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(57) ABSTRACT 

Described herein are tissue repair implants that include a first 
or lower layer of peritoneal membrane and a Support member. 
The implants can further include an upper layer of peritoneal 
membrane, and the Support member can reinforce the two 
layers of peritoneal membrane. For example, the Support 
member can be located between the lower layer of peritoneal 
membrane and the upper layer of peritoneal membrane. The 
Support member can be encapsulated between the two layers 
of peritoneal membrane to attach the two layers of peritoneal 
membrane to the Support member. The Support member can 
be made from a non-biological synthetic material mesh with 
a plurality of openings extending therethrough. Either of the 
layers of peritoneal membrane and/or the Support member 
may be attached to a wall (e.g., an interior wall) of an abdomi 
nal tissue. Either of the layers of peritoneal membrane may be 
remodelled by in-growth of tissue. 
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TSSUE REPAIR IMPLANT 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. This application claims the benefit of the priority 
date of U.S. Application No. 61/048.812, which was filed 
Apr. 29, 2008. The content of this prior application is hereby 
incorporated by reference in its entirety. 

TECHNICAL FIELD 

0002 This invention relates to a tissue repair implant and 
more particularly to a tissue repair implant that includes a 
layer of peritoneal membrane and a Support member to rein 
force the layer of peritoneal membrane. 

SUMMARY 

0003. According to the invention there is provided a tissue 
repair implant comprising a layer of peritoneal membrane 
and a Support member to reinforce the layer of peritoneal 
membrane. 
0004. The layer of peritoneal membrane acts to prevent 
adhesion of internal organs or tissue structures and acts as a 
native peritoneum remodelling template. By providing the 
Support member, this arrangement increases the mechanical 
strength of the implant. 
0005 According to the invention, there is provided a tissue 
repair implant that includes one or more layers of peritoneal 
membranes and/or one or more layers of tissues that include 
peritoneal membranes. Whether the implant includes a peri 
toneal membrane per se, tissue that includes a peritoneal 
membrane, or both, the implant can further include a Support 
member that reinforces the peritoneal membrane. 
0006. The peritoneal membrane is made of a thin layer of 
epithelial cells, which is called mesothelium because the epi 
thelial cells are of mesodermal origin. The mesothelium is 
Supported by a thin layer of connective tissue, and the 
implants of the invention can include the peritoneal mem 
brane, or mesothelium, alone or supported by the connective 
tissue with which it is naturally associated. In either event, the 
implant can include a Support member, as described further 
below. As noted, the implant can also include one or more 
layers of tissues that include peritoneal membranes. When 
harvested from the abdominal wall of an animal (e.g., a warm 
blooded vertebrate), the tissue can include the peritoneal 
membrane, associated connective tissue. Such as adipose tis 
Sue, and it may also include muscle cells, other cells (e.g., 
immune cells or bacteria) and fascia (e.g., two fascia layers). 
Prior to incorporation into the implant, the tissue can be 
processed to remove Some or essentially all of the associated 
cells, including muscle cells, bacterial cells, and fat cells. The 
post-harvesting processing can also include a screen for 
agents such as viruses (e.g., Hepatitis B) and/or cleansing or 
sterilization of the tissue to remove infectious agents. After 
processing of the tissue, the fascia can remain to enhance 
mechanical strength. For example, two layers of fascia can 
merge or be compressed into a single layer of fascia that 
enhances the mechanical strength of the peritoneal membrane 
along both axes. Processing can also increase the collagen 
content or concentration and reduce the levels of toxins rela 
tive to the amounts present before harvesting. 
0007. The support member is, or can include, a biological 
material (e.g., a biological material that is not derived from or 
naturally part of the peritoneum; a non-peritoneum biological 
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material). The Support member can also be, or include, a 
non-biological material. For example, the Support member 
can be a synthetic material. 
0008. In one embodiment, of the invention the support 
member comprises a biological material. The Support mem 
ber may comprise a non-peritoneal biological material. 
0009. In another embodiment, the support member com 
prises a non-biological material. The Support member may 
comprise a synthetic material. The synthetic material Support 
member provides permanent reinforcement while the perito 
neal membrane Supports the native tissue remodeling over 
time. 
0010. The support member may comprise a biodegradable 
material. The Support member may comprise a non-biode 
gradable material. 
0011. In one case, the implant comprises means to attach 
the layer of peritoneal membrane to the support member. The 
implant may comprise a laminate of the layer of peritoneal 
membrane and the Support member. The Support member 
may be at least partially encapsulated in the peritoneal mem 
brane. The implant may comprise a first layer of peritoneal 
membrane and a second layer of peritoneal membrane. The 
support member may be located between the first layer of 
peritoneal membrane and the second layer of peritoneal 
membrane. The Support member may comprise one or more 
openings extending at least partially therethrough. The Sup 
port member may comprise a mesh. The layer of peritoneal 
membrane may extend at least partially through the opening 
of the Support member to attach the layer of peritoneal mem 
brane to the Support member. The Support member may com 
prise means to grip the layer of peritoneal membrane extend 
ing at least partially through the opening. The attachment 
means may comprise a Suture element, and/or a staple ele 
ment. The attachment means may comprise an adhesive bond. 
The layer of peritoneal membrane may be lyophilised to the 
Support member. 
0012. In another case, the layer of peritoneal membrane is 
configured to be remodelled by in-growth of tissue. The layer 
of peritoneal membrane may comprise means to promote 
in-growth of tissue. The layer of peritoneal membrane may 
promote in-growth of tissue through the nature of the perito 
neal membrane and through a plurality of pores. The layer of 
peritoneal membrane may comprise a plurality of pores. 
0013. In one embodiment, the layer of peritoneal mem 
brane and/or the Support member is configured to be attached 
to a tissue wall. The layer of peritoneal membrane and/or the 
Support member may be configured to be attached to an 
interior wall of an abdominal tissue. The implant may com 
prise means to attach the layer of peritoneal membrane and/or 
the Support member to a tissue wall. The implant may allow 
attachment of the layer of peritoneal membrane and/or the 
Support member to a tissue wall. The fastener or attachment 
means may comprise a Suture element, and/or a staple ele 
ment. 

