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PROSTHETIC REPAIR FABRIC

Field of the Invention

The present invention relates to an implantable prosthesis, and more particularly

to a prosthetic repair fabric for use in soft tissue repair and reconstruction.

Discussion of Related Art

Gastroesophageal reflux disease (“GERD™) and hiatal hernia commonly occur
together. A hiatal hernia occurs when a natural opening, or “hiatus,” in the diaphragm
through which the esophagus extends, becomes enlarged, allowing the stomach to pass
through the hiatus into the thoracic cavity. GERD indicates a backflow of acid from the
stomach into the esophagus. Although GERD may be an independent affliction, GERD
is often a symptom of; or a co-affliction with, a hiatal hernia. Representative surgical
treatments for GERD and/or hiatal hernia may include one or more of the following: a
fundoplication, more specifically an open or laparoscopic Nissen fundoplication, where
part of the fundus of the stomach is wrapped around the lower end of the esophagus to
recreate or augment the lower esophageal sphincter (LES); a cruroplasty, which involves
tightening the crura of the diaphragm around the esophagus; and an endoscopic
gastroplication where pleats are formed within the esophagus at or near the LES,
reducing the size of the internal diameter of the lower esophagus.

It has been known to use a prosthetic repair fabric in the surgical treatment of
GERD and/or hiatal hernia. Typically, a sheet of surgical mesh fabric, such as BARD
MESH, commercially available in rectangular stock sheets, is custom fashioned by a
surgeon into a shape suitable for a particular patient’s hiatal repair, such as a rectangular
or oval shape. The surgeon forms a keyhole opening in the patch by cutting a slit from
one edge of the implant and then forming an opening at the end of the slit that is large
enough to receive the esophagus. The adjacent flaps of mesh formed by the slit running
through the edge, known as “tails” or “fins”, may be stitched together after the esophagus
has been positioned in the keyhole opening, recreating a hiatal ring about the esophagus
to help prevent the stomach from reentering the thoracic cavity.

It is one object of certain embodiments of the present invention to provide a

preformed prosthesis for the treatment of GERD and/or the repair of hiatal hernias.
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It is another object of certain embodiments of the present invention to provide a
prosthesis for the treatment of GERD and/or the repair of hiatal hernias that reduces the
incidence of postoperative adhesions to the esophagus, stomach and/or other surrounding
viscera.

It is a further object of certain embodiments of the present invention to provide

methods of treating GERD and/or repairing hiatal hernias.

Summary of the Invention

In one embodiment of the invention, an implantable prosthesis is provided for
repairing a tissue or muscle wall defect located near the esophagus. The implantable
prosthesis comprises a layer of repair fabric that is susceptible to the formation of
adhesions with tissue and organs, a surface barrier that inhibits the formation of
adhesions with tissue and organs, and at least one edge barrier that inhibits the formation
of adhesions with tissue and organs. The layer of repair fabric includes first and second
surfaces and at least one fabric edge extending from the first surface to the second
surface. The first surface is adapted to face the tissue or muscle wall defect when the
implantable prosthesis is placed in a patient near the esophagus, and the second surface is
adapted to face away from the tissue or muscle wall defect and toward the patient’s
cavity viscera. The layer of repair fabric has an opening that is adapted to receive the
esophagus. The surface barrier is disposed on at least a portion of the second surface of
the layer of repair fabric to inhibit the formation of adhesions between the portion of the
second surface and adjacent tissue and organs when the implantable prosthesis is placed
in the patient. The at least one edge barrier extends about at least a portion of the at least
one fabric edge to inhibit the formation of adhesions between the portion of the at least
one fabric edge and adjacent tissue and organs.

In another embodiment of the invention, an implantable prosthesis is provided for
repairing a tissue or muscle wall defect located near a tube-like structure. The
implantable prosthesis comprises a body portion that is constructed and arranged to be
placed proximate the tissue or muscle wall defect, and includes an outer periphery and
has an opening that is adapted to receive the tube-like structure. The body portion
comprises a layer of repair fabric that is susceptible to the formation of adhesions with

tissue and organs, and a surface barrier that inhibits the formation of adhesions. The
613334
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layer of repair fabric includes first and second surfaces and at least one fabric edge
extending from the first surface to the second surface. The first surface is adapted to face
the tissue or muscle wall defect when the implantable prosthesis is placed in‘a patient
near the tube-like structure. The layer of repair fabric has a first slit extending from the
opening to the outer periphery to receive the tube-like structure in the opening. The
surface barrier is disposed at the second surface of the layer of repair fabric to inhibit the
formation of adhesions on the second surface when the implantable prosthesis is placed
in the patient. The surface barrier has a second slit extending from the opening to the
outer periphery to receive the tube-like structure in the opening. The second slit is offset
from the first slit, such that the second slit overlies a portion of the layer of repair fabric
and the first slit overlies a portion of the surface barrier.

In yet another embodiment of the invention, an implantable prosthesis is provided
for repairing a tissue or muscle wall defect located near a tube-like structure. The
implantable prosthesis comprises a body portion that is constructed and arranged to be
placed proximate the tissue or muscle wall defect, and includes an outer periphery and
has an opening that is adapted to receive the tube-like structure. The body portion
comprises a layer of repair fabric that is susceptible to the formation of adhesions with
tissue and organs, and a plurality of barriers that inhibit the formation of adhesions on
selected portions of the layer of repair fabric when the implantable prosthesis is placed in
the patient. The layer of repair fabric includes first and second surfaces, an outer
peripheral edge and an opening edge. The first surface is adapted to face the tissue or
muscle wall defect when the implantable prosthesis is placed in a patient near the tube-
like structure. The outer peripheral edge extends from the first surface to the second
surface along the outer periphery, and the opening edge extends from the first surface to
the second surface along the opening. The plurality of barriers includes a surface barrier
that is disposed on at least a portion of the second surface of the layer of repair fabric, a
peripheral edge barrier that is disposed along at least a portion of the outer peripheral
edge of the layer of repair fabric, and an opening edge barrier that is disposed along at
least a portion of the opening edge of the layer of repair fabric.

In a further embodiment of the invention, an implantable prosthesis is provided
for repairing a tissue or muscle wall defect located near a tube-like structure. The

implantable prosthesis comprises a prosthetic repair fabric that includes an outer
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periphery and has an opening therein that is adapted to receive the tube-like structure.
The prosthetic repair fabric includes first and second segments, each of the first and
second segments including a layer of fabric that is susceptible to the formation of
adhesions with tissue and organs. Each of the first and second segments includes a first
end and a second end, the first end of the first segment overlapping the first end of the
second segment at a first overlap area, the second end of the first segment overlapping
the second end of the second segment at a second overlap area. The first segment
includes a first mid-portion between the first and second overlap areas and the second
segment includes a second mid-portion between the first and second overlap areas. Each
of the first and second mid-portions forms a portion of the outer periphery of the
prosthetic repair fabric that is equal to or greater than approximately 90 degrees.

In another embodiment of the invention, an implantable prosthesis is provided for
repairing a tissue or muscle wall defect located near a tube-like structure. The
implantable prosthesis cdmprises a prosthetic repair fabric having an opening that is
adapted to receive the tube-like structure, and includes first and second segments. Each
of the first and second ségments includes a layer of repair fabric that is susceptible to the
formation of adhesions with tissue and organs and a surface barrier that inhibits the
formation of adhesions with tissue and organs. The surface barrier is disposed on a
surface of the layer of repair fabric. Each of the first and second segments includes a first
end and a second end, the first end of the first segment overlapping the first end of the
second segment at a first overlap area. The first overlap area is free of one of the layer of
fabric and the surface barrier of at least one of the first and second segments.

In a further embodiment of the invention, a prosthetic repair fabric comprises a
body portion of implantable, biocompatible prosthetic material. The body portion
includes a middle section having a first width and a pair of end portions extending in a
longitudinal direction from opposite sides of the middle section. Each end portion has a
second width that is greater than the first width.

In yet another embodiment of the invention, a method is provided for treating
gastroesophageal reflux disease. The method comprises creating at least one external
fold on the external wall of the esophagus; and cinching the at least one external fold to

create at least one external plication on the esophagus.
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Other objects and features of the present invention will become apparent from the
following detailed description when taken in connection with the accompanying
drawings. It is to be understood that the drawings are designed for the purpose of

illustration only and are not intended as a definition of the limits of the invention.

