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METHOD FOR THE IMPROVEMENT OF
MESH IMPLANT BIOCOMPATIBILITY

FIELD OF THE INVENTION

[0001] The present invention relates to the field of surgery,
in particular the integration of artificial mesh implants.

BACKGROUND OF THE INVENTION

[0002] The placement of synthetic meshes into the body of
a patient has become routine in the field of surgical practice.
The most common use for mesh implants is the placement
into the abdominal cavity for the repair of ventral and inci-
sional hernias. The meshes are either placed extraperitoneally
in onlay or sublay technique or intraperitoneally in intraperi-
toneal onlay mesh technique (IPOM). Inlay technique also
played a role in the past. IPOM technique is indicated in
multiple defect hernias (also known as Swiss cheese hernias)
as well as for the treatment of large abdominal wall defects
with loss of domain in obese patients. The implants are usu-
ally fixed by sutures, tacks or anchors. Complications found
with IPOM technique are seroma formation, impaired func-
tionality of the abdominal wall, chronic pain and adhesion
formation. Chronic pain (continuous or intermittent pain pet-
sisting for more than 3 months postoperatively is mainly
caused by perforating fixation devices with a reported inci-
dence of 5-15% in open and laparoscopic hernia repair opera-
tions.

[0003] Clinical and experimental studies have shown that
synthetic meshes as well as fixation devices can evoke a
foreign body reaction. Unspecific tissue inflammation pro-
vokes tissue adhesions often elicited by protruding tacks,
sutures or sharp mesh margins. These adhesions are poten-
tially resulting in major complications like bowel adhesion,
bowel obstruction or perforation.

[0004] Different mesh concepts for adhesion prevention
have been developed including coated meshes, developed for
separation of peritoneal defects and used for the individual
coating of meshes. Large pores and high flexibility increase
mesh integration into the abdominal wall and provide good
biomechanical function. Examples for coated meshes are
Parietex Composite®, Sepramesh® and Proceed®. The idea
of integrating mesh and antiadhesive layer in the implant is to
separate implant and viscera until the mesh is covered by
neomesothelium (after approximately 10 days) and in the
following to reduce the foreign body reaction and adhesion
formation triggered by the implant.

[0005] However, using coated meshes may still trigger
adverse reaction due to the use of mechanical fixation means
such as sutures, tacks and anchors, which may extend from
the implant. It is therefore a goal of the present invention to
provide improved means to prevent or minimize all causes of
unwanted tissue adhesion to the implant or its fixtures.

SUMMARY OF THE INVENTION

[0006] In a first aspect the present invention provides a
method of fixating a mesh implant to a tissue of a subject
comprising attaching said mesh implant to said tissue, cover-
ing said mesh implant by an antiadhesive barrier, wherein
said antiadhesive barrier is attached to said mesh implant by
a biocompatible adhesive.

[0007] The invention also relates to a method of reducing
the risk of adhesion formation after surgery to a mesh implant
in asubject comprising attaching said mesh implant to atissue
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of the subject and covering said mesh implant by an antiad-
hesive barrier, whereby this risk is reduced. The mesh implant
may be attached to the tissue by a mechanical fixation device.
In this case, the antiadhesive barrier may also cover said
mechanical fixation device.

[0008] Furthermore the invention relates to a meshimplant,
antiadhesive barrier and a biocompatible adhesive, respec-
tively, for use in the inventive method. According to this
aspect the invention also provides the use of amesh implant or
antiadhesive barrier for the manufacture of a surgical device
for the inventive methods, as well as the use of the biocom-
patible adhesive for the manufacture of a pharmaceutical
preparation for the inventive methods.

[0009] In another aspect the invention relates to a kit com-
prising an antiadhesive barrier and a biocompatible adhesive,
optionally a mesh implant, and instructions for its use. The kit
may be used for any inventive method including the method
of fixating a mesh implant to a tissue of a subject comprising
attaching said mesh implant to said tissue, covering said mesh
implant by an antiadhesive barrier, wherein said antiadhesive
barrier is attached to said mesh implant by a biocompatible
adhesive, and instructions for said method.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] FIG. 1: Principal Set up of the invention—hernia
defect with a supportive mesh on which an antiadhesive bar-
rier is sealed to prevent adhesions.