0014. In another embodiment, the implant is configured to 
treat an abdominal hernia repair, and/or a pelvic floor rein 
forcement, and/or a vaginal reconstruction, and/or a uterine 
wound cover, and/or a colorectal application, and/or a uro 
logical application, and/or a gynaecological application. For 
Some applications the strength requirement of the implant 
may be greater Such as for prolapse repair. The shape of the 
implant may be pre-defined to Suit the shape of an abdominal 
cavity. The shape of the implant may be pre-defined to suit the 
shape of an area of application. 
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0015. In another case the implant is movable between a 
delivery configuration and a deployment configuration. The 
implant may be substantially collapsed in the delivery con 
figuration. The implant may be substantially expanded in the 
deployment configuration. The implant may comprise means 
to bias the implant towards the deployment configuration. 
The biasing means may comprise a biodegradable material. 
0016. In one embodiment, the layer of peritoneal mem 
brane is derived from a segment of an abdominal wall of a 
warm blooded vertebrate. The layer of peritoneal membrane 
may be delaminated from the abdominal wall of the warm 
blooded vertebrate. The layer of peritoneal membrane may 
comprise an allograft membrane derived from a human 
donor. The layer of peritoneal membrane may comprise a 
xenograft membrane derived from an animal. The layer of 
peritoneal membrane may comprise a Xenograft membrane 
derived from a bovine or porcine source. The layer of perito 
neal membrane may comprise a porcine membrane derived 
from a sow. The porcine peritoneal membrane may be derived 
from a Sow population of screened donors. The layer of peri 
toneal membrane may comprise a bovine or porcine mem 
brane. The layer of peritoneal membrane may be decellu 
larised. The layer of peritoneal membrane may be 
lyophilised. 
0017. In another aspect of the invention there is provided a 
tissue implant for treating abdomino-pelvic defects, the tissue 
implant comprising: a Support member for engaging, attach 
ing, and remodelling with an inside and/or organ contacting 
surface of an abdomino-pelvic wall; and a layer of peritoneal 
membrane attached to the Support member, the layer of peri 
toneal membrane covering the Support member to prevent the 
formation of adhesions between the Support member and one 
or more organs. 
0018. The invention also provides in a further aspect an 
apparatus for grafting and/or repairing an abdominal wall, the 
abdominal wall having an inside Surface that defines a cavity 
for containing the internal organs, the apparatus comprising: 
a prosthetic Support and/or reinforcement member having 
inner and outer Surfaces, the outer Surface for engaging and 
adhering to the inside surface of the abdominal wall: and a 
layer of biologic tissue being attached to the inner Surface of 
the prosthetic reinforcement, the layer of biologic tissue 
extending over a portion of the inwardly facing Surface of the 
prosthetic reinforcement to provide resistance to adhesion 
formation and internal organ attachment as wound healing 
and tissue in-growth into the prosthetic reinforcement occurs; 
the layer of biologic tissue being selected from a group con 
sisting of peritoneal tissue. 
0019. According to the invention there is provided a tissue 
repair implant comprising a membrane of peritoneal tissue. 
0020. The implant assists in tissue repair by providing 
additional mechanical strength to the abdominal wall. For 
example, in the case of a wound opening by covering the 
wound opening with the implant. The in-growth of Surround 
ing abdominal wall tissue into the implant further improves 
the wound healing. 
0021. The implant will come into contact with the bowel 
and internal organs. The peritoneal tissue acts to minimise or 
discourage organ adhesion to the implant. 
0022. In one embodiment, of the invention the membrane 
of peritoneal tissue is configured to be attached to an interior 
wall of an abdominal tissue. Preferably the implant comprises 
means to attach the membrane of peritoneal tissue to an 
interior wall of an abdominal tissue. The attachment means 
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may comprise a Suture element, and/or a staple element. Most 
preferably the implant is configured to treat an abdominal 
hernia repair, and/or a pelvic floor reinforcement, and/or a 
vaginal reconstruction, and/or a uterine wound cover, and/or 
a colorectal application, and/or a urological application, and/ 
or a gynecological application. 
0023. In one case, the shape of the implant is pre-defined 
to Suit the shape of an abdominal cavity. 
0024. In another embodiment, the membrane of peritoneal 
tissue is derived from a segment of an abdominal wall of a 
warm blooded vertebrate. Preferably the membrane of peri 
toneal tissue is delaminated from the abdominal wall of the 
warm blooded vertebrate. The membrane of peritoneal tissue 
may comprise an allograft membrane derived from a human 
donor. The membrane of peritoneal tissue may comprise a 
xenograft membrane derived from an animal. Preferably the 
membrane of peritoneal tissue comprises a bovine or porcine 
membrane. 
0025. In another case the membrane of peritoneal tissue is 
sterilised. Preferably the membrane of peritoneal tissue is 
lyophilised. 
0026. In one embodiment, the implant comprises a Sup 