Brief Description of the Drawings

The foregoing and other objects and advantages of the invention will be
appreciated more fully from the following drawings, wherein like reference characters
designate like features, in which:

FIG. 1 is a top plan view of a prosthetic repair fabric in accordance with one
illustrative embodiment of the present invention;

FIG. 2 is a bottom plan view of the prosthetic repair fabric of FIG. I;

FIG. 3 is a cross-sectional view of the prosthetic repair fabric of FIG. 1 taken
along section line 3-3;

FIG. 4 is a cross-sectional view of the prosthetic repair fabric of FIG. 1 taken
along section line 4-4;

FIG. 5 is an exploded top perspective view of the prosthetic repair fabric of FIG.
L

FIG. 6 is a top view of the prosthetic repair fabric of FIG. 1 with the slit and
opening exposed to receive the esophagus;

FIG. 7 is a top plan view of a prosthetic repair fabric in accordance with a further
illustrative embodiment of the present invention;

FIG. 8 is a cross-sectional view of the prosthetic repair fabric of FIG. 23 along
section line 8-8;

FIG. 9 is a cross-sectional view similar to FIG. 8§ of a prosthetic repair fabric in
accordance with another illustrative embodiment of the present invention;

FIG. 10 is a schematic view illustrating the prosthetic repair fabric of FIG. 1
implanted in the abdominal cavity proximate to the esophagus;

FIG. 11 is a schematic view illustrating the prosthetic repair fabric of FIG. 1
implanted in the abdominal cavity proximate to the esophagus following a cruroplasty

procedure;

613334
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FIG. 12 is a side elevational view of the prosthetic repair fabric of FIG. 1 with
overlapped tails;
FIG. 13 is a top plan view of a prosthetic repair fabric in accordance with
another illustrative embodiment of the present invention;
FIG. 14 is a bottom plan view of the prosthetic repair fabric of FIG. 13;
FIG. 15 is a side view of the prosthetic repair fabric taken along view line 15-15
of FIG. 13;
FIG. 16 is an exploded top perspective view of the prosthetic repair fabric of
FIG. 13;
FIG. 17 is a top plan view of a prosthetic repair fabric in accordance with a
further illustrative embodiment of the invention;
FIG. 18 is a bottom plan view of a prosthetic repair fabric in accordance with
another embodiment of the present invention;
FIG. 19 is an exploded view of a prosthetic repair fabric in accordance with
another illustrative embodiment of the invention;
FIG. 20 is a cross-sectional view of the prosthetic repair fabric of FIG. 19 taken
along a section line similar to section line 4-4 of FIG. 1;
FIG. 21 is the cross-sectional view of the prosthetic repair fabric of FIG. 20
illustrating the open access passage;
FIG. 22 is a top plan view of a prosthetic repair fabric in accordance with
another illustrative embodiment of the present invention;
FIG. 23 is a top plan view of a prosthetic repair fabric in accordance with a
further illustrative embodiment of the present invention;
FIG. 24 is a cross-sectional view of the prosthetic répair fabric of FIG, 23 taken
along section line 24-24;
FIG. 25 is a top plan view of a prosthetic repair fabric in accordance with another
illustrative embodiment of the present invention;
FIG. 26 is a cross-sectional view of the prosthetic repair fabric of FIG. 25 taken
along section line 26-26;
FIG. 27 is a schematic view illustrating the prosthetic repair fabric of FIG. 25
attached to the crura of the diaphragm proximate to the esophagus to repair a hernia in a

tension-free repair;
613334
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FIG. 28 is a schematic view illustrating the prosthetic repair fabric of FIG. 25
attached to the crura of the diaphragm to reinforce the sutures of a cruroplasty procedure;

FIG. 29 is a top plan view of a prosthetic repair fabric in accordance with another
illustrative embodiment of the present invention;

FIG. 30 is a schematic view illustrating the prosthetic repair fabric of FIG. 29
attached to the fundus of the stomach to reinforce a fundoplication procedure;

FIG. 31 is a schematic view illustrating the prosthetic repair fabric of FIG. 29
implanted to reinforce the sutures of a fundoplication in conjunction with the prosthetic
repair fabric of FIG. 25 implanted to reinforce the sutures of a cruroplasty;

FIG. 32 is a schematic view illustrating the prosthetic repair fabric of FIG. 29
implanted to reinforce the sutures of a fundoplication in conjunction with the prosthetic
repair fabric of FIG. 25 implanted to repair a hiatal hernia in a tension-free repair;

FIG. 33 is a schematic view of a prosthetic repair fabric in accordance with
another embodiment of the invention;

FIG. 34 is a schematic view a plication method in accordance with one illustrative
embodiment of the present invention;

FIG. 35 is a cross-sectional view illustrating the plication method of FIG. 34
taken along section line 35-35;

FIG. 36 is a schematic view of a plication method in accordance with another
illustrative embodiment of the present invention; and

FIG. 37 is a schematic view of a cinch mechanism in accordance with one

embodiment of the present invention with the needle deployed.

Description of Illustrative Embodiments

The invention is directed to an implantable prosthesis for repairing or augmenting
anatomical weaknesses or defects, and is particularly suitable for the repair of soft tissue
and muscle wall openings. For ease of understanding, and without limiting the scope of
the invention, the prosthesis to which this patent is addressed is described below
particularly in connection with a hiatal hernia repair and/or treatment of GERD. It
should be understood, however, that the prosthesis is not so limited and may be
employed in other anatomical procedures, as would be apparent to one of skill in the art.

For example, the prosthesis may be used where a tube-like structure, or other projection,
613334
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passes through an opening in a tissue, muscle or organ wall, or projects from a tissue,
muscle or organ wall, requiring repair and/or augmentation.

Furthermore, while many of the embodiments discussed below include an implant
having one or more portions that are tissue infiltratable, the invention is not so limited
and also contemplates a prosthesis that is not arranged for tissue ingrowth. Still further
embodiments include implants where tissue infiltratable or otherwise adhesion sensitive
portions are rendered resistant to adhesion formation. In certain embodiments, some or
all portions of the implant may be arranged for tissue ingrowth, while in other
embodiments some or all portions of the implant may be arranged to resist tissue
ingrowth or otherwise to resist the formation of adhesions to and strangulation of
neighboring viscera. The location of tissue ingrowth sections and barrier sections may
vary along an edge of the implant, a surface of the implant, and/or sections of a body
portion of the implant, as discussed below.

An implant according to the present invention, in connection with a hiatal repair,
may include a body portion constructed and arranged to cover the enlarged or weakened
portion of the hiatus, or the operative sutures used in repairing the hernia, such as are
placed in a cruroplasty. Some or all of the body portion may be tissue infiliratable, may
be impervious to tissue ingrowth or otherwise resistant to the formation of adhesions, or
may include a combination of tissue infiltratable and adhesion resistant regions. In some
embodiments, the prosthesis may be arranged to reduce the incidence of the formation of
post-operative adhesions or strangulation of the cord structure. The implant may be
formed of a single or of multiple layers of prosthetic repair material, and the number of
layers of prosthetic material may vary in different portions of the implant.

The implant may have a complete or partial opening that is adapted to receive the
esophagus. The openihg may be formed along any one, or a combination, of the sides of
the implant or may be provided within and through the body portion. For the purposes of
this patent specification, as well as any claims related thereto, the feature of an “opening”
adapted to receive the esophagus or tube-like structure shall include a complete opening
that is configured to completely surround the esophagus, and a partial opening that is
configured to only partially surround the esophagus, even though the qualifier of
“complete” or “partial” is not used. The opening may have a round shape or any other

shape that is constructed and arranged to position the implant about the esophagus. A slit
613334
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may also be formed extending from the opening to the periphery of the prosthesis to
provide an access opening for the esophagus.

The implant may be defined by an anterior end, a posterior end, a medial side and
a lateral side. The sides and ends may be of the same or of differing length and/or shape.

5 Any of the sides and ends may include a single straight edge, a curved edge, an edge
formed of diverging or converging segments, and other shapes as should be apparent to
one of skill in the art. The implant, viewed end-to-end or side-to-side may be
symmetrically shaped or asymmetrically shaped. The implant may have a circular shape,
an ovoid or an egg shape, a C-shape, a bow tie shape, a butterfly shape, a rectangular

10 shape, an arc shape, and other shapes as should be apparent to one of skill in the art.

The implant may be elongated in the anterior-posterior direction, in the medial-
lateral direction or in a combination of the anterior-posterior and medial-lateral
directions. An implant having substantially the same length in all directions also is
contemplated. The implant may be preshaped or may be custom shaped by the surgeon

15 prior to or during the surgical procedure. Similarly, the implant may be pre-arranged
with the slit and keyhole opening, or one or both of these features may be left to the
surgeon to form.

The implant may, in an unstressed or natural state, such as prior to implantation,
have a generally flat or planar shape, or may be arranged with a concave and/or convex

20  shape on one or more surfaces, or may include a more complex three dimensional shape.
A cord or other member may be threaded through the implant and then manipulated,
such as by drawing ends of the cord extending outside of the implant, to transform the
prosthesis into a desired shape. The implant may be provided with shape influencing
members, such as thin strips of metal, polymer, and the like, that may be engaged to, or

25  otherwise in contact with, the implant and naturally or upon application of a force (e.g.,
heat) cause the prosthesis to form a predetermined shape.

The implant may be sufficiently flexible to allow a surgeon to manipulate the
fabric to conform to the surgical site and ease delivery during a laparoscopic procedure,
or may have a stiffer arrangement that limits compression and/or expansion of the repair

30  device. In certain embodiments, the implant may be collapsible, such as by folding,
rolling, or otherwise, into a slender configuration that may be delivered through a narrow

lumen of a laparoscopic cannula or trocar. The flexibility of the implant is influenced by
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many factors including the materials from which the implant is constructed, any shape
influencing members, treatments applied to the material of the implant, and the amount
of stitching or other attachment features in the body of the implant.

Certain portions of the implant may include a barrier which may be formed, for
example and without limiting the invention, by applying a barrier material to selective
regions of the prosthesis, by rendering selected porous regions of the implant less porous
and, preferably, impervious to tissue infiltration, and by other arrangements as should be
apparent to one of skill in the art. The barrier may be arranged to isolate the esophagus,
and/or the abdominal viscera, from selected portioﬁs of the implant that are tissue
infiltratable, reducing the incidence of esophageal, stomach, liver, and intestine trauma
associated with adhesion, constriction and the like.

