.
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