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Abdominal wall defects resulting from trauma, invasive infection,
or hernia present a difficult problem for the surgeon. In order
to study the problems associated with the prosthetic materials
used for abdominal wall reconstruction, an animal model was
used to simulate abdominal wall defects in the presence of
peritonitis and invasive infection. One hundred guinea pigs
were repaired with either polytetrafluorethylene (PTFE) or
polypropylene mesh (PPM). Our experiments included intra-
operative contamination with Staphylococcus aureus. We found
significantly fewer organisms (p < 0.05) adherent to the PTFE
than to the PPM when antibiotics were administered after
surgery, as well as when no antibiotics were given. In the
presence of peritonitis, we found no real difference in numbers
of intraperitoneal bacteria present whether PTFE or PPM was
used. In all instances, the PTFE patches produced fewer
adhesions and were more easily removed. From these experi-
ments, it appears that PTFE may be associated with fewer
problems than PPM in the presence of contamination and
infection.

1YNTHETIC MATERIALS have been used to replace and
to reinforce the abdominal wall for many years." 2

The necessary chemical and physical properties of an
abdominal wall prosthesis include: (1) hypoallergenicity;
(2) a lack of proven carcinogenicity and inflammatory
response; (3) the ability to withstand sterilization; (4)
the ability to not be modified by body fluids; (5) the
ability to not induce a foreign body response; and (6)
adequate strength.3'4 Many materials have been compared
on the basis of strength5 and histologic tissue response;6
however, few investigators have studied the properties
of different prosthetic materials in the presence of bac-
terial contamination or overt infection.
The most widely used material for abdominal wall

replacement and reinforcement during hernia repair is
polypropylene mesh (PPM) or Merlex®.7 In 1976, we
undertook a clinical study of polypropylene mesh and
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noted certain characteristics that caused difficulties in
the presence of infection.8 Since then, microporous
polytetrafluoroethylene (PTFE), or Gore-Tex®, has gained
widespread use as a vascular prosthetic material9 and
has demonstrated satisfactory tissue acceptance, in-
growth, and strength. In our present study, we compared
PTFE to PPM for abdominal wall replacement in the
presence of graded bacterial contamination.
One goal of this study was to compare the number

of bacteria found on both PTFE and PPM after intra-
operative contamination, similar to what might occur
during elective ventral hernia repair. In a second series
of experiments, we performed abdominal wall replace-
ment in the presence of peritonitis. The bacterial con-
centration of intraabdominal fluid was obtained in an
effort to determine if PTFE decreased peritoneal drainage
in comparison to PPM in the presence of peritonitis, as
has been suggested by others.'0 Qualitative assessments
were made as to the degree of adhesion formation
produced by each prosthetic material.

Materials and Methods

Experimental Bacterial Contamination

Adult female Hartley guinea pigs, weighing 350-400
grams, were anesthetized with ketamine (37.5 mg/kg)
and xylozine (5 mg/kg) administered intramuscularly.
Using sterile technique, a 4-cm midline skin incision
was made to the linea alba, and the surrounding sub-
cutaneous tissues were dissected free from the abdominal
wall. A 2-cm2 full-thickness segment of midabdominal
wall was excised. The defect was repaired by suturing a
2-cm2 patch of prosthetic material to the abdominal
wall margins with 4-0 running polypropylene suture
placed 4 mm from the edge of the defect. Forty animals
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TABLE 1. Adhesion Formation Indices for All Animals

Group PTFE*t PPM*t n

Group A (contamination
without antibiotics) 1.8 ± 0.1 3.9 ± 0.1 20

Group B (contamination with
postoperative antibiotics) 1.2 ± 0.2 3.1 ± 0.2 20

Group C (contamination with
preoperative antibiotics) 1.4 ± 0.2 3.7 ± 0.3 20

Group D (peritonitis) 1.5 ± 0.2 3.8 ± 0.1 16
Controls 1.0 3.0 20

* Each value or adhesion index is determined from the average of
the qualitative numerical grade assigned to each animal within the in-
dividual groups at the time of patch removal (±SD). 1 = no adhesions;
2 = minimal adhesions; 3 = moderate adhesions; 4 = dense adhesions.

t p < 0.05, r = 1.06 - Kendall's rank coefficient.

had abdominal wall reconstruction with polypropylene
mesh (Marlex), and 40 animals had abdominal wall
reconstruction with polytetrafluoroethylene soft tissue
patch (Gore-Tex).