As an example, and without limiting the inventive arrangements contemplated for
isolating the esophagus and viscera from various potential points of adhesion to the
implant, the opening edge may be arranged with an inner edge barrier so that the opening
edge is isolated from the portion of the esophagus passing through the opening. Those
margin areas surrounding the opening on the first, or diaphragm facing, surface of the
implant also may be isolated by an edge barrier, limiting the prospects of contact between
the segment of the esophagus extending through and adjacent the opening and the
margins of the opening. Some or all of the second surface of the prosthesis, that is the
surface which will face the viscera, may include a surface barrier. The surface barrier
may be arranged to cover substantially the entire second surface. A further outer edge
barrier may be arranged at the outer edge of the prosthesis to prevent adhesions with the
cavity viscera by the outer periphery of the prosthesis. The outer edge barrier may also
be configured or extended to isolate the margin of the first surface extending adjacent the
outer edge of the layer of fabric. The keyhole slit may also have a slit barrier portion.
The slit edges and/or the margin adjacent the slit edges of the tissue infiltratable fabric at
the keyhole slit may also encompass a slit barrier. The shape and dimension of the
various barrier portions may be modified as would be apparent to one of skill in the art,
and the invention is not limited to the particular configuration of the barrier sections
illustrated in the figures.

The implant may be formed from two or more segments that may be attached to

each other at one or more overlap areas to form the prosthesis. Portions of the segments
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between the overlap areas may be configured to form approximately 90° or more of the
outer periphery of the prosthesis. One or more of the overlap areas may have a nested
configuration to maintain a generally uniform thickness across the prosthesis.

FIGS. 1-6 illustrate one embodiment of a prosthetic repair fabric for repairing soft
tissue and muscle wall defects, particularly hiatal hernias, by promoting enhanced tissue
ingrowth while limiting the incidence of post-operative adhesions to the repair fabric.
The prosthesis 20 includes a body portion that is configured to cover the enlarged or
weakened portion of the hiatus or the operative sutures repairing the hernia such as are
applied in a cruroplasty. The body portion has a first surface 26 for facing the defect
region, such as the diaphragm, and a second surface 28 for facing the viscera. The body
portion includes a tissue infiltratable fabric 22. One or more regions of the body portion
may be configured as adhesion resistant to limit the incidence of postoperative adhesions
to selected regions of the prosthesis.

In certain repairs located proximate a tube-like structure, such as the esophagus,
the prosthesis may be configured to accommodate or conform to the esophagus or other
tube-like structure. In the illustrative embodiment, the prosthesis is provided with an
opening 30 that is adapted to receive the esophagus. The opening 30 is located within
the body portion of the prosthesis so that the esophagus is completely surrounded by the
prosthesis when it is implanted at the defect site. It is to be appreciated that the opening
may be provided on any suitable portion of the prosthesis for a particular repair. For
example, the opening may be located along one or more sides of the prosthesis so as to
only partially surround the esophagus with the prosthesis. The opening may have a round
shape or any other shape that is adapted to conform to the esophagus.

A slit 64 extends from the opening to the outer periphery 32 of the prosthesis,
providing a pathway for positioning the implant about the esophagus. The slit may be
located on any portion of the prosthesis and oriented to extend between the opening and
outer periphery from any suitable direction. The slit 64 and opening 30 may be pre-
formed with the prosthesis or formed by a surgeon during the repair procedure.

As indicated above, one or more selected regions of the prosthesis 20 may be
rendered adhesion resistant to limit the incidence of postoperative tissue adhesion
between the prosthesis and adjacent tissue, muscle and/organs, such as the esophagus,

spleen, liver, stomach, bowel, small and large intestine in the abdominal cavity or the
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heart and lungs in the thoracic cavity. In this regard, the prosthesis may include one or
more barriers that are configured and arranged to isolate the tissue infiltratable fabric so
as to inhibit undesirable adhesions. For example, the prosthesis may include any one or a
combination of two or more of a surface barrier on one or both sides of the fabric, an
edge barrier along one or more edges of the fabric and/or a margin barrier located
proximate to one or more edges of the fabric. The shapes, sizes and locations of the
various barriers may be selected to achieve any desired adhesion resistant characteristics
for the prosthesis as would be apparent to one of skill in the art.

In the illustrative embodiment shown in FIGS. 1-6, the prosthesis includes a
surface barrier 118 that is arranged to cover substantially the entire second surface 28
(viscera facing surface) of the fabric 22. In this manner, the surface barrier inhibits the
formation of adhesions between the fabric and the cavity viscera located opposite the
defect site. In one embodiment, the surface barrier 118 includes a sheet of adhesion
resistant material that is attached to the fabric.

The prosthesis also includes an inner edge barrier 114 and an inner margin barrier
116 to isolate the esophagus from portions of the fabric 22 proximate the opening 30.
More particularly, an opening edge 54, which extends between the first and second
surfaces of the fabric and defines a fabric opening, is covered by the inner edge barrier
114 so that the portion of the esophagus passing through the opening does not directly

contact the opening edge of the fabric. Similarly, a marginal portion 55 of the first

surface 26 (diaphragm facing) surrounding the fabric opening is isolated by the inner

margin barrier 116. The margin barrier limits the prospect of adhesions between the
segment of the esophagus extending through and adjacent the opening and the marginal
portions of the fabric proximate the opening.

In the illustrative embodiment, the inner margin batrier 116 includes an annular
ring of barrier material that overlies the first surface 26 of the fabric 22 at the inner
marginal portion 55 surrounding the opening 30. As shown, the inner edge 48 of the
margin barrier extends slightly beyond the opening edge 54 of the fabric. Similarly, the
inner edge of the surface barrier 118 extends inwardly beyond the opening edge of the
fabric so as to lie adjacent the inner edge of the margin barrier. The inner edge of the
margin barrier 116 is attached directly to the inner edge of the surface barrier 118,

without the intervening layer of fabric therebetween, to form the inner edge barrier 114
613334
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and isolate the opening edge of the fabric from the esophagus.

The prosthesis further includes an outer edge barrier 120 that extends around at
least a portion of the outer peripheral edge to reduce the incidence of adhesions between
the cavity viscera and the outer periphery 32 of the prosthesis. In the illustrative
embodiment, the outer edge barrier extends about the entire outer periphery of the
prosthesis. The outer edge barrier 120 is formed by rendering a peripheral segment of the
fabric 22 adhesion resistant, In one embodiment, the outer edge barrier is formed by
melting and resolidifying or otherwise heat sealing the outer periphery of the fabric. It is
to be understood, however, that the outer edge barrier may be formed by any suitable
arrangement apparent to one of skill in the art. For example, a barrier material may be
used to cover the fabric periphery or otherwise render the fabric adhesion resistant along
the periphery. Examples of suitable outer edge barriers are described in U.S. Application
No. 09/661,623, assigned to C.R. Bard, which is incorporated herein by reference.

An outer margin barrier is provided to isolate a marginal portion of the fabric
proximate the outer peripheral edge of the prosthesis. The outer margin barrier 122
extends inwardly from the outer edge along the first surface 26 of the fabric layer 22 to
limit the likelihood of adhesion formation to the prosthesis were the outer edge 32 to fold
back during placement or otherwise be exposed to tissue and organs post procedure. In
one embodiment, the outer margin barrier is formed by melting and resolidifying the
outer marginal portion of the fabric. However, any suitable isolation arrangement may be
employed as would be apparent to one of skill, including the various barrier
arrangements described above.

As indicated above, the prosthesis may be provided with a slit to allow ready
access to the opening 30. In some instances, it may be desirable to isolate the slit edges
and/or fabric margins along the entire length or a portion of the slit from the esophagus
or other tube-like structure. In the illustrative embodiment of FIGS. 1-6, a slit edge
barrier 124 is provided along each of the slit edges 72, 74 to isolate the slit from the
esophagus as the prosthesis is placed about the esophagus. The slit edge barrier 124 may
also reduce the incidence of adhesions between the slit and esophagus after implantation
of the prosthesis. The prosthesis also includes a slit margin barrier 126 along the margin
segments 65 adjacent each side of the slit 64 on the first side 26 of the fabric 22. In one

embodiment, the slit edge barriers 124 and the slit margin barriers 126 are formed by
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melting or heat sealing the slit edges and margins of the fabric. It is to be understood,
however, that any suitable isolation arrangement may be employed as would be apparent
to one of skill, including the various barrier arrangements described above.

In the illustrative embodiment shown in FIGS. 1-6, the inner edge barrier 114, the
inner margin barrier 116 and the surface barrier 118 are stitched to the fabric 22 with a
series of continuous connecting stitches 46. As shown in FIGS. 1-2, a pair of stitch lines
46A, 46B attach the annular barrier material to the fabric 22 and the surface barrier 118
to form the inner edge barrier 114 and the inner margin barrier 116. The first line of
stitches 46A attaches the inner peripheries of the annular barrier material and the surface
barrier 118 directly to each other to form the inner edge barrier 114 which substantially
isolates the inner edge 54 of the fabric 22 from the esophagus. The second line of
stitches 46B attaches the outer circumference of the inner margin barrier 116 and
corresponding region of the surface barrier 118 to the fabric 22. A third line of stitches
46C attaches the outer circumference of the surface barrier 118 to the fabric along the
outer periphery 32 of the implant.

It may be desirable to provide the surface barrier 118 with some amount of slack
so that the barrier does not necessarily lie directly against the second surface of the fabric
22. In this manner, the surface barrier is not tautly drawn against the surface of the
fabric, thereby allowing slight billowing of the bartier, which may enhance tissue
integration of the prosthesis. In one embodiment, the portion of the surface barrier 118
extending between the second and third stitch lines 46B, 46C is configured to billow
slightly relative to the fabric.

It is to be understood that other suitable stitch patterns may be implemented for
connecting one or more of the barriers to the fabric 22. Examples of other stitch patterns
include, but are not limited to, a plurality of intermittent stitches between the barrier and
the fabric, or a single line of continuous stitches that follow the contour of the periphery
32 and form a concentric, spiral pattern from the outer periphery 32 to the inner edge 48
of the prosthesis 20. It may be desirable to limit the amount of stitching to maintain the
flexibility of the prosthesis. Appropriate biocompatible thread materials may be used for
joining the barrier and tissue infiltratable materials together, as would be apparent to one
of skill in the art. For example, the stitches may include, but are not limited to,

polypropylene monofilament or ePTFE yarn.
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Rather than stitching the barrier materials to the fabric, other attachment methods
may be employed as would be apparent to one of skill in the art. For example, the barrier
and the fabric may be attached using any suitable tacking, stapling, heat bonding,
chemical bonding and molding techniques.