[0011] FIG. 2: Boxplots of percental adhesion-coverage of
mesh surface in all groups. Adhesion-covered mesh surface
differs within the three groups (p=0.0017). It could be shown
that Control group is statistically different from Prevadh
group (p=0.0035) and from Seprafilm group (p=0.0120).
Groups significantly different from Control group are marked
by a star.

DETAILED DESCRIPTION OF THE INVENTION

[0012] One object of the invention is to increase biocom-
patibility of mesh implants, in particular by reducing and
minimizing adhesion formation during surgical recovery.
Industry supplies various kinds of anti-adhesive barriers
which can be inserted into the abdominal cavity separately
and then cover regenerating tissue or implants in general. This
approach has vet gained no acceptance for the fixation of
mesh implants, mostly because of the technical difficulties to
fixate the barriers to the mostly porous meshes. The use of any
perforating tool for the purpose of attaching the anti-adhesive
barrier to the mesh would contradict the desired advantage of
creating one smooth anti-adhesive layer. Adhesives or glues
surprisingly proved to be excellent agents to fixate antiadhe-
sive barriers to the mesh and cover underlying fixation
devices because it allows three dimensional sealing, a reduc-
tion of dead space between peritoneum and anti-adhesive
barrier (leading to a reduced incidence of seromas) and can
also be used to reduce the number of fixation devices as well
(if used to fixate the mesh implant itself onto the tissue sur-
face). A smaller number of tacks and sutures translates to a
decreased risk of perforating nerves, vessels or bowel, even-
tually reducing the risk of complications.

[0013] Thus, the present invention provides a method of
fixating a mesh implant to a tissue of a subject comprising
attaching the mesh implant to said tissue, covering the mesh
implant by an antiadhesive barrier, wherein the antiadhesive
barrier is attached to the mesh implant by a biocompatible
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adhesive. Attaching the antiadhesive barrier onto the mesh
results in an increased biocompatibility and reduced the risk
of postoperative adhesion formation. Therefore, also pro-
vided is a method of reducing the risk of adhesion formation
after surgery to a mesh implant in a subject comprising attach-
ing the mesh implant to a tissue of the subject and covering the
mesh implant by an antiadhesive barrier, whereby the risk is
reduced. As those skilled in the art can readily recognize, all
preferred or further embodiments can be read on both meth-
ods which are easily combinable.

[0014] Antiadhesive barriers prevent direct contact of the
mesh and intraperitoneal organs. Combining one type of
mesh with a different antiadhesive barrier providing a barrier
between implant and any opposing tissues until the mesh is
covered by neomesothelium, prevents further complications.
Contrary to the antiadhesive barrier, the mesh implant
remains at the site and may eventually integrate into the tissue
onto which it is fixed. This fixation can be by any known
means including using mechanical fixation by sutures. Anti-
adhesive barriers can be fixed to the mesh in a new atraumatic
way by the use of the bioresorbable adhesive, e.g. slow clot-
ting fibrin sealant.

[0015] The “mesh implant” is a prosthesis to be attached to
a tissue. It is preferably biocompatible to the subject, does
usually not provoke an immune response and is suitable for
integration. Usually such a mesh implant is of a flexible
polymer used to physically strengthen the tissue. Mesh
implants are generally known in the art, e.g. in the WO 2006/
102477, and are commercially available such as Vitamesh®
(Proxy Biomedics, Ireland), a polypropylene mesh. Further
mesh materials include polyesters, and polytetrafluoroethyl-
ene (PTFE). In its fixed state one side of the mesh implant will
face the tissue and another side the antiadhesive barrier (to
prevent adhesion formation on this side of the mesh). A mesh
1s usually in form of a porous sheet or foil, in particular of a
woven structure. It may have pore sizes of 0.1 mm up to 15
mm.

[0016] The“meshimplant”includes meshes as available on
the market as well as so called “self adhesive” meshes, e.g.
including an adhesive on the mesh itself.

