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4 Divsion of Pathology, Hospital General ‘‘Dr. Manuel Gea González’’, Calzada de Tlalpan 4800. Col. Toriello Guerra, Tlalpan,
C.P. 14000, Mexico D.F., Mexico

Received: 16 November 2004/Accepted: 5 December 2004/Online publication: 16 June 2005

Abstract
Background: The placement of intraabdominal poly-
propylene mesh entails risks of adhesions and fistulas
that can be avoided by preperitoneal placement.
Methods: This comparative, open, experimental, pro-
spective, randomized, and transversal study randomized
pigs into two groups of 11 each for intraperitoneal
(IPOM) or preperitoneal (TAPP) polypropylene mesh
placement by laparoscopy. Diagnostic laparoscopy and
tissue en-bloc resection was performed 28 days postop-
eratively for histopathologic analysis.
Results: The following data were observed for the two
study groups: surgical time (IPOM: 35.73 ± 4.22 min;
TAPP: 58.09 ± 6.28 min; p = <0.0001); adhesions
(IPOM: 81.81%; TAPP: 27.27%; p = 0.032), grade III
for IPOM and grade II for TAPP (p = 0.001); and in-
terloop adhesions (IPOM: 81.81%; TAPP: 9.09%;
p = 0.003). No fistulas were found in either group. The
TAPP procedure showed better integration of mesh,
without lesion to abdominal organs. Two complications,
occurred with IPOM, and one with TAPP (p = 1.0, not
significant).
Conclusions: The perperitoneal technique requires more
time, but has fewer adhesions and less intraabdominal
inflammatory response. It is a feasible technique that
may diminish risks in the laparoscopic treatment of in-
cisional hernias with polypropylene mesh.
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Large defects of the abdominal wall constitute a chal-
lenge for the general surgeon. Incisional hernias con-
stitute acquired defects. Less frequently, defects can be
caused by deliberate resections of the abdominal wall
because of tumors. Incisional hernias represent a fre-
quent problem, since their incidence is 10% [1] and their
recurrence up to 58% [12]. The complexity of incisional
hernia repair lies in the selection of tissue or prosthetic
material to cover the defect, considering advantages and
disadvantages that each one offers.

The repair of inguinal hernias with preperitoneal
positioning of a polypropylene mesh using the laparo-
scopic transabdominal preperitoneal (TAPP) approach
is an accepted, safe, and widely performed procedure
[13]. On the other hand, the intraperitoneal placement of
a polypropylene mesh (IPOM) in incisional hernias, not
performed very often, may enhance the risk of compli-
cations, essentially adhesions and fistulas [14, 17]. This
risk, although small, can be reduced by using an ex-
panded polytetrafluoroethylene (e-PTFE) mesh [8, 9] or
by placing the polypropylene mesh on the abdominal
wall preperitoneally.

This study aimed to create an experimental model to
assess a novel surgical method that can be extrapolated
to incisional hernia repair. The objective of the current
study was to evaluate, in an experimental model, the
feasibility of a technique for placement of a polypro-
pylene mesh on the abdominal wall preperitoneally byCorrespondence to: J. I. Dı́az-Pizarro Graf
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the laparoscopic approach, to determine whether it
diminishes the complications related to its intraperito-
neal placement, and to compare both techniques.

Material and methods

This was a comparative, open, experimental, prospective, randomized,
and transversal study using pigs. The inclusion criteria for the study
required that the pigs be adult age (2–3 year), female (to avoid gender
as a non-controlled variable), York-breed, and 20 to 30 kg in weight.
The only exclusion criterion was previous surgery. The elimination
criteria specified death of the pig from causes unrelated to the surgical
procedure before the control diagnostic laparoscopy (28 days) and/or
intraoperative finding of pregnancy (to avoid another non-controlled
variable).

For the study, 22 adult pigs were randomly assigned to two groups
of 11 each. The groups were designated as the IPOM or control group
(pigs with mesh placed intraperitoneally) and the TAPP or experi-
mental group (pigs with mesh placed using the transabdominal pre-
peritoneal technique).

For randomization, a third person numbered the pigs when they
all were together in the cage. The pigs with odd numbers were assigned
to the TAPP group and the pigs with even numbers were asssigned to
the IPOM group. No hernia was created on purpose because the use of
prosthetic material to repair hernias has been widely demonstrated and
did not constitute an objective of the present study.