While specific barrier structures have been described above in connection with
various portions of the prosthesis, it is to be appreciated that other suitable barrier
structures may be employed with the prosthesis as would be apparent to one of skill in
the art. For example, any one or combination of barriers may be formed by altering or
treating the fabric so as to occlude tissue ingrowth, by covering the fabric with a barrier
material, or any combination of fabric treatment and barrier materials. Additionally, any
one or more of the barrier structures may be formed by both treating the fabric layer and
covering the treated fabric with a barrier layer. Several additional embodiments of other
barrier arrangements are described below.

FIGS. 7-8 illustrate another embodiment for the inner edge barrier to reduce the
incidence of adhesions to the esophagus. As shown in FIG. 8, the inner edge barrier 114
extends from the surface barrier 118 on the second surface of the tissue infiltratable
fabric 22 and across the inner edge of the fabric opening. The barrier material wraps
about the opening edge 54 and onto the first surface of the fabric 22 to form the inner
margin barrier 116. Ifthe inner margin barrier is unnecessary or not desired, the barrier
material may be configured to extend from the surface barrier 118 and across only the
opening edge of the fabric. The inner edge barrier 114 and/or inner margin barrier 116
may be joined to the fabric using any suitable attachment arrangement such as by
bonding, stitching, fusing and the like. Wrapping the barrier material about the opening
edge of the fabric layer provides the surface barrier 118, the inner barrier 114, and the
inner barrier 116 as a continuous, integrated structure. In this arrangement, the inner
edge barrier 114 is integrally attached to the surface of barrier 118, as a contiguous,
integral material.

To facilitate fabrication of the inner edge barrier 114 and/or the inner margin
barrier 116, the surface barrier 118 may include a plurality of flaps 70 that are configured
to fold into and extend through the opening in the tissue infiltratable fabric. The flaps 70
may be wrapped about and joined to the fabric or may remain unsecured; in either

arrangement, the flaps of barrier material are to be positioned between the esophagus and
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the tissue infiltratable layer, thereby reducing the incidence of adhesions with the fabric
edge of the opening or other potential damage to the esophagus. The flaps 70 may be
attached to the fabric using any suitable arrangement, such as by stitching, adhesive
bonding, chemical bonding, and the like. The flaps may be wrapped about and attached
to the fabric before or during the procedure or may be provided integrally formed to the
tissue infiltratable layer. Those skilled in the art will also recognize that the barrier flaps
may be separately attached to the tissue infiltratable fabric, rather than extend from the
barrier 118. The flaps may also extend through the opening and extend away from the
viscera facing side of the implant.

Rather than forming the inner edge barrier 114 and the inner margin barrier 116
from a layer of barrier material that covers portions of the fabric, it may be desirable to
treat or alter selected portions of the fabric to render those portions of the fabric resistant
to adhesion formation with tissue and organs. In another illustrative embodiment shown
in FIG. 9, the inner edge 54 of the fabric 22 is melted and resolidified to form the inner
edge barrier 114 and/or the inner margin barrier 116 about the inner edge and/or inner
margin of the fabric, respectively. If desired, those portions of the fabric may also be
covered with separate barrier material to further enhance the adhesion resistant
characteristics of the barriers 114, 116.

In some instances, it may be desirable to form the outer edge barrier 120 and
outer margin barrier 122 from barrier material that is arranged to cover selected portions
of the fabric 22. In the illustrative embodiment shown in FIG. 7, the outer edge barrier
120 and the outer margin barrier 122 extend from the surface barrier 118 covering the
viscera facing side. As shown, the surface barrier is configured to extend beyond the
outer edge 78 of the tissue infiltratable layer 22 to isolate the outer edge and/or outer
margin of the fabric from contact with organs and tissue. It is to be appreciated that this
extension of the surface barrier may be folded about the outer edge and over a portion of
the first surface of the tissue infiltratable layer and joined to the fabric by stitching,
chemical bonding, heat bonding and the like.

The prosthesis 20 may be provided with one or more barriers that are pre-attached
to the fabric and/or other barriers. Alternatively, the prosthesis may be provided as a kit
of separate parts with the barriers either being attached to the fabric and/or other barriers

during the repair procedure or simply overlaid on a desired portion of the fabric 22 to be
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held in place by adjacent tissue and/or organs.

In one embodiment, the tissue infiltratable layer 22 is formed of a sheet of
biologically compatible, flexible, prosthetic repair fabric having a plurality of interstices
or openings which allow tissue ingrowth, integrating the repair device to host tissue after
implantation. The suture pull-out strength of the tissue infiltratable layer and/or the
barrier portions should be sufficient to support the underlying anatomical weakness and
withstand the dynamic environment of the implant area. In the case of hiatal hernia
repair, the mesh preferably has a suture pull-out strength of approximately 2 pounds per
square inch and is sufficiently flexible to accommodate the dynamic environment about
the esophagus during respiration, coughing, and swallowing. A representative material is
knitted polypropylene monofilament mesh, such as BARD MESH, available from C.R.
Bard, Inc. When implanted, the polypropylene mesh promotes rapid tissue ingrowth into
and around the mesh structure. Alternatively, other surgical materials which are suitable
for tissue reinforcement in defect closure may be utilized including, without limitation,
polytetrafluoroethylene (PTFE) mesh, PROLENE, SOFT TISSUE PATCH (microporous
ePTFE), SURGIPRO, TRELEX, ATRIUM, MERSELENE, non-absorbable collagen,
and polyester. Absorbable materials, including polyglactin (VICRYL), polyglycolic acid
(DEXON), and absorbable collagen may also be employed. It is contemplated that the
fabric may be formed from monofilament or multifilament yarns which may be woven,
knitted, molded, or otherwise interengaged to form the tissue infiltratable component of
the implant.

In one embodiment, one or more of the barriers may be formed from a sheet of
expanded polytetrafluoroethylene (ePTFE), such as GORE-TEX available from W.L.
Gore & Associates, Inc., having a pore size (submicronal) that discourages tissue
ingrowth and adhesion. A representative and non-limiting sampling of other suitable
barrier materials includes silicone elastomer, such as SILASTIC Rx Medical Grade
Sheeting (Platinum Cured) distributed by Dow Corning Corporation, TEFLON mesh,
microporous polyproplyene sheeting (CELGARD), collagen, hyaluronic acid,
carboxymethyl cellulose, and glycolic acid polymers. Autogenous, heterogeneous, and
xenogeneic tissue also are contemplated including, for example, pericardium and small
intestine submucosa. Absorbable materials, such as oxidized, regenerated cellulose

(INTERCEED (TC7)) may be employed for some applications. The barrier can be a
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blend, mixture, or hydrogel of any of the materials to form a temporary or permanent
barrier for adhesion formation.

As indicated above, one or more of the barriers may be formed by treating or
altering a portion of the tissue infiltratable layer to form a surface that does not promote
tissue ingrowth. In one embodiment, one or more portions of the fabric layer are melted
and resolidifed to render those portions of the fabric adhesion resistant. Other suitable
techniques may include ultrasonic, induction, vibration, infrared/laser welding and the
like. The fabric pores may be sealed with compatible materials to prohibit tissue
ingrowth. As is to be appreciated, any suitable method may be used to render selected
portions of the prosthesis adhesion resistant as would be apparent to one of skill in the
art.

The prosthesis 20 of tissue infiltratable fabric and barrier regions is relatively flat
and sufficiently pliable to allow a surgeon to manipulate the shape of the implant to
conform to the anatomical site of interest and to be sutured or stapled thereto. The
prosthesis 20 may be delivered, if desired, to the patient’s cavity through a trocar or a
laparoscopic cannula for skin incision. The shape and size of the prosthesis 20, including
the fabric 22 and any of the barriers, may vary according to the surgical application as
would be apparent to one of skill in the art. In this regard, it is contemplated that the
fabric and/or any barrier may be pre-shaped or shaped by the surgeon during the surgical
procedure.

In some instances, it may be desirable to pre-shape the prosthesis 20 to fit the
general anatomy near a hiatal hernia. The prosthesis 20 may be shaped to fit within the
abdominal cavity and positioned under the diaphragm and around the esophagus or under
the diaphragm and proximate the esophagus. Alternatively, the prosthesis may be shaped
to fit within the thoracic cavity and positioned over the diaphragm, over any hiatus,
and/or over any suture site for a cruroplasty or fundoplication.

In the illustrative embodiment shown in FIGS. 1-6, the prosthesis has a generally
oval or egg shape suitable for augmenting or repairing a hiatal or other diaphragmatic
hernia. The geometry of the prosthesis 20 is substantially elliptical with a major axis 38
and a minor axis 40 that intersect at an origin 42 located at the mid-point of both axes.
As illustrated in FIG. 1, the prosthesis is substantially symmetric about the major axis 38

and is substantially asymmetric about the minor axis 40, providing a generally ellipsoid
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shape (e.g., egg shape) with a narrower or acute end 36, a wider or obtuse end 34, and
lateral and medial sides 110, 112 that converge towards each other in a direction from the
obtuse end toward the acute end. It is to be appreciated that the prosthesis may be
configured with any suitable shape, such as a shape that is symmetric about both axes,
asymmetric about both axes, or asymmetric about the major axis and symmetric about
the minor axis.