[0017] “Antiadhesive barrier” as used herein refers to a
sheet material which does not provoke or limit adhesion for-
mation with regenerating tissue. It is usually continuous,
laminar or non-porous. The antiadhesive barrier, synonymous
with antiadhesive layer or antiadhesive foil, may be in contact
to nearby organs but shall remain unattached after surgery,
including the 5-10 day postoperative period in which adhe-
sions usually form (of course, only if not artificially attached).
One side will face the mesh implant and its opposing side
faces away from the tissue into any body cavity or any interior
or exterior space depending on the tissue type. In order to
completely cover the mesh implant, the borders of the anti-
adhesive barrier can be fixed or sealed to the same tissue onto
which the mesh implant is fixed. In order to avoid unneces-
sary irritants and corners on the barrier, it might be provided
in form of a single sheet. Commercially available antiadhe-
sive barriers include SurgiWrap® (Mast Biosurgery, USA)—
an amorphous bioresorbable copolymer of 70:30 poly(L-lac-
tide-co-D,L-lactide), Prevadh® (Covidien, USA)—a
hydrophilic smooth and continuous film of a hemostatic col-
lagen sponge, one side being of smooth and non-porous
bovine oxidized type-1 atelocollagen, and Seprafilm® (Gen-
zyme, USA)—a negatively charged polymer of hyaluronate
and carboxymethylcellulose.
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[0018] The antiadhesive barrier may be a foil or membrane
in order to allow coverage of the mesh implant. In this case,
the antiadhesive barrier may be slightly larger than the mesh
implant.

[0019] The antiadhesive barrier can be bioresorbable to
allow automatic removal after the mesh implant has inte-
grated into the tissue and no further protection from adhesion
formation 1s necessary.

[0020] The bioresorbability can be between 4 and 60 days,
in general the barrier can be fully resorbed after 4 days, after
7 days, after 14 days or more. In further embodiments the
bioresorption can take up to 6 months, up to 2 months, up to
8 weeks orup to 20 days. For example the antiadhesive barrier
may comprise a biopolymer, a polysaccharide, e.g. a nega-
tively charged polysaccharide, hyaluronic acid, cellulose, a
cellulose derivative, such as e.g. methylcellulose, carboxym-
ethylcellulose, oxidized cellulose or oxidized regenerated
cellulose; polylactic acid (PLA), poly(L-lactide-co-D,[-lac-
tide), type-1 atelocollagen, collagen, poly(lactic-co-glycolic
acid) (PLG), polyglactin or mixtures thereof or a natural
biologic membrane like amnion, small intestinal submucosa,
skin (including processed skin) or mixtures thereof or a non-
resorbable biocompatible membrane, e.g. polytetrafluoroet-
hylene.

[0021] The main purpose of the antiadhesive barrier is to
cover the mesh implant so that the side of the mesh implant
facing away from the tissue onto which it is fixed (e.g. also
any mechanical fixation devices) is (are) not exposed to any
other tissues, optionally also other body fluids, during the
period of adhesion formation, usually 5-10 days after a sur-
gical operation. To this purpose the antiadhesive barrier can
also be tightly sealed to the tissue onto which the mesh
implant is fixed to reduce the risk of any further ingrowth into
any possible gaps. The possibility of tightly sealing the anti-
adhesive barrier is a particular advantageous aspect of the use
of the inventive biocompatible adhesive. Of course, it shall be
understood that the biocompatible adhesive might be
degraded and the covered or sealed state of the implant is not
the permanent state to be achieved but only the protection
during the regenerative processes.

[0022] The “biocompatible adhesive”, also referred to as
biocompatible glue, is a material that is applied to two sur-
faces for attachment. It is usually applied in fluid state and
solidifies to a solid or semi-solid (including gel) state for
attachment. The biocompatible adhesive should not be con-
fused with any adhesives naturally formed by the subjects
body, e.g. in response to surgery. These naturally forming
adhesives shall remain detached from the antiadhesive barrier
whereas the biocompatible adhesive is a material that is arti-
ficially used to adhere the antiadhesive barrier to the mesh
implant—or alternatively or additionally to the tissue onto
which the mesh is fixed (e.g. the antiadhesive barrier can
envelope the mesh implant on one side). The biocompatible
adhesive can be any compound that is compatible or biologi-
cally acceptable to the subject and may not provoke an
immune response. Such biocompatible adhesives can be
biopolymers that may be applied as polymer-precursors that
can be induced to polymerize in situ. If mechanical means are
included then preferably no protrusions extend through the
antiadhesive barrier onto the opposing side to the mesh facing
side.