Prior to skin closure, 30 animals that were repaired
with PPM and 30 animals that were repaired with PTFE
received an injection of 108 Staphylococcus aureus in
0.5 ml phosphate buffered saline (PBS) on the surface
of the prosthetic patch. The skin was closed over the
patch with 4-0 interrupted dermalon sutures. The re-
maining 10 animals that were repaired with PTFE and
the remaining 10 animals that were repaired with PPM
received no bacterial challenge and served as noninfected.
controls.
The animals were housed individually, fed laboratory

chow (Purina* #5025) and given water ad libitum. On
the fifth day after surgery, the animals were sacrificed
with an intracardiac injection of 1 ml ofT6 1 Euthanasia
Solution (Hoechst Pharmaceuticals, Somerville, NJ).
The patches were immediately removed under sterile
conditions and placed in a glass mortar containing 5 ml
of PBS. The patches were homogenized for 5 minutes,
and the homogenate was serially diluted, plated on
nutrient agar, and incubated overnight at 37 C. The
bacterial counts obtained were expressed as the logarithm
of the number of organisms per square centimeter of
prosthetic patch.

At the time of sacrifice, all wounds were examined
for qualitative assessment of adhesion formation by a

TABLE 2. Quantitative Bacterial Cultures from Group D for
Peritoneal Fluid and Prosthetic Material

PTFE* PPM*

Peritoneal fluid loglo organisms/ml 6.0 ± 0.4 6.3 ± 0.5
Prosthetic patch log10 organisms/cm2 5.7 ± 0.6 6.1 ± 0.5

* Each value is determined from the average of the individual counts
for each animal (N = 16) (±SD).

Ann. Surg. * June 1985

classification of four grades: grade 1, no adhesions
present; grade 2, minimal adhesions requiring very little
blunt dissection; grade 3, moderate adhesions requiring
aggressive dissection; and grade 4, dense adhesions re-
quiring meticulous sharp dissection to free the prosthetic
graft from the abdominal viscera. Each animal received
a numerical assessment at autopsy for the degree of
adhesion formation, and these values were subsequently
averaged within each group with a resultant adhesion
index for each group (Table 1).
The animals were placed in one of four groups; each

group contained 20 guinea pigs, of which 10 were
reconstructed with PTFE and 10 with PPM. Group A
animals were contaminated with Staphylococcus aureus
and received no antibiotics. Group B animals were
contaminated with S. aureus and treated with an anti-
biotic (gentamicin, 8 mg/kg) administered intramuscu-
larly 24 hours after implantation and every 12 hours
thereafter until sacrifice. Group C animals were contam-
inated and given a single dose of antibiotic (gentamicin,
8 mg/kg) 1 hour prior to implantation. The remaining
20 animals were not contaminated and served as non-
infected controls for the assessment of adhesion forma-
tion. Sensitivity of the S. aureus to gentamicin was
confirmed by Bauer-Kirby disc diffusion techniques.

Experimental Peritonitis
Group D consisted of 20 animals that were injected

intraperitoneally with 103 Streptococcus faecalis, 104
Escherichia coli, and I05 Bacteroides fragilis in 2 ml of
2.5% sterilized fecal solution. Forty-eight hours after
injection, in the presence of fibrinopurulent peritonitis,
the animals underwent abdominal wall excision and
reconstruction as previously described for groups A, B,
and C. Ten animals were repaired with PPM and 10
animals with PTFE. These animals received no anti-
biotics.

Five days after implantation, the animals were sacri-
ficed and quantitative bacterial cultures performed on
the peritoneal fluid and the respective patches. We chose
this sampling period based on our observations in a
pilot set of experiments, in which a high incidence of
wound dehiscence and graft extrusion was observed after
5 days, producing spurious bacteriologic data. This pilot
study was not included in our present study. The
number of organisms within the peritoneal fluid was
expressed as the logarithm of organisms per milliliter,
and the bacterial counts from the prosthetic patched
were expressed as the logarithm of organisms per square
centimeter of prosthetic patch (Table 2). In groups A,
B, C, and D, full-thickness, cross-sectional samples of
intact graft or mesh were taken for histologic sampling
from each animal.
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Results
Experimental Bacterial Contamination

There was very little qualitative difference in the
appearance of the incisional wounds between those
animals implanted with PTFE and those implanted with
PPM in groups A, B, and C during the 5-day postoper-
ative period. All wounds became erythematous and
indurated, and a similar proportion of wounds in each
group spontaneously drained purulent material.