All the pigs were premedicated with metomidate and azaperone
intravenously at a dose of 5 mg/kg each. Anesthesia was induced with
an intravenous dose of 10 to 20 mg/kg sodium pentobarbital and
maintained with the same agent at a dose of 0.5 to 1 mg/kg/min
(titrating to response). The pigs were prepared for surgery in a con-
ventional manner using iodine-povidone for antisepsis and placed in
the supine position for the operative procedure. Conventional surgical
and laparoscopic instruments, previously sterilized, were used for the
procedure. The laparoscopic camera used was a one-chip Olympus
OTV-S2 with a camera-head cable AR-T2 (Olympus America, San
José, CA, USA). Two Ethicon 12-mm trocars (Ethicon, Somerville,
NJ, USA) were placed, the first one in the midline in the lower
abdomen and the other one in the left lower quadrant. An Olympus A-
5288 10-mm 30� laparoscopic lens (Olympus America) was introduced
through the midline trocar. A 5-mm trocar was placed in the right
lower quadrant (Fig. 1).

For the IPOM group pigs, a polypropylene mesh, measuring 3 by
3 in. was fixed to the right upper quadrant of the abdominal wall
directly over the peritoneum with an Autosuture Endouniversal 65�
stapler (USSC, Norwalk, CT, USA) using 4.8-mm staples, after which
2-0 polypropylene stitches were placed at four quadrants of the mesh.
To fix the mesh with stitches, a small incision was performed on the
skin over the corners located by laparoscopy. The suture was intro-
duced to the abdominal cavity with a straight needle piercing simul-
taneously through fascia, peritoneum, and the mesh. A 14-Ga. needle
was introduced by the same skin incision, also through the mesh and
the straight needle was inserted in the hollow needle to extract it from
the abdominal cavity, ensuring that it passed by the same skin incision.
This way, a better support was ensured by fixation of the mesh to the
whole thickness of the fascia, without the presence of a knot on the
skin surface. A subcutaneous knot was required because this was a
nonabsorbable suture that would not be removed as it constitutes the
mesh fixation to the abdominal wall.

For the TAPP group pigs, the peritoneum was incised to form an
orifice. Its borders were dissected at each side of the incision line to
obtain a wide peritoneum opening with sufficient space for placement
of a 3 · 3-in. polypropylene mesh, which was fixed in the same manner
and in the same location as the intraperitoneal mesh. The edges of the
peritoneum then were approximated using 2-0 polypropylene, isolating
the mesh from the abdominal cavity. The fascia of the 12-mm ports
was closed with 1 polyglactin 910, and the skin of all the ports was
closed with 3-0 nylon. A single dose of intramuscular cefalotine was
administered immediately postoperatively at a dose of 20 mg/kg.

The pigs were placed in individual cages during the recovery
period, and then in a common cage, where they were fed with labo-
ratory animal food and water ad libitum. We followed them clinically

twice a day to identify the presence of fistulas or other complications.
After 28 days all the pigs were killed. They were premedicated previ-
ously in the same way as for the first surgery, and then intravenous
potassium chloride was administered at a dose of 0.12 mg/kg. A
diagnostic laparoscopy was performed using only a midline port to
introduce the laparoscope and demonstrate the presence or absence of
adhesions (Figs. 2 and 3), to classify them in grades according to the
macroscopic classification of Zühlke [11, 20], and to identify the
presence of fistulas or other complications. Then, an en-bloc (skin to
peritoneum) resection of the tissue adjacent to the mesh was performed
including every tissue or portion of organ adhered to it. All the pigs
underwent the operation by the same surgeon with different assistants.

Fig. 1. Trocar and mesh placement.

Fig. 2. Laparoscopic view of peritoneum with adhesions with the
intraperitoneal onlay mesh (IPOM) technique.
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The specimens were fixed with 10% formaldehyde and sent to the
pathology department, where they were processed during 12 hours for
dehydration and impregnation in paraffin so 4 lm thick cuts could be
made. Then they were dyed with hematoxyllin-eosin and Mason dye
(collagen). All the slides were observed with a CH-2 Olympus
(Olympus America, San José, CA, USA) microscope by the same
pathologist, and analyzed under magnification of · 4, · 10, and · 40.
The histopathologic study described fibrosis, fibroblastic proliferation,
and the presence of foreign body type multinucleated giant cells, giving
each parameter a value of absent, mild (or few), moderate, or severe
(or abundant). The presence of adhesions in intraabdominal organs
also was described and classified according to the histologic classifi-
cation of Zühlke [11, 20] by the pathologist.