The opening 30 for receiving the esophagus or other tube-like structure may be
positioned in any desirable location, relative to the body portion, that is suitable for a
particular repair. In the illustrative embodiment, the opening 30 is positioned with its
center 44 located along the major axis 38 and off-set from the minor axis 40 of the body
toward the acute end 36. As shown, the opening has a circular or ovoid shape configured
to receive the esophagus or other tube-like structure, although any suitably shaped
opening apparent to one of skill in the art may be employed with the prosthesis.

In the illustrative embodiment shown in FIGS. 1-6, the prosthesis includes a pair
of tails 66, 68 at the acute end 36 of the body portion. The tails 66, 68, which are
separated by the slit 64, independently or together may be spread, lifted, folded back or
otherwise separated to create an access passage 88 for introducing the esophagus to the
opening 30. In an unstressed, natural configuration of the implant, the tails lie adjacent
each other on opposite sides of the slit in a substantially planar arrangement, as shown in
FIG. 1.

In one exemplary embodiment associated with FIGS. 1-6, the prosthesis 20
includes an approximately 0.025 to 0.030 inch thick sheet of BARD MESH knitted from
polypropylene monofilament with a diameter of approximately 0.006 inches. The
surface barrier 118, and the inner margin barrier are formed with approximately 0.006 to
0.008 inch thick sheets of ePTFE attached to the mesh and each other using
approximately 4 mm to 6 mm long stitches formed of a 0.006 inch diameter
polypropylene monofilament. The prosthesis 20 has a length along the major axis 38 of
approximately 10.5 cm and a width along the minor axis 40 of approximately 8.4 cm.

The opening 30 in the prosthesis 20 is substantially circular and sized to
accommodate an esophagus. A small esophagus is typically 2-3 cm in diameter and a
large esophagus is typically 3-4 cm in diameter. It may be desirable to size the opening

so as o allow approximately 0.25 cm spacing between the opening edge 48 of the
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prosthesis 20 and the esophagus. In one embodiment, the opening has a diameter of
approximately 2.5 centimeters to approximately 4.5 centimeters. For accommodating a
small esophagus, the opening may be configured with a diameter of approximately 2.5 to
approximately 3.5 centimeters, and preferably approximately 3 centimeters. For
accommodating a large esophagus, the opening may be configured with a diameter of
approximately 3.5 centimeters to approximately 4.5 centimeters, and preferably
approximately 4 centimeters. It is to be understood, however, that the opening may be
configured to have any shape and size suitable for receiving an esophagus or other tube-
like structure.

In the embodiment shown in FIG. 1, the opening 30 is aligned with the major axis
38 and offset by approximately 0.8 cm from the minor axis 40 towards the acute end 36
of the prosthesis 20. The opening in the mesh fabric 22 has a radius of approximately
1.9 cm. The annular shaped barrier layer 116 overlays the mesh fabric 22 proximate the
fabric opening and has an inner radius of approximately 1.4 cm and an outer radius of
approximately 2.4 cm; thus, the annular barrier has a width of approximately 1.0 cm of
which approximately 0.5 cm overlays the first surface of the mesh fabric 22 and
approximately 0.5 cm extends beyond the inner edge 54 of the mesh fabric 22.

The surface barrier 118 is substantially symmetric with the mesh fabric 22 along
the outer periphery 32, and the opening in the surface barrier 118 is symmetric to the
inner radius of the annular barrier 116, which in the embodiment shown in FIG. 1 is
1.4 cm. The inner edges 48 of the annular barrier layer and the surface barrier extend
approximately 0.5 cm beyond the inner edge 54 of the opening 30 in the mesh fabric 22.
Thus, in the embodiment shown in FIG. 1, the opening 30 defined by inner edges 48 of
the barriers has a diameter of approximately 2.8 cm.

The outer edge and margin barriers 120, 122 are situated along the outer edge and
margin of the outer periphery 32 of the mesh fabric 22 and formed by heat melding the
mesh fabric 22 to close the interstices or openings in the mesh fabric 22 and to seal the
mesh to the barrier 118. The outer margin barrier 122 has a width of approximately 1/16
to 3/8 inch. The slit edges and margins of the mesh fabric at the slit 64 are also heat
sealed to form slit barriers 124, 126.

It should be understood that the dimensions provided above are merely exemplary

and that any suitable sizes and shapes may be employed for the prosthesis 20.
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FIGS. 10-11 illustrate several representative applications of the prosthesis in the
repair of a hiatal hernia and/or in the treatment of GERD. As shown in FIG. 10 the
prosthesis 20 may be placed over the defect without approximating the tissue, effecting
the repair in a substantially tension-free manner. As shown in FIG. 11, the prosthesis
may be employed in conjunction with a cruroplasty to reinforce the stitches with tissue
infiltration over a surface area and alleviate the likelihood of suture pullout when a force
is applied to the crura, that otherwise potentially could lead to recurrent herniation. It is
to be understood that the prosthesis may be employed in any suitable manner for other
procedures as would be apparent to one of skill.

After placement of the prosthesis at the defect site, with the esophagus extending
through the opening 30 and with the first surface 26 facing the diaphragm, the prosthesis
20 may be rotated such that the acute end of the prosthesis is positioned toward the

posterior of the patient, where it may be easier to suture or otherwise join the tails

~ together. It is known, for example, during a cruroplasty to bias the esophagus superiorly

and anteriorly to facilitate the suturing behind and below the esophagus. After the tails
have been attached to each other to close off the access opening, the implant may be
rotated or otherwise manipulated so that the acute end 36 with the tails is positioned
anteriorly and the obtuse end 34 is located posteriorly over the hiatal defect. Since the
obtuse end may have greater structural integrity than the acute end, which includes the
tails sections held together by operatively placed sutures, it may be desirable then to
position the obtuse end of the prosthesis over the defect site.

In some instances, it may be desirable to overlap and secure the tails 66, 68 to
each other. Overlapping the tails may enhance the structural integrity of the prosthesis
along the access passage to the opening. Tail overlap may also facilitate adjustment of
the prosthesis about the esophagus or other structure. It may also allow a surgeon to
create a desirable non-planar or three-dimensional shape for the prosthesis that conforms
to the defect site.

In the illustrative embodiment shown in FIG. 12, the tails 66, 68 are overlapped
so that the implant acquires a generally conical shape with a generally concave surface
facing the viscera and a generally convex surface facing the diaphragm, specifically the
crura. Providing a convex shaped diaphragm facing surface may facilitate seating of the

implant to the slightly concave and irregular surface of the diaphragm. The implant may
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be arranged to include one of the concave/convex surfaces, both concave/convex
surfaces, or neither of the concave/convex surfaces, as would be apparent to one of skill
in the art. Further, the concavity/convexity shapes may be reversed; that is, the
diaphragm facing surface may include a concave shape and/or the viscera facing surface
may include a convex shape. Rather than manipulating the prosthesis into a particular
shape, it is to be appreciated that the implant may be preformed to have any desired
shape, such as a convex and/or concave appearance.

It may be desirable to configure the prosthesis with tails that overlap each other
when the implant is in a natural unstressed state. In this manner, the tails may be joined
together without changing the shape and/or inducing tension in the prosthesis. That is,
the shape of the implant may remain essentially unchanged after the tails are sutured or
otherwise attached together, forming a strong, complete ring around the esophagus
without imparting tension to the prosthesis.

In one illustrative embodiment shown in FIGS. 13-16, the prosthesis 20 is
configured with the tails 66, 68 overlapped at an overlap region 76 when the implant lies
substantially flat. If desired, the tails can be drawn further together, inducing tension in
the implant which may cause the prosthesis 20 to assume a non-planar, dome-like or
other three-dimensional shape.

The size and shape of the overlap area 76 of the tails 66, 68 may be selected to
provide an adequate area for fastening the tails 66, 68 together. As illustrated in FIG. 13,
the overlap area has a wedge shape, being narrower towards the opening 30 and wider
towards the outer periphery 32. It is to be appreciated that other overlap shapes may be
implemented with the prosthesis. For example, the wedge shape could be inverted from
the configuration shown, with the end toward the opening being wider than the end of the
overlap closer to the outer edge of the implant. In one embodiment where the tails may
be sutured to one another, the overlap area 76 may be at least approximately 1 cm wide at
its smallest dimension, and may be overlapped to be approximately 2-3 cm wide. In
another illustrative embodiment shown in FIG. 17, the overlap area 76 has a substantially
uniform width. Of course, any suitable shapes and sizes of the overlapping area may be
employed with the implant.

Simijlar to the various embodiments described above, this illustrative prosthesis

may include a tissue infiltratable layer and one or more barriers to isolate selected
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portions of the fabric from regions of potential adhesion. For example, any one or
combination of the inner opening edge, the inner margin, the outer peripheral edge, the
outer margin, the edges of the slit, the margin adjacent the slit, and the surface facing the
viscera, may include a barrier that is resistant to adhesion formation. The barriers may
include a barrier type fabric as well as a tissue infiltratable fabric that has been selectively
rendered adhesion resistant. Alternatively, the implant may be formed completely of a
barrier material.

To facilitate the fabrication of a prosthesis with an overlap region, the prosthesis
20 may be formed from two or more separate sections. In the illustrative embodiment
shown in FIGS. 13-16, the prosthesis 20 includes first and second segments 80A, 80B
that are joined to each other to form the implant. As illustrated, each segment is
generally C-shaped and includes first and second end portions with a curved mid-portion.
The first and second segments are arranged with the first and second end portions of the
first segment overlapping the first and second end portions of the second segment to form
the prosthesis with first and second overlap areas 76, 86. When combined, the first and
second segments form the body portion of the prosthesis with an opening 30 for
receiving the esophagus or other tube-like structure. In this manner, a portion of the
outer periphery of each segment forms the outer periphery of the implant and a portion of
the inner periphery of each segment forms the opening.