At autopsy, all wounds had fibrinopurulent encase-
ment of the prosthetic patch and frank pus between the
patch and abdominal skin closure. In groups A, B, and
C, the PTFE patches were significantly easier to remove
than the PPM patches. The underlying viscera were
consistently adherent to the PPM patches with grade 4
adhesions occurring in group A (Fig. 1). The adhesions
surrounding the PTFE patches could easily be lysed
with gentle blunt dissection. The adhesions attached to
the PPM patches frequently required sharp dissection
for removal. By creating an adhesion index from quali-
tative assessment at the time of patch removal, it was
possible to show a significant difference between the
PTFE and PPM groups (p < 0.05; r = 1.06 Kendall's
rank coefficient) (Table 1). The wounds in the control
group were similarly examined and fewer adhesions
were found than in the infected groups. Even in the
absence of infection, the PPM patches were much more
adherent than the PTFE patches (Table 1). There was
no bacterial growth found in the control patches. Com-
parison of the bacterial counts between the PTFE and
PPM patches was statistically different in group A (Fig.
2). The PTFE patches contained 100-fold fewer organ-
isms per centimeter squared than did the PPM patches
(p < 0.05 Student's paired t test). In group B, the overall
counts were less than in group A. The PTFE patches in
group B contained significantly fewer organisms per
square centimeter than did the PPM prosthetic group
(p < 0.05 Student's paired t test) (Fig. 2). In group C,
there was no statistical difference between the bacterial
counts for the two types of prosthetic patch. The logl0
organisms per square centimeter for PTFE and PPM
were 5.8 ± 0.6 and 6.4 ± 0.9, respectively.

Histologic sampling revealed very little difference
between animals reconstructed with PTFE and those
reconstructed with PPM in groups A, B, and C. All
specimens showed an acute inflammatory response with
a large amount of purulent exudate.

Experimental Peritonitis

Animals in group D exhibited a generalized purulent
peritonitis at 48 hours after injection of bacteria-fecal
solutions. Bacterial cultures revealed all three of the

I
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FIG. 1. PPM removed from an animal in group A at 5 days after
implantation (top). PTFE removed from an animal in group A at 5
days after implantation (bottom).

inoculated organisms to be present. Fibrinous exudates
were present on the viscera along with serosanguinous
peritoneal fluid at the time of abdominal wall excision
and reconstruction.
No subjective differences were noted in the skin

surrounding the incision between animals repaired with
PTFE and animals repaired with PPM. All wounds had
less surrounding erythema and induration than those in
groups A, B, or C. Two animals from the PTFE group
and two animals from the PPM group died after the
reconstructions. Death appeared to be related to sepsis
as the animals had ruffled coats and crusting of both
eyes prior to death.

At autopsy, the adhesions were significantly reduced
in those animals implanted with PTFE. As in groups A,
B, and C, the removal ofPPM required sharp dissection,
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FIG. 2. Quantitative bacterial counts of the two different prostheses at
5 days after contamination.

whereas PTFE simply peeled out once the surrounding
suture was cut (Table 1).
The amount of peritoneal fluid present at autopsy

was similar for both prosthetic groups, varying from
0.15 ml to 0.2 ml. There were no significant differences
between bacterial counts of the peritoneal fluid and the
prosthetic patches for the two groups (Table 2).

Histologic sampling revealed very little difference
between the two prosthetic materials. All specimens
showed an acute inflammatory response with a large
amount of purulent exudate present.

Discussion

Very little information is available regarding specific
properties of prosthetic materials for abdominal wall
reinforcement in the presence of infection. It was the
purpose of this experiment to compare PPM and PTFE
in two situations of simulated specific clinical problems.
The study was designed to simulate contamination as

it might occur while using these prosthetic materials for

elective abdominal wall reinforcement (i.e., herniorrha-
phy). We chose S. aureus as the infecting organism
because it is frequently associated with intraoperative
contamination. Elek et al." showed that, when foreign
materials are present, fewer organisms are required to
produce a clinical infection. The foreign material acts
as an adjuvant by decreasing the number of bacteria
necessary to produce an infection. Some materials seem
to be more effective than others when used as adjuvants
in infection.