Statistical analysis

The data collected in the study were analyzed statistically using one-
and two-tailed Student�s t tests for equal variances for the quantitative
variables. The level of significance for rejection of the null hypothesis
was 0.05 (a). For binary variables (presence/absence), a difference of
proportions test was used; and for ordinal variables, a two-tailed
Kolmogorov–Smirnov test for two samples was used. A p value less
than 0.05 was used as the level of significance for all the tests.

The Zühlke classification categorizes adhesions in four grades (I to
IV) macroscopically and histologically [11, 20], so we assigned a cor-
responding 1 to 4 value in order to submit them to statistical analysis.
To submit the rest of the histopathologic results to statistical analysis,
we gave a value of 0 when the variable was reported as absent, 1 when
it was described as mild or few, 2 when it was reported as moderate,
and 3 if it was severe or abundant.

Results

A total of 23 pigs underwent surgery. One of them (in
the IPOM group) died in the immediate postoperative
period of causes attributable to the anesthesia, and not
related to the surgical procedure itself. This pig thus was
eliminated from the study. For that reason one more pig
underwent surgery to complete the sample of 11 pigs per
group. Therefore, 22 pigs divided in two groups of 11
pigs each were included in the study. The mean weight
of the pigs was similar in the two groups, so they were
comparable. The mean surgical time was longer for the
TAPP group. The weight and surgical time values as
well as their statistical analysis are presented in Table 1.

All the pigs underwent reoperation 28 days after the
first surgery. The diagnostic laparoscopy findings in
relation to adhesions to the mesh (Fig. 2 and 3), inter-
loop adhesions, and micro- and macroscopic grade of
adhesions are included in Table 1. The pigs in IPOM
group presented more adhesions, and these were of a
higher grade than those in the TAPP group. None of the
pigs presented intestinal fistulas.

In relation to the presence of complications, we found
an inflammatory reaction of small intestine (ileum) serosa
in direct contact with the mesh in one pig (Fig. 4), and of
colonic serosa in contact with the mesh in another pig,
both cases in the IPOMgroup.A superficial abscess in one
of the surgical incisions through which the needle was
introduced to fix the mesh was found in one of the pigs of
the experimental (TAPP) group without evidence of
deeper infection. The incidence of complications was not
significant. The values of the complications and their
statistical analysis are reported in Table 1.

Concerning these segments of ileum and colon, the
histologic examination showed the presence of mild
fibrosis, with small fibrous nodules, moderate fibro-
blastic proliferation, and abundant foreign body type
multinucleated giant cells.

The histopathologic report on the inflammatory
reaction of the abdominal wall blocks regarding fibrosis
(Fig. 5), fibroblastic proliferation, and the presence of
giant cells, as well as their statistical analysis is presented
in Table 1.

Nine pigs in the IPOM group had macroscopic
adhesions to mesh or interloop adhesions. These adhe-
sions were histologically classified as grade I in one pig
and grade II in eight pigs. Three pigs in the TAPP group
had adhesions, and these were classified as grade II
(Zühlke�s histologic classification) [11, 20]. Their statis-
tical analysis is shown in Table 1.

Discussion

Interest in the repair of abdominal defects started in the
19th century. In 1880, Billroth [6] predicted that the
herniation problem would be resolved eventually when
artificial replacement of damaged tissues was possible.
Surgeons were encouraged to test different materials to
find an ideal one. Currently, polypropylene is the pros-
thetic material used most widely for hernia repair [16]
since its initial testing by Usher [18] in 1963.

The incidence of incisional hernias for laparotomy
incisions is at least 10%, as shown by long-term follow-
up studies [1]. This incidence rises where suitable closing
of the abdominal wall is not emphasized, and varies
widely among surgical centers because of differences in
surgical technique and patient population [5]. Two-
thirds of incisional hernias appear within the first 5
years, and at least another one-third appears 5 to 10
years after the operation [1].

The recurrence rate for incisional hernia also is high,
reportedly 30% [10] to 58% [12]. In addition, after sec-
ond, third, and fourth attempts at repair, the recurrence
rate is, respectively, 56%, 48%, and 47% [1]. The use of
prosthetic material for the repair of incisional hernias

Fig. 3. Laparoscopic view of peritoneum without adhesions with the
transabdominal preperitoneal polypropylene (TAPP) technique.