[0023] The biocompatible adhesive may be provided as
such, or present on a foil or on a mesh implant.
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[0024] The biocompatible adhesive may comprise at least
two components, which are either premixed and applied or
mixed upon application. Upon mixture of the component, the
solidification process initiates. If premixed the adhesive usu-
ally stay in the fluid state long enough to allow its application
onto to surgical site. In another embodiment the sealant com-
ponents are preapplied to the barrier, which upon contact with
tissue will react and seal (=selfadherent barrier). The biocom-
patible adhesive may comprise natural polymers or polymer-
izable compounds, in particular such as fibrinogen and/or
thrombin. One possible type of adhesives are fibrin sealants,
which can fixate the antiadhesive barrier due to a clotting
reaction. Examples of a suitable fibrin sealant are Tissucol®
or Artiss® (Baxter Biosciences, Vienna). Depending on the
type of operation, fast or slow clotting fibrin sealants can be
used. For longer surgical adaptions usually slow clotting seal-
ants are used. The biocompatible adhesives can be bioresorb-
able (or biologically degradable). Adhesions generally form
seven to ten days postoperatively. After its main function,
holding the antiadhesive barrier in place long enough until
this phase passes, the biocompatible adhesive may be
removed by natural body function. Thus adhesives may be
used which are removed (or biodegraded) e.g. after 4 days,
after 7 days, after 14 days or more. In further embodiments
the removal or bioresorption can take up to 6 months, up to 6
weeks, up to 25 days orup to 20 days. The subject may be any
(nonhuman) animal or a human with a potential requirement
for a mesh implant. In some embodiments said subject is a
vertebrate. Furthermore, the subject may be a bird or a mam-
mal, in particular selected from primates, horse, cow, camel,
dog, cat, sheep, goat, rodents, including rat, mouse, hamster,
rabbit.

[0025] The tissue might be any tissue that needs physical
strength or support. Such a tissue might be e.g. lining of a
body cavity, in special embodiments the tissue can be a mem-
ber of the abdominal wall of said subject. The mesh implant
shall have a tensile strength sufficient to support a given
tissue. E.g. for the abdominal wall of a human tensile
strengths may be required to resist 150 mm Hg (the intra-
abdominal pressure during coughing). Possible tensile
strengths can be to withstand 100 mm Hg, 150 mm Hg, 200
mm Hg, 250 mm Hg depending on the subject and tissue. The
abdominal wall comprises different layers, including the peri-
toneum, the fascia transversalis, muscle tissue and an outer
layer of fascia onto which the mesh implant might be fixed. In
special embodiments the mesh implant is fixed to the ventral
side of the tissue. E.g. the mesh implant can be placed intra-
peritoneal.

[0026] Usually such a mesh implant is used to treat an
injury of the tissue such as a rupture. The mesh implant can
cover this injury or rupture in order to prevent any adverse
reactions such as a protrusion of tissue through the rupture.
Such a rupture might be in any possible tissue, e.g. of the
abdominal wall, such as a muscle tissue or in a membrane.

[0027] The treated condition, e.g. the injury, of the tissue
can be a hernia. Examples of hernias are umbilical hernias—
resulting in a protrusion of intraabdominal contents through a
weakness at the site of passage of the umbilical cord through
the abdominal wall—and incisional hernias, which might be
adefect as a result of an incompletely healed surgical wound,
such as after median laparotomy (ventral hernias). Other
types of hernias are inguinal hernia, femoral hernia, diaphrag-
matic hernia, epigastric hernia, lumbar hernia, Littre’s hernia,
obturator hernia, paraumbilical hernia, perineal hernia, pro-
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peritoneal hernia, Richter’s hernia, sliding hernia, sciatic her-
nia, spigelian hernia, sports hernia, Velpeau hernia and spinal
disc hernia. The present invention provides a method to mini-
mize and even prevent adhesion formation after intraperito-
neal onlay placement of hernia meshes by covering the mesh
with a localized antiadhesive barrier. The barrier can be a
preformed antiadhesive foil to be fixed to hernia meshes
without the need of mechanical fixation devices, which are by
itself inducers of adhesion formation.

[0028] The mesh implant can be attached to said tissue by
any known means, including by mechanical fixation devices.
Said antiadhesive barrier can also cover said mechanical fixa-
tion device. Such mechanical fixation devices are e.g. sutures,
tacks, (endo)anchors or staples. Depending on the size of the
mesh implant it is also conceivable that the mesh implant
itself is fixed by a biocompatible adhesive, such as a fibrin
sealant as disclosed above. After the mesh implant is fixed
onto the tissue, the antiadhesive barrier is applied onto the
mesh. Itis also possible to apply the antiadhesive barrier onto
the mesh simultaneous with the fixation of the mesh onto the
tissue. In particular preferred embodiments the antiadhesive
barrier is sealed to the mesh with the biocompatible adhesive.
The biocompatible adhesive can be applied onto the antiad-
hesive barrier by e.g. spraying. The application (of the adhe-
sive but also the mesh and barrier) can be through an open
incision or by laparoscopy. It is possible to place the mesh in
onlay, inlay, sublay, but in particular by intraperitoneal onlay
mesh technique.