In the first portion of this experiment, PTFE prostheses
in groups A and B grew significantly fewer organisms
after contamination than did the PPM patches. When
antibiotics were administered after contamination, the
overall total bacterial counts in each group were reduced;
however, the PTFE prostheses continued to contain
statistically fewer organisms. Surprisingly, when anti-
biotics were administered prior to contamination (group
C), there was not as large a difference between bacterial
counts for the two prosthetic materials. Although the
PTFE patches continued to contain fewer organisms,
the difference was not statistically significant, and the
overall counts were greater than group B. Our experi-
ments did not indicate that the "decisive period," as
described by Miles,'2 affected our outcome. From our
data, postoperative antibiotics produced lower bacterial
concentrations per square centimeter than did a single
preoperative dose, which suggests that postoperative, in
addition to preoperative, antibiotics are indicated for
abdominal wall reconstruction if contamination occurs.

It may be that PTFE is more resistant to the produc-
tion of a clinical infection if contamination occurs
intraoperatively. This seems to be a logical assumption
since, in the absence of antibiotics or with antibiotics
administered after contamination, the PTFE patches
consistently had 100-fold fewer organisms per square
centimeter than did the PPM patches (Fig. 2). Bacterial
adherence is a complex phenomenon involving stereo-
specific interaction between bacterial ligands and receptor
sites on the foreign body surface.'3 The magnitude of
adherence is related to the type of bacteria and foreign
body involved in the interaction.'4 Therefore, because
of the microporous structure (30,u) of PTFE and its
decreased wetting properties, compared to the macro-
porous surface of PPM, PTFE may serve as a less
hospitable nidus for bacterial adherence than does PPM.

Marlex (PPM) gained widespread use in clinical situ-
ations during the Vietnam War.'5 However, there have
been long-term complications associated with PPM that
include fistula formation, draining sinuses, and mesh
extrusion.8 6 7 A commonly ascribed basis for using
PPM for acute abdominal wall reconstruction is that it
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may, by virtue of its porosity, allow macromolecular
substances to drain from the infected peritoneal cavity.
The use of a microporous material, such as PTFE, in
this clinical setting has been questioned because of
possible inhibition of peritoneal drainage. However,
there is evidence that the peritoneal cavity is sealed and
becomes impermeable to drainage within 12 hours even
when PPM is used.'8 This fact supports the finding by
others'9 that it is impossible to drain the entire peritoneal
cavity in diffuse peritonitis. Because of this, we created
an animal model to simulate abdominal wall defects in
the presence of peritonitis or invasive infection. In our
study, animals reconstructed with PTFE in the presence
of peritonitis had the same mortality and intra-abdominal
bacterial concentrations as did animals reconstructed
with PPM (Table 2). As there was no statistical difference
between bacterial counts and mortality, we concluded
that PPM does not promote greater peritoneal drainage.
The bacterial counts obtained from the patches in the

peritonitis model were similar, with the PTFE values
slightly less than the PPM counts; there was no statistical
difference (Table 2). This is somewhat at odds with the
previous finding from the contamination model but
may be due to a difference in adherence properties
associated with gram-negative organisms compared to
S. aureus.
The fact that PTFE reconstruction did not enhance

mortality or increase intra-abdominal bacterial counts
associated with peritonitis is an important finding in
that it does not preclude the use of PTFE for abdominal
wall replacement associated with invasive sepsis. This
finding, along with significantly fewer adhesions produced
by PTFE (Table 1), suggests PTFE may be as useful as,
if not more useful than, PPM for acute abdominal wall
reconstruction secondary to infection and traumatic
abdominal wall loss.

The lack of differences in histologic findings between
the prosthetic groups may be related to the short sampling
time (5 days) and the presence of infection. Others20
have shown a much more desmoplastic response to
PPM than to PTFE; however, these studies performed
histologic sampling several weeks after implantation and
in the absence of sepsis.

In conclusion, PTFE produced less bacterial adherence
in an intraoperative contamination model and created
fewer adhesions in control wounds, contaminated
wounds, and peritonitis. In addition, PTFE does not

appear to worsen the course of peritonitis when used as
an abdominal wall prosthesis. From these experiments,
it appears PTFE may be preferred to PPM in certain
clinical situations; however, well-controlled clinical trials
are required before the long and generally favorable
experience with PPM can be discounted.
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DISCUSSION

DR. MARK M. RAVITCH (Pittsburgh, Pennsylvania): I have three or
four options. I can discuss the paper presented in the abstract; I can

discuss the paper that was given so deftly and smoothly on this
platform; or I can discuss the manuscript. As has already been
suggested, no one of these bears any relationship to the others, and I
can give my own paper.