port member to reinforce the membrane of peritoneal tissue. 
In the case where there is large strength requirement, for 
example in the case of a large opening during hernia repair, 
the Support member provides additional strength. In the case 
where there is less or no load bearing, for example in colorec 
tal or women's health applications, the Support member may 
not be required. Preferably the support member comprises a 
mesh. The Support member may comprise a non-biological 
material. The Support member may comprise a synthetic 
material. The Support member may comprise a biodegradable 
material. 
0027. In one case, the implant comprises means to attach 
the membrane of peritoneal tissue to the Support member. 
Preferably the support member is at least partially encapsu 
lated in the membrane of peritoneal tissue. The implant may 
comprise a first membrane layer of peritoneal tissue and a 
second membrane layer of peritoneal tissue. Most preferably 
the support member is located between the first membrane 
layer of peritoneal tissue and the second membrane layer of 
peritoneal tissue. 
0028. In another embodiment, the support member com 
prises at least one opening extending at least partially there 
through. Preferably the membrane of peritoneal tissue 
extends at least partially through the opening of the Support 
member to attach the membrane of peritoneal tissue to the 
Support member. The Support member may comprise means 
to grip the membrane of peritoneal tissue extending at least 
partially through the opening. 
0029. In another case the attachment means comprises a 
Suture element, and/or a staple element. The membrane of 
peritoneal tissue may be bonded to the support member. The 
membrane of peritoneal tissue may be lyophilised to the 
Support member. The membrane of peritoneal tissue may be 
attached to the Support member by means of electrospinning. 
0030. In one embodiment, the implant is configured to 
carry one or more biologically active agents. Preferably the 
membrane of peritoneal tissue is configured to carry one or 
more biologically active agents. 
0031. In one case, the implant is movable between a deliv 
ery configuration and a deployment configuration. Preferably 
the implant is Substantially collapsed in the delivery configu 
ration. The implant may be substantially expanded in the 
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deployment configuration. Most preferably the implant com 
prises means to bias the implant towards the deployment 
configuration. The biasing means may comprise a biodegrad 
able material. 
0032. In another aspect of the invention there is also pro 
vided a method of preparing a tissue repair implant of the 
invention. 
0033. In one embodiment, of the invention the method 
comprises the step of shaping the implant to Suit the shape of 
an abdominal cavity. 
0034. In one case, the method comprises the step of deriv 
ing the membrane of peritoneal tissue from a segment of an 
abdominal wall of a warm blooded vertebrate. 
0035. In another embodiment, the method comprises the 
step of sterilising the membrane of peritoneal tissue. 
0036. In another case the method comprises the step of 
attaching the membrane of peritoneal tissue to a Support 
member. Preferably the method comprises the step of at least 
partially extending the membrane of peritoneal tissue through 
an opening of the Support member. The membrane of perito 
neal tissue may be drawn through the opening of the Support 
member. The membrane of peritoneal tissue may be pushed 
through the opening of the Support member. The membrane 
of peritoneal tissue may be extended through the opening of 
the support member by application of a pressure differential. 
The membrane of peritoneal tissue may be extended through 
the opening of the Support member by application of a 
mechanical force. 
0037. In one embodiment, the method comprises the step 
of at least partially encapsulating the Support member in the 
membrane of peritoneal tissue. The membrane of peritoneal 
tissue may be bonded to the support member. The membrane 
of peritoneal tissue may be lyophilised to the Support mem 
ber. The membrane of peritoneal tissue may be attached to the 
Support member by means of electrospinning. 
0038. The invention also provides in a further aspect a 
method of repairing tissue, the method comprising the step of 
attaching a membrane of peritoneal tissue to an interior wall 
of the tissue. 
0039. In one embodiment, of the invention the method 
comprises a method of repairing an abdominal tissue. The 
method may comprise a method of treating an abdominal 
hernia repair, and/or a pelvic floor reinforcement, and/or a 
vaginal reconstruction, and/or a uterine wound cover, and/or 
a colorectal application, and/or a urological application, and/ 
or a gynecological application. 
0040. In one case, the method comprises the step of deliv 
ering the membrane of peritoneal tissue to a deployment site 
at the interior wall of the tissue. Preferably the membrane of 
peritoneal tissue is delivered laparoscopically. Ideally the 
method comprises the step of collapsing the membrane of 
peritoneal tissue to a delivery configuration prior to the step of 
delivery. Most preferably the method comprises the step of 
causing expansion of the membrane of peritoneal tissue to a 
deployment configuration after the step of delivery. 
0041 According to a further aspect of the invention there 