In the illustrative embodiment, each segment includes a tissue infiltratable fabric
layer 22 and a surface barrier layer 118 that covers the surface of the fabric layer that will
face the abdominal viscera. Each segment also includes an inner edge barrier 114 along
the opening edge to reduce the incidence of adhesions to the esophagus. A margin
barrier 116 is provided on a portion of the first surface surrounding the opening. An
outer edge barrier 120 is provided along the outer edge of the fabric layer to reduce the
likelihood of adhesion formation at the periphery of the implant. An outer margin barrier
122 is also provided along thg outer margin of the fabric adjacent the outer periphery of
the first side of the prosthesis. It is to be understood that the prosthesis may include, if
even desired, any one or combination of these or other barriers to accommodate any
particular repair procedure.

As illustrated, each of the first and second segments 80A, 80B extends more than

180 degrees about the outer periphery of the implant to ensure that the segments provide
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a sufficient amount of material at their respective first and second end portions to create
the overlap areas. The mid-portion areas are configured to separate the overlap areas 76,
86 by more than approximately 90 degrees of the outer periphery of the implant. In the
embodiment shown in FIGS. 13-16, each mid-portion area extends approximately 170
degrees of the outer periphery of the implant and each overlap area extends
approximately 10 degrees of the outer periphery of the implant. It is to be appreciated
that each segment 80A, 80B may have any suitable asymmetric or symmetric shape and
may form any suitable amount of the outer circumference 32 of the prosthesis 20 and the

inner circumference 48 of the opening 30. For example, a mid-portion of one or both

segments may be configured to form 90 degrees or more of the outer periphery of the

prosthesis, or 120 degrees or more of the outer periphery.

In another illustrative embodiment shown in FIG. 18, the first segment 80A forms
approximately 180 degrees of the inner circumference 48 and the outer circumference 32
of the prosthesis 20, and the second segment 80B forms greater than 180 degrees of the
inner circumference 48 and the outer circumference 32 of the prosthesis 20 to form the
overlap areas 76, 86.

In the illustrative embodiments of FIGS. 13-18, the first and second segments are
joined to each other at the second overlap area so as to configure the prosthesis with a
pair of'tails 66, 68 at the first overlap area 76 that may be opened to receive the
esophagus into the opening. The second overlap area 86 is located approximately 180
degrees from the first overlap area 76 with the tails. Thus, in these embodiments, the
second overlap area 86 is located at the obtuse end 34 of the implant, and the first overlap
area 76 is located at the acute end 36 of the implant. It is to be understood that the
overlap areas 76, 86 may extend from the periphery 32 of the prosthesis 20 to the
opening 30 from any suitable direction and have any angular separation as would be
apparent to one of skill in the art.

When fabricating a prosthesis from multiple segments, such as described above, it
may be desirable to maintain a uniform thickness across the overlap areas and the mid-
portion areas of the segments. In one illustrative embodiment shown in FIGS. 19-21, the
first and second end portions of the segments 80A, 80B are configured to nest with one
another to form overlap areas having a thickness that approximates the thickness of the

mid-portions. As shown in FIGS. 20-21, the first overlap area 76 includes an end portion
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72 of the tissue infiltratable layer of the first segment 80A that extends beyond the end 92
of the surface barrier layer 118, and an end portion 74 of the surface barrier 118 of the
second segment 80B that projects beyond the\end 90 of the tissue infiltratable layer 22.
The projecting end extensions 72, 74 may have the same length as shown, or may have
different lengths so long as the dimensions allow the end extensions 72, 74 to nest with
each other. The end portions of the first and second segments may be similarly
configured at the second overlap area.

In some configurations, the segments may include multiple layers of materials
having different thickness relative to each other. For example, each segment 80A, 80B
may include a fabric layer 22 that is significantly thicker than a surface batrier 118
overlying the fabric layer. Eliminating a portion of the fabric layer from the end portion
of one segment without removing a corresponding portion of the surface barrier from the
end portion of the other segment may result in an overlap area having a thickness that
may be only slightly thicker than the rest of the implant, such that the prosthesis
essentially has a uniform thickness.

The prosthesis may be configured with a unitary body portion that includes a
single overlap area for providing access to the opening for the esophagus. In one
illustrative embodiment shown in FIG. 22, the body portion of the prosthesis includes a
tissue infiltratable layer 22 and a surface barrier layer 118 covering the viscera facing
surface of the implant. The fabric layer 22 has a first slit 94 extending from the opening
30 to the outer periphery of the implant, while the surface barrier 118 has a second slit 96
extending from the opening to the outer periphery. As shown, the first and second slits
are offset from each other. This slit arrangement results in a portion 90 of the fabric layer
22 extending beyond the surface barrier layer 118 on one tail 66 with a portion 92 of the
barrier layer extending beyond the fabric layer on the other tail 68 to create an overlap
area 76.

The tissue infiliratable fabric extension 90 and the surface barrier extension 92
nest with one another to maintain a uniform thickness for the implant. Lifting one
extension relative to the other creates an access passage 88 for positioning the prosthesis
about the esophagus. It is to be appreciated that the slits may extend to the opening 30
from any direction to locate the access passage at any suitable portion of the implant. As

shown, the overlap area 76 is located at the obtuse end of the implant, although it could
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be located at the acute end 36 to minimize the amount of stitching during the repair
procedure and to place the surgical stitches away from the hiatal hernia.

In certain repair procedures, it may be desirable to employ a prosthesis that
extends about only a portion of the esophagus or other tube-like structure, rather than
completely about the structure. In one illustrative embodiment shown in FIGS. 23-24,
the prosthesis 20A has a partial annular shape configuration, similar in arrangement to
the obtuse end of the implant described above. The prosthesis includes a body portion
134 that is configured to cover the defect, such as an enlarged or weakened hiatus. The
prosthesis is provided with a partial opening 132 that is adapted to receive a portion of
the esophagus. As shown, the body portion has a generally C-shape and the edge of the
opening is defined by a semi-circular edge 128 of the body portion that is sized to receive
a portion of the esophagus.

In the illustrative embodiment, the body portion includes a tissue infiltratable
fabric layer 22, and a surface barrier layer 118 that covers the surface of the fabric layer
that will face the abdominal viscera. The implant also includes an inner edge barrier 114
along the opening edge to reduce the incidence of adhesions to the esophagus. A margin
barrier 116 is provided on a portion of the first surface surrounding the opening. An
outer edge barrier is provided along the outer edge 52 of the fabric layer to reduce the
likelihood of adhesion formation at the periphery of the implant. An outer margin barrier
122 is also provided along the outer margin of the fabric adjacent the outer periphery of
the first side of the prosthesis. It is to be understood that the prosthesis may include, if
even desired, any one or combination of these or other barriers to accommodate any
particular repair procedure.

Another illustrative embodiment of a prosthesis for repairing a hiatal hernia is
shown in FIGS. 25-26. The prosthesis 20B includes a body portion 134 with a curved or
partial annular shape that extends along an arc that is less than 180°. The body portion
includes an outwardly curving bottom edge 136, an inwardly curving top edge 54 and a
pair of side edges 138 that are angled so as to converge toward each other from the
bottom edge toward the top edge. The top edge 54 forms a partial opening that is
configured to receive and conform to the wall of the esophagus.

The body portion includes a tissue infiltratable fabric layer 22 and a surface

barrier 118 similar to those described above. The prosthesis also includes outer edge
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barriers 120 and outer margin barriers 122 along the bottom edge 136 and the side edges
138. The inner edge 54 is isolated from the esophagus or other tube-like structure with
an inner edge barrier 114 and an inner margin barrier 116. It is to be understood that any
one or combination of these or other barriers may be implemented with the prosthesis as
would be apparent to one of skill in the art.

In the illustrative embodiment shown in FIG. 26, the inner edge barrier 114
includes a continuous barrier cuff that wraps completely about the inner edge. In this
regard, the cuff extends continuously from the inner margin of the fabric layer 22 to form
the inner margin barrier 116, across the inner edge 54, and onto a portion of the surface
barrier 118 adjacent the edge. Of course, any suitable edge barrier configuration may be
implemented with the prosthesis.

FIGS. 27-28 illustrate several representative applications of the prosthesis of
FIGS. 25-26 in the repair of a hiatal hernia. As shown in FIG. 27, the prosthesis 20B
may be placed over the defect, without approximating the tissue, thereby effecting the
repair in a substantially tension free manner. As shown in FIG. 28, the prosthesis may be
employed in conjunction with a cruroplasty to reinforce the stitches with tissue
infiltration over a surface area to alleviate the likelihood of suture pull-out when a force
is applied to the crura, that otherwise potentially could lead to recurring herniation. It is
to be understood that the prosthesis may be employed in any suitable manner for other
repair procedures as would be apparent to one of skill.

Surgical treatment of GERD may include a fundoplication where the fundus is
wrapped around the lower esophagus to recreate or reinforce the LES. In some instances,
it may be desirable to employ a prosthesis in a fundoplication, such as a laparoscopic
Nissen fundoplication, to secure the wrépped fundus itself or to cover and augment a
repair maintained by other fastening mechanisms such as sutures, staples and the like. A
prosthesis indicated for a fundoplication may be suitably shaped to fit the particular
anatomy.

In one illustrative embodiment shown in FIG. 29, a prosthesis 20D includes a
body with a middle section 56 and a pair of end portions 58 that extend from opposite
sides of the middle section in a longitudinal direction. The middle section is narrower or
of lesser width than the end portions 58 of the body. As shown, the end portions 58 are

flared to provide additional surface area away from the middle section for tissue
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ingrowth. The body includes top and bottom edges 98 that curve toward each other in a
direction from the flared ends 58 toward the middle section 56. Rather than curved
edges, the top and bottom edges may include straight segments that extend linearly from
an intermediate point of each edge toward the body ends. As shown, the prosthesis has a
generally bow tie or butterfly shape, although any suitable shape may be employed for a
fundoplication patch. For example, the prosthesis may be configured with a rectangular,
oval, hour glass or other shape apparent to one of skill in the art.