[0029] Furthermore the invention relates to a meshimplant,
antiadhesive barrier and a biocompatible adhesive, respec-
tively, for use in any inventive method. In this aspect the use
of a mesh implant or antiadhesive barrier for the manufacture
of a surgical device is included for any method, as well as the
use of the biocompatible adhesive for the manufacture of a
pharmaceutical preparation for any inventive method. To be
used in a surgical method these products are preferably ster-
ile.

[0030] In another aspect the present invention relates to a
kit comprising an antiadhesive barrier and a biocompatible
adhesive, optionally a mesh implant, and instructions for its
use. The kit may be used for any inventive method, in par-
ticular a method of fixating a mesh implant to a tissue of a
subject comprising attaching said mesh implant to said tissue,
covering said mesh implant by an antiadhesive barrier,
wherein said antiadhesive barrier is attached to said mesh
implant by a biocompatible adhesive, and instructions for
said method. This method may be any method or embodiment
as described herein.

[0031] Inanother aspect the present invention relates to the
use ofa biocompatible adhesive for fixating a mesh implant to
a tissue of a subject comprising attaching said mesh implant
to said tissue, covering said mesh implant by an antiadhesive
barrier, wherein said antiadhesive barrier is attached to said
mesh implant by a biocompatible adhesive.

[0032] The present invention is further exemplified by the
following examples without being limited thereto.

[0033] The following abbreviations are used:

[0034] AM amniotic membrane
[0035] BW body weight
[0036] FS fibrin sealant
[0037] ip intraperitoneal
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[0038] sc subcutaneous
[0039] VM Vitamesh®
EXAMPLES
Example 1
Use of an Anionic Polysaccharide

[0040] Male Sprague Dawley rats, weighing 400-500 g are
used.

[0041] A macroporous, middleweight polypropylene mesh

is used in the trial. This mesh should not be used intraabdomi-
nally without antiadhesive barriers. Polypropylene mesh only
serves as control group.

[0042] The antiadhesive barrier tested in combination with
VM consists of anionic polysaccharides (Seprafilm®). The
choice of the antiadhesive barrier is based on experimental
and clinical studies showing an antiadhesive effect and good
biocompatibility of the materials as well as on their availabil-
ity to be purchased separately.

[0043] Observation time is 30 days to assure completed
wound healing in order to be able to examine tissue integra-
tion and long-term complications like seroma and adhesion
formation. Surgery is performed under sterile conditions.
[0044] Rats are anaesthetized with an ip injection of 110
mg’kg BW of Ketavet® (Ketamine-hydrochloride 100
mg/ml, Pharmacia, Germany) and 12 mg/kg BW of Rom-
pun® (Xylazine-Hydrochloride, Bayer, Germany) and
receive an sc injection of 0.07 m1/400 g BW of Butomidor®
(Butorphanol, Richter Pharma, Austria) preoperatively to
reduce visceral pain.

[0045] Thebelly is thoroughly shaved and skin disinfection
is performed. Subsequently, the skin is incised with a scalpel
and the subcutaneous fat tissue is bluntly detached from the
abdominal muscles. A transverse U-shaped laparotomy is
made in the upper third of the abdomen, beginning and ending
about 1.5 cm above the inguinal region. The abdominal wall
is flipped caudally, exposing the peritoneum and allowing a
clear view on the implant site. This model has been described
previously (Petter-Puchner et al., J. Surg. Res. 150(2)(2008):
190-195).

[0046] One mesh per animal (VM 2x2 cm) is placed on the
peritoneum in a midline position. A distance of at least 1 cm
from the laparotomy wound is ensured. VM is fixed with 4
non-resorbable sutures (Synthofil® 4/0, Ethicon, Germany)
to the abdominal wall. An antiadhesive barrier of 2.5%2.5 cm
is placed on the visceral side of the implant and fixed to the
mesh with FS (Artiss®, a slow solidifying version of Tisseel,
Baxter Bioscience, Austria). The mesh and the peritoneum
within 2 mm of the implant were covered with 0.2 ml of FS
and according to randomization a patch of Seprafilm® is
placed on this area. FS is applied with the EasySpray® sys-
tem (Baxter Bioscience, Vienna). The spray application
allows the delivery of an equally thin layer of FS. The anti-
adhesive barrier size of 2.5x2.5 ¢cm provides sufficient over-
lap of mesh borders as well as sutures. To assure full FS
polymerization the abdominal flap is closed not before 5
minutes after antiadhesive barrier placement. Meshes and
sutures are not covered in the control group. The skin incision
is closed in anatomical layers and 1 ml of physiological saline
as well as 0.07 ml/400 g BW of Metacam® (Meloxicam,
Boehringer Ingelheim, Germany) is administered sc.