is provided an apparatus for (grafting) repairing the abdomi 
nal wall, the abdominal wall having an inside Surface that 
defines a cavity for containing the internal organs, the appa 
ratus comprising: a prosthetic (Support) reinforcement mem 
ber having inner and outer Surfaces, the outer Surface for 
engaging and adhering to the inside Surface of the abdominal 
wall: and a layer of biologic tissue being attached to the inner 
surface of the prosthetic reinforcement, the layer of biologic 
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tissue extending over a portion of the inwardly facing Surface 
of the prosthetic reinforcement to provide resistance to adhe 
sion formation and internal organ attachment as wound heal 
ing and tissue ingrowth into the prosthetic reinforcement 
occurs; the layer of biologic tissue being selected from a 
group consisting of peritoneal tissue. 
0042. The invention also provides in another aspect a tis 
Sue graft comprising the peritoneal membrane of a segment of 
the abdominal wall of a warm blooded vertebrate, the perito 
neal membrane being delaminated from the abdominal wall. 
0043. According to a further aspect of the invention there 

is provided a tissue graft comprising two or more layers of 
peritoneal membrane of a segment of the abdominal wall of a 
warm blooded vertebrate, the peritoneal membrane being 
delaminated from the abdominal wall. 
0044) The invention also provides in another aspect a col 
lagenous biomaterial medical device, comprising: a laminate 
having a plurality of layers of (lyophilized) peritoneal mem 
brane. 
0045. According to a further aspect of the invention there 

is provided a graft prosthesis comprising: a purified, collagen 
based matrix removed from a peritoneal membrane source, 
the purified structure having a contaminant level making the 
purified structure biocompatible, the purified structure hav 
ing a low endotoxin level. 
0046. The use of the biologic peritoneal membrane in 
combination with other materials offers a longer term wound 
covering Solution and tissue repair that enhances the wound 
healing response while preventing adhesion formation. 
0047. The biologic membrane as a composite implant, 
which consists of a synthetic mesh encapsulated within a 
biologic membrane component, provides a means of adhe 
sion prevention, reinforcement, and augmentation which sat 
isfies the need for tissue regeneration through hosting tissue 
remodelling, and displays comparable mechanical properties 
to the adjacent normal tissue, and prevents adhesion forma 
tion during host tissue remodelling. 
0048. The placement of the peritoneal membrane tissue of 
allo- or xeno-derived source over the synthetic mesh, at the 
location of reinforcement/repair leads to Superior integration 
of the synthetic mesh within the surrounding tissue, which 
naturally leads to minimal/loss of fibrous encapsulation, 
which in turn leads to lower synthetic mesh shrinkage; and 
presentation of an adhesion barrier leading to minimal/lack of 
associated intestinal adhesions, eviscerations or chronic pain. 
0049. The peritoneal membrane is processed to remove 
any immunogenic material. Such as cells, viruses, and under 
goes appropriate sterilization. The invention provides a pro 
cessed and sterile peritoneal membrane from either allo- or 
Xeno-Source for wound covering, and also provides a pro 
cessed and sterile peritoneal membrane from either allo- or 
Xeno-Source for reinforcement and/or repair. 
0050. In numerous embodiments, where a composition is 
said to comprise a certain element, it may also consist of that 
element. 
0051. The details of one or more embodiments of the 
invention are set forth in the accompanying drawings and the 
description below. Other features, objects, and advantages of 
the invention will be apparent from the description and draw 
ings, and from the claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0.052 FIG. 1 is an isometric view of a tissue repair implant 
according to the invention with a peritoneal membrane pocket 
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with a Surgical mesh material inserted into the pocket, the 
composite material may be sealed through peripheral Stitch 
ing, with no peritoneal membrane perforations, or with peri 
toneal membrane perforations. 
0053 FIG. 2 is a side view of another tissue repair implant 
according to the invention with Suturing of a membrane to a 
mesh. 
0054 FIG.3 is a photographic image illustrating assembly 
of another tissue repair implant according to the invention 
with a Suture attachment method. 
0055 FIG. 4 is an exploded isometric view of another 
tissue repair implant according to the invention with a lyo 
philisation method. 
0056 FIG. 5 is a side view of the implant of FIG. 4 
assembled. 
0057 FIG. 6 is an exploded isometric view illustrating 
assembly of another tissue repair implant according to the 
invention with a lyophilisation method. 
0058 FIG. 7 is an exploded isometric view illustrating 
assembly of another tissue repair implant according to the 
invention with a lyophilisation method. 
0059 FIG. 8 is a plan view of another tissue repair implant 
according to the invention with a peripheral tab attachment. 
0060 FIG. 9 is an isometric view of another tissue repair 
implant according to the invention which may be applied as a 
uterine wound covering. 
0061 FIG. 10 outlines the tensile properties between pro 
cessed human Fascia Lata and processed human peritoneal 
membrane in both the X and Y directions. 
0062 FIG. 11 shows the differences in useable surface 
area of peritoneal membrane between different populations 
of pigs. 
0063 FIG. 12 shows the average burst strength of porcine 
derived peritoneal membrane between different populations. 
0064 FIG. 13 shows the cellular presence and structural 
retention of processed porcine peritoneal membranes derived 
from various populations. 
0065 FIG. 14 shows the mechanical difference between 
human and porcine peritoneal membrane. 
0.066 FIG. 15 shows the extent of adhesions and tissue 
integration between a MotifMesh and a Motif Mesh with a 
layer of human peritoneal membrane in a rodent implant 
study. 
0067 FIG. 16 shows the surface area of adhesions found 
between a MotifMeshanda Motif Mesh with a layer of human 
peritoneal membrane in a rodent implant study. 