992



has diminished their recurrence [1]. Nevertheless, to
place the mesh by an anterior approach, it is necessary
to perform a new incision, weakening the abdominal
wall even more and increasing the risk of recurrence.
The intraperitoneal placement of a polypropylene mesh
by the laparoscopic approach seems to be an option that
may solve this problem, but it carries the risk of com-
plications associated with the direct contact of poly-
propylene with abdominal organs [14]. Using expanded
polytetrafluoroethylene (e-PTFE) instead of polypro-

pylene lowers this risk [8, 9], but increases the cost of the
procedure considerably.

Intraperitoneal polypropylene has been associated
with many complications, including wound infection
[17], erosion to intraabdominal organs [15], intestinal
fistulas [7, 17], and mesh rejection [13]. Brandt et al. [7]
reported a smaller incidence of enterocutaneous fistulas
among cases in which omentum is interposed between
the mesh and the intestine. In such cases, the omentum
acts as a barrier. Other tissue, such as peritoneum, can

Table 1. Results and statistical analysis of all study variables in both groups

Variable IPOM Group TAPP Group t Value p Value

Weight (Kg)

Mean ± standard deviation 26.52 ± 1.673 27.03 ± 1.669 )0.71428a 0.4833 (NS)b

Range 23.9–29.1 24.4–29.3
Surgical time (min)

Mean ± standard deviation 35.73 ± 4.22 58.09 ± 6.28 )9.7977a <0.0001
Range 30–43 49–72

z Value
Adhesions to mesh n (%) 9/11 (81.81) 3/11 (27.27) 2.141c 0.032
Interloop adhesions n (%) 9/11 (81.81) 1/11 (9.09) 2.997c 0.003
Grade of adhesions (n)
Macroscopicd Grade III (9) Grade II (3) 1.978e 0.001
Microscopicf Grade I (1)/II (8) Grade II (3) 1.279e 0.076 (NS)b

Complications n (%) 2/11 (18.18) 1/11 (9.09) )0.000c 1.000 (NS)b

Fibrosis

Mild 10 3 1.492e 0.023
Moderate 1 8
Severe 0 0
Fibroblastic proliferation

Mild 3 0 1.919e 0.001
Moderate 8 2
Severe 0 9
Giant cells

Few 0 0 1.492e 0.023
Moderate 7 0
Abundant 4 11

a Two-tailed Student�s t test for equal variances
b (NS): Not significant
c Difference of proportions test
d Zühlke�s macroscopic classification (when adhesions were present)
e Two-tailed Kolmogorov–Smirnov test for two samples
f Zühlke�s microscopic (histologic) classification (when adhesions were present)

Fig. 4. Histopathologic view of a fibrous node on the ileum serosa in
the intraperitoneal onlay mesh (IPOM) group (·4).

Fig. 5. Histopathologic view of moderate preperitoneal fibrosis with-
out an effect on the peritoneum in the transabdominal preperitoneal
polypropylene (TAPP) group (·10).
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be used for the same purpose. This barrier may be of
vital importance because the presence of an intraperi-
toneal polypropylene mesh is related to intestinal
adhesions, which are responsible for the risk of intestinal
obstruction [11], as well as constituting the first stage of
prosthesis-related intestinal fistula [2].

The evidence of inguinal hernia repair by the TAPP
approach confirms the possibility of a laparoscopic ap-
proach without fixation of a polypropylene mesh intra-
peritoneally and with low rates of complications [13].
This approach can be extrapolated to incisonal hernia
repair, reducing the risk that accompanies the placement
of a polypropylene mesh in direct contact with abdom-
inal organs [7] and achieving the advantages of mini-
mally invasive surgery.

Currently, laparoscopic IPOM incisional hernia re-
pair is the technique most commonly used, and it should
be considered the standard of care [9]. The prosthetic
material used for laparoscopic IPOM incisional hernia
repair in the United States and other countries is the e-
PTFE mesh [8, 9]. This mesh has the advantage over
polypropylene that it causes less inflammatory reaction,
fewer adhesions, and a lower risk of fistula formation.
The risk of fistula formation is not completely elimi-
nated, because a colocutaneous fistula related to e-PTFE
has been reported [8]. Other prosthetic devices made of a
variety of composite materials also can be used in the
abdomen. Some of these materials have e-PTFE as one
of the mesh components or different materials that share
e-PTFE properties as well as its cost, such as Bard
Composix mesh, Genzyme Sepramesh and Ethicon
Proceed. Nevertheless, these materials have the same
drawback mentioned for e-PTFE, their high cost.