[0047] Analgesic treatment is routinely supplied once daily
for 3 days postoperatively by sc application of Metacam®
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0.07 ml/400 g BW. Animals are checked daily for signs of
infection, seroma- or abscess formation.

[0048] Rats are sacrificed in deep anaesthesia and preop-
erative analgesia 30 days postoperative by an intracardial
injection of 1 ml of Thiopental® (Sandoz, Austria). The scor-
ing of adhesion formation, tissue integration, seroma forma-
tion and inflammation are performed post mortem.

Example 2
Use of a Collagen Membrane

[0049] The setup is the one as described in Example 1, but
the antiadhesive barrier tested in combination with VM con-
sists of atelocollagen type 1 (Prevadh®).

Example 3
Use of Amniotic Membrane

[0050] Besides the various commercially available antiad-
hesive barriers which are specifically designed for the com-
bination with synthetic hernia meshes, preliminary findings
indicate a potential of sealed AM for this indication. Due to
the biomechanical characteristics of AM, the technical diffi-
culties concerning application to the mesh and fixation are
similar to the use of other organic barriers and coatings.
[0051] The efficacy of FS to securely fit and fix AM to a
polypropylene mesh in our previously published [POM
model in rats (n=14). The AM is checked for vitality prior to
implantation and pre-cut to squares of 2x2 cm. These samples
are attached to VM by means of 0.2 ml Artiss (4 1.U.) each.
The mesh is additionally fixated with 4 corner sutures.
[0052] Antiadhesive properties of AM are shown and AM is
securely attached to the mesh after an observation period of
14 days. FS is fully degraded and neovascularisation is
detected histologically. Our preliminary findings suggest that
vital AM might be more susceptible to rapid integration into
the abdominal wall than other barriers tested.

[0053] The advantages of the FS fixation to the mesh
include the preservation of the integrity of AM, an enhanced
integration of the mesh and a rapid incorporation of AM as
well as the reduction of perforating fixation devices.

Parameter Evaluation

[0054] Adhesion formation as well as tissue integration,
seroma formation and inflammation are evaluated. Each
mesh is scored by two investigators unaware of the randomi-
sation at evaluation In case of discrepancies between observ-
ers the worse score is accepted. The scores using an A (no), B
(modest) to C (severe alteration) scale have previously been
reported in studies on biomeshes and synthetic meshes (Pet-
ter-Puchner et al., J. Surg. Res. supra (2008)).

[0055] Percental adhesion-coverage of mesh surface
(PAM): is gathered by evaluating the percentage of adhesion-
covered mesh surface in situ by placing a grid of 2x2 cm side
length and 16 squares of 0.0625 cm? each over the mesh and
counting the number of squares coveringadhesions. Burger et
al. have considered this method appropriate in an experimen-
tal study on eight different meshes for ventral hernia repair.
(Burger et al., Surg Endosc 20 (2006): 1320-1325).

[0056] Statistical Analysis

[0057] To check for differences between the groups an
analysis of variances (ANOVA) is performed of the outcome
parameters. For ANOVA “score results” are used as depen-
dent variable and “group” serve as independent factor. Post-
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hoc pair wise comparisons are performed by the method of
Tukey in order to identify the groups showing statistically
different results. A p-value p<0.05 is considered to indicate
statistical significance.

Discussion

[0058] A growing body of literature exists about the main
complications related to IPOM, e.g. adhesion and seroma
formation, impaired functionality and chronic pain. Among
the continuously newly released products to target these prob-
lems antiadhesive barriers are produced to cover synthetic
meshes and fixation devices in the intraabdominal position to
shield the mesh from direct contact with intraabdominal
organs.