DETAILED DESCRIPTION 

0068. In this patent specification the term “material' 
includes any synthetic, biologically derived or bioactive com 
ponent which may be single- or multi-layered; “composite 
material represents any combination of synthetic, biologi 
cally derived or bioactive components; the term “regenera 
tion' is understood as the process of anatomical and physi 
ological restoration of a tissue to or toward its normal 
structure and function; and the term “bioactive' is defined as 
either a biological tissue of human (allograft) or Xenograft 
Source that Supports the process of wound healing leading to 
tissue regeneration. 
0069. A peritoneal tissue derived from a segment of an 
abdominal wan of a warm blooded vertebrate may comprise 
a peritoneal membrane, muscle, adipose tissue, and two fas 
cia layers. The peritoneal membrane is thus one of a number 
of constituent parts of a peritoneal tissue. 
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0070 Referring to the drawings, and initially to FIG. 1 
thereof, there is illustrated a tissue repair implant 1 according 
to the invention. The implant 1 may be employed to treat an 
abdominal hernia repair, and/or a pelvic floor reinforcement, 
and/or a vaginal reconstruction, and/orauterine woundcover, 
and/or a colorectal application, and/or a urological applica 
tion, and/or a gynaecological application. 
0071. The implant 1 comprises a lower layer of peritoneal 
membrane 2, an upper layer of peritoneal membrane 3, and a 
support member 4 to reinforce the two layers of peritoneal 
membrane 2, 3. 
0072 The implant 1 comprises a laminate of the lower 
layer of peritoneal membrane 2, the upper layer of peritoneal 
membrane 3, and the support member 4. The support member 
4 is located between the lower layer of peritoneal membrane 
2 and the upper layer of peritoneal membrane 3. The support 
member 4 is encapsulated between the two layers of perito 
neal membrane 2, 3 to attach the two layers of peritoneal 
membrane 2, 3 to the support member 4. 
0073. In this case the support member 4 comprises a non 
biological synthetic material mesh. The Support member 4 
comprises a plurality of openings extending therethrough. 
0074 The support member 4 may alternatively comprise a 
biological material. Such as a non-peritoneal biological mate 
rial. 
0075. The support member 4 may comprise a biodegrad 
able material. Alternatively the Support member 4 may com 
prise a non-biodegradable material. 
0076. The implant 1 is movable between a collapsed deliv 
ery configuration and an expanded deployment configura 
tion. The implant 1 may comprise means to bias the implant 
1 towards the deployment configuration. The biasing means 
may comprise a biodegradable material. 
(0077. Either of the layers of peritoneal membrane 2, 3 
and/or the Support member 4 may be attached to an interior 
wall of an abdominal tissue by means of a Suture element, 
and/or a staple element. Either of the layers of peritoneal 
membrane 2, 3 may be remodelled by in-growth of tissue. 
Either of the layers of peritoneal membrane 2, 3 may com 
prise a plurality of pores to promote in-growth of tissue. 
0078. In another embodiment a synthetic/biological adhe 
sive may be used to bond the peritoneal membranes 2, 3 to the 
Support member 4. 
0079. This embodiment may use an adhesive to bond the 
membranes 2.3 to the mesh/scaffold layer/scaffold 4. In order 
to attach the biological membranes 2, 3 to the mesh/scaffold 
layer/scaffold 4, a biologic adhesive for example glutaralde 
hyde based, or a synthetic adhesive may be used. 
0080 Each layer of peritoneal membrane 2, 3 is derived 
from a segment of an abdominal wall of a warm blooded 
vertebrate, and is delaminated from the abdominal wall of the 
warm blooded vertebrate. Either of the layers of peritoneal 
membrane 2, 3 may comprise an allograft membrane derived 
from a human donor, or may comprise a Xenograft membrane 
derived from an animal. Such as a bovine or porcine mem 
brane. Each layer of peritoneal membrane 2, 3 is decellu 
larised and is lyophilised. 
I0081. The peritoneal tissue derived from the segment of 
the abdominal wall of the warmblooded vertebrate comprises 
the peritoneal membrane, muscle, adipose tissue, and two 
fascia layers. 
I0082. The peritoneal tissue is processed after harvesting 
from the abdominal wall of the warmblooded vertebrate. The 
processing includes removing the muscle and adipose tissue 
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from the peritoneal tissue, Screening the peritoneal tissue for 
viruses such as Hepatitis B, and cleaning the peritoneal tissue 
to remove viruses, bacteria, and the adipose tissue. 
0083. After the processing of the peritoneal tissue, the two 
fascia layers merge into a single fascia layer. The single fascia 
layer enhances the mechanical strength of the peritoneal 
membrane in both axes. 
0084. After the processing of the peritoneal tissue, the 
collagen content in all layers of the peritoneal tissue is higher 
and the toxin level in all layers of the peritoneal tissue is lower 
compared with the peritoneal tissue before processing. 
0085. In use, the implant 1 is collapsed to the delivery 
configuration and inserted into the abdominal/pelvic cavity of 
a patient, for example through a laparoscopic incision. The 
implant 1 is advanced to a desired treatment site in the 
abdominal/pelvic cavity, for example by means of a delivery 
catheter. When the implant 1 reaches the desired treatment 
site, the implant 1 is expanded to the deployment configura 
tion. 
I0086. Either of the layers of peritoneal membrane 2, 3 
and/or the support member 4 is attached to an interior wall of 
an abdominal tissue by means of the Suture element, and/or 
the staple element. The implant 1 may thus be employed to 
treat an abdominal hernia repair, and/or a pelvic floor rein 
forcement, and/or a vaginal reconstruction, and/or a uterine 
wound cover, and/or a colorectal application, and/or a uro 
logical application, and/or a gynaecological application. 
0087. Over time one or more of the layers of peritoneal 
membrane 2, 3 is remodelled by in-growth of tissue. 
0088 FIG. 2 illustrates a further tissue repair implant 20 
according to the invention, which is similar to the tissue repair 
implant 10 of FIG. 1, and similar elements in FIG. 2 are 
assigned the same reference numerals. 
0089. In this case the implant 20 comprises a suture ele 