The prosthesis 20D includes a body portion with a first surface 60 for facing the
fundus of the stomach at the site of the fundoplication, and a second surface 62 for facing
the abdominal cavity. The body portion includes a tissue infiltratable fabric 22 that
forms the first surface 60 of the implant and a surface barrier layer 118 that forms the
second surface 62 of the prosthesis. Since the stomach is a particularly sensitive organ, it
may be desirable to use tissue infiltratable materials that are less aggressive and/or semi-
permanent, such as collagen or PTFE mesh. The prosthesis 20D may also include one or
more edge and/or margin barriers 120, 122 around the outer periphery and outer margin
of the prosthesis, as discussed above. In another embodiment, the prosthesis 20D may be
made entirely of a barrier material. ‘

In one embodiment, the prosthesis 20D has a length of approximately 6.5 cm in a
direction along the longitudinal axis, a width of approximately 3 cm at its narrow middle
section 56, and a width of approximately 4 cm at the flared end portions 58. It is to be
understood that these dimensions are exemplary and that the prosthesis 20D may be
configured in any suitable size for buttressing, or replacing, the sutures of a
fundoplication.

FIGS. 30-32 illustrate several representative applications of one or more
prostheses in the repair of a hiatal hernia, reinforcing a cruroplasty and/or reinforcing a
fundoplication. As shown in FIG. 30, the prosthesis 20D of FIG. 29 may be placed over
a portion of the stomach to reinforce the sutures 210 of a fundoplication. As shown in
FIG. 31, a fundoplication patch 20D may be employed in conjunction with a hiatal hernia
patch 20B which is reinforcing the stitches 206 of a cruroplasty. FIG. 32 illustrates a
prosthesis 20D reinforcing a fundoplication in combination with a prosthesis 20B
implanted to repair a hiatal hernia in a tension-free manner. As is to be appreciated, any

suitable combination of prostheses may be employed in the repair of one or more
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conditions and/or defects as would be apparent to one of skill in the art.

In some repair procedures, it may be desirable to not only repair a defect, such as
a hiatal hernia, but also to combat GERD which can occur in a patient that has a hiatal
hernia. To treat GERD, the internal diameter of the esophagus may be narrowed or
reduced, so as to limit the flow of stomach fluid up into the esophagus. In one
illustrative embodiment shown in FIG. 33, a cuff 100 is separately wrapped around the
esophagus 202 to reduce the diameters of its external wall 220 and the internal wall 218.

As illustrated, the cuff may be wrapped about the portion of the esophagus extending
through a prosthesis 20 that is employed to repair the defect in a manner as described
above. In this arrangement, not only does the cuff aid in combating GERD, but it also
acts as barrier between the prosthesis and the esophagus.

Since it is desirable to avoid unduly constricting the walls of the esophagus so as
not to interfere with its function, the cuff may be formed from a material that is
expandable or otherwise allows the esophagus to expand, such as during swallowing and
the like. In one embodiment, the cuff may be formed from a collagen mesh, fabric or
film, although any suitable material may be used as would be apparent to one of skill in
the art. The cuff or wrap 100 may be cross-linked and may incorporate into the wall of
the esophagus 202, if desired.

Rather than a separate cuff to combat GERD, it may be desirable to employ a cuff
or wrap that is integral with a prosthesis for repairing the defect. In one embodiment (not
shown), the cuff may be provided as part of a prosthesis, such as a prosthesis similar to
that described above for FIGS. 1-6. The cuff may be provided proximate the opening of
the prosthesis so that it may be wrapped and secured about the esophagus as it passes
through the opening to decrease the inner diameter of the LES. One or more fasteners
may be provided to secure the cuff about the esophagus once the desired esophageal
narrowing has been achieved.

Since GERD can occur in a patient that has a hiatal hernia, it may be desirable to
treat GERD during a hiatal hernia repair. More particularly, a surgeon may find it
advantageous to treat GERD during the repair of a hiatal hernia using a laparoscopic
procedure.

In one illustrative embodiment of the invention as shown in FIGS. 35-36, one or

more external plications or pleats are formed on the external wall 220 of the esophagus
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202, such as along the LES, to reduce the inner diameter 218 of the esophagus 202 so as
to lower the incidence of GERD. The plications are configured to extend in a
longitudinal direction along the length of the esophagus 202, although any suitable
configuration may be implemented. For example, in another illustrative embodiment
shown in FIG. 37, the plications 222 may be formed laterally around the circumference
of the esophagus 202. While FIGS. 35-37 illustrate external plications, it should be
understood that the plications may be formed on the internal wall 218 of the esophagus
202. It is to be appreciated that the plications 222 may be formed using any suitable
method apparent to one of skill in the art including, but not limited to, suturing, stapling,
clipping, and tacking.

In one illustrative embodiment shown in FIG. 38, one or more plications 222 are
formed with a cinch tool 108 configured to create folds in the esophagus 202. The cinch
tool 108 may be attached at the end of an endoscope or laparoscope 106 to allow the
surgeon to visualize the tissue that is to be pleated during a minimally invasive
endoscopic or laparoscopic procedure. During a laparoscopic repair of a condition such
as a hiatal hernia, the plications 222 are placed on the external wall 220 of the esophagus
202 to avoid a separate endoscopic procedure to the inner walls 218 of the esophagus
202.

As shown in FIG. 38, the cinch tool 108 includes a capsule housing 110 with a
suction orifice 112 located on a side wall 104 of the capsule. The suction orifice 112 is
to be fluidly connected to a suction device (not shown) at the opposite end of the
endoscope or laparoscope 106. The capsule housing 110 is approximately 8-10 mm long
and has a cylindrical shape with a rounded end cup 114 to reduce any sharp edges that
may potentially damage surrounding tissue. It is to be understood that many other
housing shapes, sizes and arrangements may be employed for the tool.

As the surgeon directs the capsule housing 110 against the esophageal tissue 202
to be plicated, the suction device is activated to draw a fold 240 of LES tissue into an
internal chamber 116 of the capsule through the orifice 112. When adequate tissue
purchase is attained, preferably 3-5 mm thick, the surgeon activates a needle 118 that
pierces the folded tissue 240 and extends into the end cap 114 to deploy a suture tag 322.
The needle 118 is retracted with the suture tag captured in the end cap, and the tool is

withdrawn from the patient. Once withdrawn, the end cap 114 is removed to release the
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suture tag 322 which is then reloaded into the needle. The cinch tool 108 is then
reintroduced and placed against another region of the tissue to repeat the process of
folding and suturing the tissue.

After removal of the cinch 108 from the patient, the suture may be cut to remove
the tag and eliminate excess suture length. A knot pusher (not shown) may be used to tie
the suture with one or more half hitches, preferably a minimum of 5 half hitches. Once
the knots are secure, a suture cutter (not shown) may be employed to cut the sutures.
Thus, a plication 222 is formed by cinching together two folds 240 of LES tissue.

Although the illustrative embodiment describes forming a plication from two
folds, it is to be appreciated that a plication may include any number of folds as would be
apparent to one of skill in the art. For example, a plication may include a single fold or
three or more folds that have been cinched together. Additionally, individual plications
formed on the external wall of the esophagus may include different numbers of folds
relative to other plications.

In one embodiment, the cinch tool 108 is a BARD ENDOCINCH endoscopic
suturing system available from C.R. Bard, Inc. Although developed as an endoscopic
cinch tool the ENDOCINCH can be used laparoscopically, according to one embodiment
of the invention, to plicate the external wall 220 of the esophagus 202 to decrease the
inner diameter 218 of the LES 216 to combat GERD.

The internal diameter 218 of the LES may also be reduced using other suitable
methods apparent to one of skill. In one embodiment, RF energy or cryotherapy may be
applied to shrink the external and internal diameter of the esophagus 202. In another
embodiment, a bulking agent may be injected into the wall of the LES to increase the
external diameter 220 and reduce the internal diameter 218 of the LES. Those skilled in
the art will recognize that many methods and prostheses may be appropriate for
decreasing the internal diameter 218 of the LES and/or increasing the external diameter
220 of the LES.

It should be understood that the foregoing descriptions of various embodiments of
the invention are intended merely to be illustrative thereof and that other embodiments,
modifications, and equivalents of the invention are within the scope of the invention

recited in the claims appended hereto.
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Claims
1. An implantable prosthesis for repairing a tissue or muscle wall defect

located near the esophagus, the implantable prosthesis comprising:

a layer of repair fabric that is susceptible to the formation of adhesions with tissue
and organs, the layer of repair fabric including first and second surfaces and at least one
fabric edge extending from the first surface to the second surface, the first surface
adapted to face the tissue or muscle wall defect when the implantable prosthesis is placed
in a patient near the esophagus, the second surface adapted to face away from the tissue
or muscle wall defect and toward the patient’s cavity viscera, the layer of repair fabric
having an oﬁening that is adapted to receive the esophagus;

a surface barrier that inhibits the formation of adhesions with tissue and organs,
the surface barrier being disposed on at least a portion of the second surface of the layer
of repair fabric to inhibit the formation of adhesions between the portion of the second
surface and adjacent tissue and organs when the implantable prosthesis is placed in the
patient; and

at least one edge barrier that inhibits the formation of adhesions with tissue and
organs, the at least one edge barrier extending about at least a portion of the at least one
fabric edge to inhibit the formation of adhesions between the portion of the at least one

fabric edge and adjacent tissue and organs.