[0059] The present invention provides an evaluation of the
efficacy and safety of a new antiadhesive barrier-fixation
technique: the atraumatic fixation of antiadhesive barrier to
the mesh using FS, which is successfully used for mesh
fixation in inguinal and incisional hernia repair. Previously
sutures or tacks were required to attach an antiadhesive bar-
rier to the mesh. These devices provide a punctual fixation of
the antiadhesive barrier with the risk of herniation of bowel
loops between antiadhesive barrier and mesh as well as the
risk of cutting through the antiadhesive matrices. The intra-
operative handling of FS is convenient. Antiadhesive barriers
are attached to mesh and peritoneum. Although most of the
antiadhesive barriers had dissolved at the time of evaluation,
our results show a significant antiadhesive effect in 2 of 3
treatment groups. Surprisingly, FS is an excellent option to
safely keep antiadhesive barriers in place by creating a 3-di-
mensional contact area between antiadhesive barrier, mesh
and fixation devices. Furthermore, the FS fixation of antiad-
hesive barriers allows the coverage of “hot spots” for adhe-
sion formation, e.g. sutures, tacks and mesh margins, what
presents a distinct advantage to perforating fixation devices,
protruding into the abdominal cavity. Macroscopical and his-
tological results underline the safety of the technique by the
lack of seroma or infection and the moderate inflammatory
response.

[0060] Furthermore, the invention illustrates the antiadhe-
sive efficacy and tissue integration of different antiadhesive
barriers in combination with a polypropylene mesh, which is
used as an example, but other porous meshes are equally
suited. The antiadhesive barriers tested differ substantially in
terms of degradation times, handling properties and costs.
[0061] Concerning adhesion prevention, the good results in
terms of antiadhesive efficacy are achieved. Consulting lit-
erature the antiadhesive effect of antiadhesive barriers seems
to be most efficient until wound healing is completed. For
peritoneal defects time of healing has been shown to be
approximately 10 days.

[0062] Concerning the secondary outcome parameters
there is no seroma observed in this trial, which could be
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explained by the lack of a large hernia sac as well as by theuse
of FS, which is a potent agent in the prevention of seroma
formation in TPOM repair. No undesirable inflammation
occurs at the implant site and a moderate foreign body reac-
tion is seen in histological examination.

[0063] In conclusion, it was surprisingly found that bio-
compatible adhesives, such as FS, are excellent agents for
antiadhesive barrier fixation. The attachment of antiadhesive
barriers to a macroporous mesh by the means of FS allows a
3 dimensional coverage of the whole implant and all kinds of
fixation devices (including tacks and anchors.

1. A method of fixating a mesh implant to a tissue of a
subject comprising attaching said mesh implant to said tissue,
covering said mesh implant by an antiadhesive bartier,
wherein said antiadhesive barrier is attached to said mesh
implant by a biocompatible adhesive.

2. The method of claim 1, wherein said antiadhesive barrier
is a foil or membrane.

3. The method of claim 1, wherein said antiadhesive barrier
comprises a biopolymer, a polysaccharide, hyaluronic acid,
cellulose, cellulose, a cellulose derivative, polylactic acid,
poly(L-lactide-co-D,L-lactide), type-1 atelocollagen, col-
lagen, poly(lactic-co-glycolic acid), polyglactin or mixtures
thereof or a natural biologic membrane like amnion, small
intestinal submucosa, skin or mixtures thereof or a non-re-
sorbable biocompatible membrane.

4. The method of claim 1, wherein said biocompatible
adhesive comprises at least two components, which are either
premixed and applied or mixed upon application.

5. The method of claim 1, wherein said biocompatible
adhesive comprises natural polymers, fibrinogen and/or
thrombin.

6. The method of claim 1, wherein said biocompatible
adhesive is applied onto said antiadhesive barrier by spraying,
in an open incision or by laparoscopy.

7. The method of claim 1, wherein the the antiadhesive
barrier is applied onto said mesh simultaneous with the fixa-
tion of the mesh onto said tissue.

8. A method of reducing the risk of adhesion formation
after surgery to a mesh implantin a subject comprising attach-
ing said mesh implant to a tissue of the subject and covering
said mesh implant by an sealed antiadhesive barrier, whereby
said risk is reduced.

9. The method of claim 8, wherein said mesh implant is
attached to said tissue by a mechanical fixation device and
said antiadhesive barrier also covers said mechanical fixation
device.

10. Kit comprising an antiadhesive barrier and a biocom-
patible adhesive, optionally a mesh implant, and instructions
for its use.
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