ment 21 to attach the layer of peritoneal membrane 2 to the 
Support member 4. 
0090 Mechanical attachment is achieved using suturing 
or stapling. Attachment of the membrane 2 is achieved 
through the use of a Suturing or stapling method whereby the 
inherent porosity of the mesh 4 is used as an attachment point 
while the membrane 2 may have an inherent porosity suited to 
a specific Suturing/stapling pattern. In order to attach the 
membrane 2 to the scaffold 4, pre-determined apertures are 
required for Suturing. Alternatively pattern puncturing at key 
scaffold locations may be used to attach the membrane 2 onto 
the scaffold 4. Another alternative may be to staple the mem 
brane 2 to the underlying mesh/scaffold 4 in a pattern suitable 
with the mesh porosity without compromising its inherent 
mechanical properties, as illustrated in FIG. 2. 
0091 Suture attachment is used in the case of FIG.3. This 
method involves the use of a running Suture to attach the 
membrane 2 to the synthetic mesh 4 along the perimeter of the 
synthetic mesh 4. In addition, a single point Suture was used 
to attach the membrane 2 at the centre of the synthetic mesh 
4. A Suture guide was provided which allowed for easy and 
consistent line-up of the synthetic mesh 4 and the membrane 
2 when Suturing. This was achieved through the following 
steps: 
0092 Step 1 involved the placing the suture guide on a 
sterile surface. Step 2 involved placing the membrane 2 onto 
the suture guide. Step 3 involved placing the synthetic mesh 4 
over the membrane 2. Step 4 involved inserting the synthetic 
mesh 4 onto the tabs provided on the suture guide. Step 5 
shows the Suture guide-membrane 2-synthetic mesh 4 com 
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plex. Step 6 involves the suturing of the membrane 2 to the 
synthetic mesh 4 via the allotted holes located at the major 
strut intersection of the synthetic mesh 4. Step 7 shows the 
perimeter running Suture. Step 8 involves the peeling back of 
the membrane 2-synthetic mesh 4 complex. Steps 9 and 10 
show the complex on both sides. These steps are illustrated in 
FIG. 3. This method revealed a minimum peel force of 
approximately 3.1N. 
(0093. Referring to FIGS. 4 and 5 there is illustrated 
another tissue repair implant 90 according to the invention, 
which is similar to the tissue repair implant 1 of FIG. 1, and 
similar elements in FIGS. 4 and 5 are assigned the same 
reference numerals. 
0094. In this case the layers of peritoneal membrane 2, 3 
are lyophilised to the Support member synthetic mesh 4. 
0.095 This method involves the use of freeze-drying of the 
membranes 2, 3 onto the synthetic mesh 4. Lyophilisation of 
the biologic membranes 2, 3 on both sides of the synthetic 
mesh 4 at specific points allows for the connection of the two 
membrane components 2, 3 through the pores of the synthetic 
mesh 4 or through an alteration in the mesh design for 
example designated larger pores. In order for this to occur 
Successfully, the two layers of biological membrane 2, 3 may 
need to be pressed together so vacuum packing may be 
required, as illustrated in FIGS. 4 and 5. 
0096. The membrane 2 may be lyophilised in a folder 
pattern at the periphery so that the synthetic mesh 4 may be 
placed into the membrane 2 like an envelope. Once lyophi 
lised, the membrane 2 would be rigid around the folder sec 
tions and hence keep the synthetic mesh 4 within it, as illus 
trated in FIG. 6. 
0097 Another method of lyophilisation involves using the 
two previously described concepts of FIGS. 4 and 5 and FIG. 
6, whereby the second method is applied but is also pressed 
together allowing for the attachment of the two pieces of 
biological membrane 2, 3 to bond together at the periphery. 
This bonding may beachieved through the native pores of the 
synthetic mesh 4 or through alterations of the mesh 4, for 
example designated larger pores, as illustrated in FIG. 7. 
(0098. Membranetabbing is used in the case of FIG.8. This 
method involves the use of tabs 17 arising from the peritoneal 
membrane 2 to loop through one or more slits 18 in the 
synthetic mesh 4 and therefore attach it. A clamp 19 placed on 
the membrane strand distal to the mesh insertion will fix it to 
the synthetic mesh 4, as illustrated in FIG. 8. 
(0099. In FIG. 9 there is illustrated another tissue repair 
implant 100 according to the invention, which is similar to the 
tissue repair implant 1 of FIG. 1, and similar elements in FIG. 
9 are assigned the same reference numerals. The implant 100 
is preformed to meet a specific area of application. 
0100. In this case the shape of the implant 100 is pre 
defined to suit the shape of a hysterectomised pelvic floor. The 
implant 100 has an outlying profile 101 to meet the curve of 
the pelvic floor as well as protruding Surfaces to conform to 
the rectum 103 and bladder 102. 
0101. It will be appreciated that the one or more layers of 
peritoneal membrane may be attached to the Support member 
by variety of possible means of attachment, such as: 
0102 1. A staple element. 
(0103 2. Attachment of the membrane to the mesh/scaffold 
through the use of an inherently adhesive material 
0104. In order to achieve an adequate bond, an adhesive 
membrane may be used. Encapsulation by a synthetic mem 
brane may be achieved through the use of a material with a 
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low glass transition temperature (T)—which may be lower 
than normal operating room temperature. In the case of a 
biological membrane, the encapsulation may take advantage 
ofalginates, which may be in a lyophilized form, to impartan 
adequate amount of adhesive properties. 
0105 3. Sewing attachment 
0106 Rather than manually suturing the two materials 
together, sewing may be a more time efficient method. A 
predetermined pattern may be imparted into the synthetic 
mesh which would accommodate the sewing pattern. Non 
portable sewing machines are available for medical purposes 
and have been used extensively in cardiovascular implants, 
namely Abdominal Aortic Aneurysm stent fabrication. 
0107 FIG. 10 shows the tensile testing results between 
peritoneal membrane and Fascia Lata membranes in both the 
X and Y directions. 
0108 FIG.11 shows the difference in useable surface area 
of peritoneal membrane among various porcine populations. 
0109 FIG. 12 shows the difference in mechanical proper 