In Mexico, as in other developing countries, poly-
propylene mesh is the regularly available material, be-
cause e-PTFE is a very expensive prosthetic material for
hernia repair. Public hospitals, which provide medical
care to the majority of the population, can not afford
such an expensive mesh, so a low-cost option has to be
found. This situation encouraged us to create an
experimental model to test a safe technique using poly-
propylene mesh.

The data obtained in this study demonstrate that
placement of a polypropylene mesh on the abdominal
wall preperitoneally is feasible through a laparoscopic
transabdominal approach, at least in an experimental
model. It needs to be pointed out that peritoneum closure
during incisional hernia repair can be difficult because of
scarring. This condition, to be managed in the next phase
of this study, will involve using this technique in incisional
hernias, after its approval by the ethics and research
committees. On the other hand, the enlarged peritoneum
of the hernia sac also could be used to cover the mesh.

No hernia was created in this model for two reasons.
First, the use and advantages of prosthetic material to
repair hernias have been widely demonstrated, and it did
not constitute an objective of the current study. Second,
four-legged animals do not provide a good model for
hernias. These two reasons were considered by the
investigators, and hernia creation was not performed.

This study demonstrated not only technique feasi-
bility. It also showed that macroscopically there is less

formation of adhesions to the mesh (81.81% vs 27.27%;
p = 0.032) (Figs. 2 and 3) and less interloop adhesion
formation (81.81% vs 9.09%; p = 0.003), and that
macroscopically, these adhesions are less firm when the
mesh is placed preperitoneally rather than intraperito-
neally (p = 0.001). Nonetheless, according to the his-
topathologic analysis, the difference in the grade of
adhesions barely missed significance (p = 0.076). The
presence of adhesions to the prosthetic material is sim-
ilar to that reported by other authors in experimental
studies, such as Amid et al. [2] and Baptista et al. [4],
who reported up to a 100% rate for adhesions in their
groups of study.

It also is evident that the surgical time required for
the preperitoneal technique is significantly longer, and
this is because it entails dissection and then closure of
the peritoneum. However, this extra time is not exces-
sive, and it is well justified because of the benefit that it
provides to the patient by reducing the risk of compli-
cations related to the contact of intraabdominal organs
with the mesh.

With respect to complications, these were found in
two pigs of the IPOM group and in one of the TAPP
group, but the incidence was not significant. However,
the complications that occurred in the control (IPOM)
group, that is, inflammatory reaction on the serosa of
the ileum (Figure 4) and colon, can have important
clinical consequence, such as stronger adhesions to the
mesh, and adjacent organs, or interloop adhesions with
a higher risk of intestinal obstruction [11]. The contin-
uous contact of the serosa with the prosthetic material
can erode the former [15] and permit the development of
a fistula [2].

The histopathologic analysis data demonstrate that
the pigs that underwent surgery with the TAPP tech-
nique had more fibrosis on the preperitoneal tissue
adjacent to the mesh (Fig. 5), as well as more fibro-
blastic proliferation and more foreign body type multi-
nucleated giant cells, and this difference was statistically
significant for these three aspects (p< 0.05). This can be
attributed to the fibrous reaction induced by the direct
contact of the mesh with the muscle fibers, a situation
that enhances the integration of the prosthetic material
with the adjacent tissue reinforcing the mesh fixation
and strength.

Conclusion

The preperitoneal placement of a polypropylene mesh
on the abdominal wall by a laparoscopic transabdomi-
nal approach is a feasible technique that can be
extrapolated to laparoscopic incisional hernia repair.
Although the surgical time is longer than that required
by the intraperitoneal technique, in which the mesh is
placed directly on the peritoneum, the incidence of
adhesions to the mesh and interloop adhesions is lower
when the mesh is placed in the preperitoneal space.
Besides, when adhesions are present, they turn out to be
stronger in subjects that have the mesh in direct contact
with intraabdominal organs, although this difference
barely misses significance when adhesions are classified
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histopathologically. This can be interpreted as a reduced
intraabdominal inflammatory reaction when the mesh is
placed preperitoneally. There is no difference in the
incidence of complications between the techniques, but
the complications in the intraperitoneal group may re-
sult ultimately in more serious complications (bowel
obstruction and/or fistulas).

Authorities in the field of hernia repair deny an
association between the intraperitoneal placement of a
polypropylene mesh and the formation of enterocuta-
neous fistulas [2, 19]. Nevertheless, they recognize that
there still is a small risk for this complication [19]. This
risk can be diminished by placing the mesh in the pre-
peritoneal space, or by using an e-PTFE mesh, if
available, without losing the benefits that minimally
invasive surgery provides.
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