ties of peritoneal membrane among various porcine popula 
tions. 
0110 FIG. 13 shows the difference in cellular presence 
and structural retention of processed peritoneal membrane 
among various porcine populations. 
0111 FIG. 14 shows the difference between the mechani 
cal properties of porcine derived and human derived perito 
neal membranes. 
0112 FIG. 15 shows the difference in the adhesion forma 
tion and tissue integration of a MotifMesh (cPTFE) with and 
without human peritoneal membrane encapsulated around it. 
Results are from a rodent implant study. 
0113 FIG. 16 shows the difference in the percentage sur 
face area of adhesions between a MotifMesh (cPTFE) with 
and without human peritoneal membrane encapsulated 
around it. Results are from a rodent implant study. 
0114. According to the invention a composite material has 
been developed for regenerating, reinforcing, or augmenting 
Soft tissue defects inapatient. Such an approach combines the 
predictable and reliable mechanical properties of a synthetic 
mesh with the regenerative characteristics of mechanically 
weaker, yet biologically active materials. The composite 
implant may consist of a synthetic material composed of one 
or multiple layers attached or encapsulated into a bioactive 
and flexible material construct. The encapsulating bioactive 
material may be micro or macro patterned to allow physi 
ological fluid transport and enhance tissue incorporation, 
depending on the specific application. 
0115 According to the invention a biologic membrane 
material has been developed to meet criteria for wound cov 
ering, tissue reinforcement, and augmentation. In particular, a 
biologic membrane with adequate mechanical Support and 
the ability to stimulate tissue regeneration are features of the 
membrane. The present invention addresses the shortcomings 
of current reinforcement and augmentation solutions related 
to general, ob/gyn, and colo-rectal Surgery. The biologic 
membrane may be peritoneal membrane from an allograft or 
Xenograft source. In another embodiment, a synthetic Surgi 
cal mesh is combined with the biologic membrane through 
mechanical means. In another embodiment, a synthetic Sur 
gical mesh is encapsulated by the biologic membrane. Aper 
tures may be created within the composite material to allow 
for fluid transport. The biologic membrane may be incorpo 
rated with bioactive agents, such as growth factors, antibiot 
ics or other wound healing/tissue regeneration enhancing fac 
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tors, through physical or chemical means of attachment. In 
yet another embodiment, a biologic tissue matrix layer is 
attached for example mechanically, or chemically, or ther 
mally, on one side of a synthetic Surgical mesh to selectively 
encourage tissue integration/regeneration and the biologic 
membrane is attached to the other side to improve the wound 
healing response on the Surface exposed to the intra-abdomi 
nal organs and contents to act as an anti-adhesive barrier. 

EXAMPLES 

Example 1 
0116. Two membranes were chosen as potential adhesion 
preventing membranes. Both peritoneal membrane and fascia 
lata were chosen due to their natural anti-adhesion anatomy. 
The mechanical properties of each membrane were investi 
gated. It was found that peritoneal membrane behaves more 
isotropic than fascia lata, hence proving more appropriate as 
a soft tissue implant. FIG. 10 illustrates the tensile testing 
results. 

Example 2 
0117 The characterisation of xenograft peritoneal mem 
brane procured from three different porcine populations: 
Porker, Baconer and Sow were investigated. Membranes 
from various populations of pigs were analysed for useable 
Surface area and burst strength. It was found that the large 
(sow derived) membrane offers the largest workable surface 
area, and the medium (baconer derived) and large (Sow 
derived) membranes offer the highest burst strength in com 
parison to light (porker derived) membranes. FIG. 11 illus 
trates the surface area results. FIG. 12 illustrates the mechani 
cal analysis results. 

Example 3 
Synthetic Mesh Encapsulated by a Peritoneal Mem 

brane for Hernia Repair 
0118. The peritoneal membrane is harvested and pro 
cessed to create a decellularized tissue, which is then lyo 
philized. The lyophilized peritoneal membrane is cut to shape 
or folded to accommodate the size of a Surgical mesh Such as 
a surgical mesh available under the tradename MotifineshTM. 
The peritoneal membrane is fitted over the surgical mesh 
using continuous Suture Stitching, lyophilization, or biologi 
cal glues such as fibrin, cyanoacrylates, or any other method 
that those versed in the art may use to allow handling of the 
composite material without mesh to peritoneal membrane 
separation during the placement procedure. 
0119. In the case of a composite surgical mesh for soft 
tissue repair, methods of attachment of allograft peritoneal 
membraneonto a PTFE mesh, such as that available under the 
tradename MotifMesh, were investigated. The various 
options available in achieving an adequate method for attach 
ment of a biological membrane to a synthetic mesh were 
investigated. It was found that based on experimentation, the 
most practical method ofattaching a membrane to a synthetic 
mesh involves Suturing/sewing or Stitching the various parts 
together. 

Example 4 
Pre-Clinical Performance of a Synthetic Mesh 

Encapsulated by a Peritoneal Membrane in a Rodent 
Hernia Model 

0.120. The performance of the composite outlined in 
Example 3 (Suture Stitching) in a chronic hernia repair rodent 
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model was evaluated. It was found that the use of the perito 
neal membrane in combination with a MotifMeshTM (cPTFE) 
led to the least extent and tenacity of adhesions. It was found 
that the peritoneal membrane handled well in its desired 
hydrated form. FIG. 15 illustrates the mechanical characteri 
sation. FIG.16 illustrates the percentage surface area of adhe 
S1O.S. 

Example 5 
0121 The in vivo performance of a synthetic mesh encap 
Sulated by a peritoneal membrane was evaluated in a large 
hernia animal model. Free range pigs were used in an intra 
abdominal placement of the implant. In a Swine model the 
peritoneal membrane dual construct was anchored onto the 
abdominal wall. It was found that a Motif MeshTM alone dis 
played a more robust host tissue response than that of a 
peritoneal membrane dual construct comprising a peritoneal 
membrane encapsulated MotifMeshTM, illustrated by less 
mature collagen presence and enhanced inflammatory cellu 
larity at location. Thus the peritoneal membrane dual con 
struct provides a more conducive healing environment than 
MotifMeshTM alone. 
0122) Possible applications for the tissue repair implant of 
the invention include laparotomy closure/abdominal wall; in 
general Surgery: Ventral intraperitoneal hernia repair, or 
Staple line reinforcement; in colo-rectal: abdominoperineal 
excision of the rectum, or ostomy creation and closure; in 
urology/gynecology: abdominal/pelvic pain secondary to 
adhesions, or hysterectomy, myomectomy, and ovariectomy. 
0123. The tissue repair implant of the invention reduces or 
prevents adhesion formation. The peritoneal membrane pro 
vides the function of reinforcement and augmentation as a 
biological scaffold for clinical applications. 
0124. The invention is not limited to the embodiments 
hereinbefore described, with reference to the accompanying 
drawings, which may be varied in construction and detail. 
What is claimed is: 
1. A tissue repair implant comprising a layer of peritoneal 

membrane and a Support member to reinforce the layer of 
peritoneal membrane. 

2. The implant of claim 1, wherein the support member 
comprises a biological material. 

3. The implant of claim 1, wherein the layer of peritoneal 
membrane is configured to be attached to the Support mem 
ber. 

4. The implant of claim 1, wherein the implant comprises a 
laminate of the layer of peritoneal membrane and the Support 
member. 
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5. The implant of claim 3, wherein the support member is 
at least partially encapsulated in the peritoneal membrane. 

6. The implant of claim 1, wherein the implant comprises a 
first layer of peritoneal membrane and a second layer of 
peritoneal membrane. 

7. The implant of claim 6, wherein the support member is 
located between the first layer of peritoneal membrane and 
the second layer of peritoneal membrane. 

8. The implant of claim 1, wherein the support member 
comprises one or more openings extending at least partially 
therethrough. 

9. The implant of claim 8, wherein the layer of peritoneal 
membrane extends at least partially through the opening of 
the Support member to attach the layer of peritoneal mem 
brane to the support member. 

10. The implant of claim 9, wherein the support member is 
configured to grip the layer of peritoneal membrane extend 
ing at least partially through the opening. 

11. The implant of claim 1, wherein the layer of peritoneal 
membrane is configured to be remodelled by in-growth of 
tissue. 

12. The implant of claim 11, wherein the layer of peritoneal 
membrane is configured to promote in-growth of tissue. 

13. The implant of claim 1, wherein the shape of the 
implant is pre-defined to Suit the shape of an abdominal 
cavity. 

14. A tissue implant for treating abdomino-pelvic defects, 
the tissue implant comprising: a Support member for engag 
ing, attaching, and remodelling with an inside and/or organ 
contacting Surface of an abdomino-pelvic Wall; and a layer of 
peritoneal membrane attached to the Support member, the 
layer of peritoneal membrane covering the Support memberto 
prevent the formation of adhesions between the support mem 
ber and one or more organs. 

15. An apparatus for grafting and/or repairing an abdomi 
nal wall, the abdominal wall having an inside Surface that 
defines a cavity for containing the internal organs, the appa 
ratus comprising: a prosthetic Support and/or reinforcement 
member having inner and outer Surfaces, the outer Surface for 
engaging and adhering to the inside Surface of the abdominal 
wall: and a layer of biologic tissue being attached to the inner 
surface of the prosthetic reinforcement, the layer of biologic 
tissue extending over a portion of the inwardly facing Surface 
of the prosthetic reinforcement to provide resistance to adhe 
sion formation and internal organ attachment as wound heal 
ing and tissue ingrowth into the prosthetic reinforcement 
occurs; the layer of biologic tissue being selected from a 
group consisting of peritoneal tissue. 

c c c c c 