2. The implantable prosthesis according to claim 1, wherein the at least one
fabric edge includes an opening edge that defines the opening in the layer of fabric, and
wherein the at least one edge barrier includes an opening edge barrier that extends about
the opening edge to inhibit the formation of adhesions between the opening edge and the

esophagus.

3. The implantable prosthesis according to claim 2, wherein the opening

edge barrier includes at least one barrier layer that overlies the opening edge.

4. The implantable prosthesis according to claim 3, wherein the at least one

barrier layer further extends onto a portion of the second surface adjacent the opening.
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5. The implantable prosthesis according to claim 4, wherein the at least one

barrier layer further extends onto a portion of the first surface adjacent the opening.

6. The implantable prosthesis according to claim 5, wherein the opening
edge barrier is an integral extension of the surface barrier that is wrapped about the

opening edge.

7. The implantable prosthesis according to claim 3, wherein the at least one
barrier layer includes first and second barrier layers, the first barrier layer being disposed
on a margin of the first surface adjacent the opening and extending beyond the opening
edge, the second barrier layer being disposed on a margin of the second surface adjacent
the opening and extending beyond the opening edge to overlie the first barrier layer,
portions of the first and second barrier layers extending beyond the opening edge being

attached directly to each other to isolate the opening edge.

8. The implantable prosthesis according to claim 2, wherein the at least one
fabric edge further includes an outer peripheral edge, and wherein the at least one edge
barrier further includes an outer edge barrier that extends about at least a portion of the
outer peripheral edge to inhibit the formation of adhesions between the portion of the

outer peripheral edge and adjacent tissue or organs.

9. The implantable prosthesis according to claim 2, wherein the opening
edge barrier defines a prosthesis opening that has a diameter of approximately 2.5 cm to

approximately 4.5 cm.

10.  The implantable prosthesis according to claim 9, wherein the prosthesis

opening has a diameter of approximately 2.5 cm to approximately 3.5 cm.

11.  The implantable prosthesis according to claim 9, wherein the prosthesis

opening has a diameter of approximately 3.5 cm to approximately 4.5 cm.

12. The implantable prosthesis according to claim 1, wherein the at least one
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edge barrier includes a barrier layer that wraps about the at least one fabric edge from a
margin of the first surface adjacent the fabric edge to a margin of the second surface

adjacent the fabric edge.

13.  The implantable prosthesis according to claim 1, wherein the at least one
fabric edge includes an outer peripheral edge, and wherein the at least one edge barrier
includes an outer edge barrier that extends about at least a portion of the outer peripheral
edge to inhibit the formation of adhesions between the portion of the outer peripheral

edge and adjacent tissue or organs.

14.  The implantable prosthesis according to claim 13, wherein the outer edge
barrier includes a portion of the layer of repair fabric that has been altered to inhibit the

formation of adhesions thereto.

15.  The implantable prosthesis according to claim 1, wherein the at least one
fabric edge includes an outer edge and a pair of slit edges that extend from the opening to
the outer edge, and wherein the at least one edge barrier includes a slit barrier disposed

about a portion of each of the slit edges.

16.  The implantable prosthesis according to claim 15, wherein the slit barrier
includes a portion of the layer of repair fabric along each slit edge that has been altered to

inhibit the formation of adhesions thereto.

17.  The implantable prosthesis according to claim 1, wherein the layer of
repair fabric has a plurality of interstices that are constructed and arranged to allow tissue

ingrowth.

18.  The implantable prosthesis according to claim 1, wherein the layer of
repair fabric includes an outer peripheral edge and an access passage that extends from

the opening to the outer peripheral edge.

19.  The implantable prosthesis according to claim 1, wherein the layer of
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repair fabric has an ellipsoid shape with a major axis and a minor axis, the layer of repair
fabric being asymmetric about the minor axis and including an oblate end and an acute

end.

20.  The implantable prosthesis according to claim 19, wherein the opening

has a center that is located along the major axis and between the minor axis and the acute

end.

21.  The implantable prosthesis according to claim 20, wherein the layer of
repair fabric includes an outer peripheral edge and an access passage that extends from

the opening to the outer peripheral edge.

22.  The implantable prosthesis according to claim 21, wherein the access

passage is located at the acute end.

23.  The implantable prosthesis according to claim 1, wherein the layer of

repair fabric is formed from one of polypropylene mesh and PTFE mesh.

24.  The implantable prosthesis according to claim 1, wherein the at least one

edge barrier is formed from ePTFE.

25.  The implantable prosthesis according to claim 1, wherein the surface

barrier is formed from ePTFE.

26.  The implantable prosthesis according to claim 1, wherein the opening is a
complete opening that is adapted to completely surround the esophagus when the

implantable prosthesis is placed near the esophageal hiatus.

27.  The implantable prosthesis according to claim 1, wherein the opening is a
partial opening that is adapted to partially surround the esophagus when the implantable

prosthesis is placed near the esophageal hiatus.
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28.  The implantable prosthesis according to claim 27, wherein the layer of

repair fabric has a partial annular shape.

29.  The implantable prosthesis according to claim 27, wherein the layer of

repair fabric is C-shaped.

30.  The implantable prosthesis according to claim 1, wherein the surface

barrier is disposed on substantially the entire second surface.

31.  An implantable prosthesis for repairing a tissue or muscle wall defect
located near a tube-like structure, the implantable prosthesis comprising: ‘

a body portion that is constructed and arranged to be placed proximate the tissue
or muscle wall defect, the body portion including an outer periphery and having an
opening that is adapted to receive the tube-like structure, the body portion comprising;

a layer of repair fabric that is susceptible to the formation of adhesions with tissue
and organs, the layer of repair fabric including first and second surfaces and at least one
fabric edge extending from the first surface to the second surface, the first surface
adapted to face the tissue or muscle wall defect when the implantable prosthesis is placed
in a patient near the tube-like structure, the layer of repair fabric having a first slit
extending from the opening to the outer periphery to receive the tube-like structure in the
opening;

a surface barrier that inhibits the formation of adhesions, the surface barrier being
disposed at the second surface of the layer of repair fabric to inhibit the formation of
adhesions on the second surface when the implantable prosthesis is placed in the patient,
the surface barrier having a second slit extending from the opening to the outer periphery
to receive the tube-like structure in the opening, the second slit being offset from the first
slit, the second slit overlying a portion of the layer of repair fabric and the first slit

overlying a portion of the surface barrier.

32.  The implantable prosthesis according to claim 31, wherein the body
portion includes at least one edge barrier that inhibits the formation of adhesions with

tissue and organs, the at least one edge barrier extending about at least a portion of the at
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least one fabric edge to inhibit the formation of adhesions between the portion of the at

least one fabric edge and adjacent tissue and organs.

33.  The implantable prosthesis according to claim 32, wherein the at least one

edge barrier is formed from ePTFE.

34,  The implantable prosthesis according to claim 32, wherein the at least one
edge barrier includes a barrier layer that wraps about the at least one fabric edge from a
margin of the first surface adjacent the fabric edge to a margin of the second surface

adjacent the fabric edge.

35.  The implantable prosthesis according to claim 34, wherein the at least one
fabric edge includes an opening edge that forms the opening, and wherein the at least one
edge barrier includes an opening edge barrier that extends about the opening edge to

inhibit the formation of adhesions between the opening edge and the tube-like structure.

36.  The implantable prosthesis according to claim 32, wherein the at least one
fabric edge includes an outer peripheral edge, and wherein the at least one edge barrier
includes an outer edge barrier that extends about at least a portion of the outer peripheral
edge to inhibit the formation of adhesions between the portion of the outer peripheral

edge and adjacent tissue or organs.

37.  The implantable prosthesis according to claim 31, wherein the body
portion has an ellipsoid shape with a major axis and a minor axis, the body portion being

asymmetric about the minor axis and including an oblate end and an acute end.

38.  The implantable prosthesis according to claim 37, wherein the opening
has a center that is located along the major axis and between the minor axis and the acute

end.

39.  The implantable prosthesis according to claim 31, wherein the layer of

repair fabric has a plurality of interstices that are constructed and arranged to allow tissue
613334
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ingrowth.

40.  The implantable prosthesis according to claim 39, wherein the layer of

repair fabric is formed from one of polypropylene mesh and PTFE mesh.

41.  The implantable prosthesis according to claim 31, wherein the surface

barrier is formed from ePTFE.

42.  The implantable prosthesis according to claim 3 1, wherein the body
portion is constructed and arranged to be placed proximate a patient’s esophagus, the

opening being adapted to receive the esophagus.

43.  The implantable prosthesis according to claim 42, wherein the opening

has a diameter of approximately 2.5 cm to approximately 4.5 cm.

44.  The implantable prosthesis according to claim 43, wherein the opening

has a diameter of approximately 2.5 cm to approximately 3.5 cm.

45.  The implantable prosthesis according to claim 43, wherein the opening

has a diameter of approximately 3.5 cm to approximately 4.5 cm.

46.  An implantable prosthesis for repairing a tissue or muscle wall defect
located near a tube-like structure, the implantable prosthesis comprising:

a body portion that is constructed and arranged to be placed proximate the tissue
or muscle wall defect, the body portion including an outer periphery and having an
opening that is adapted to receive the tube-like structure, the body portion comprising;

a layer of repair fabric that is susceptible to the formation of adhesions with tissue
and organs, the layer of repair fabric including first and second surfaces, the first surface
adapted to face the tissue or muscle wall defect when the implantable prosthesis is placed
in a patient near the tube-like structure, the layer of repair fabric including an outer
peripheral edge and an opening edge, the outer peripheral edge extending from the first

surface to the second surface along the outer periphery, the opening edge extending from
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the first surface to the second surface along the opening; and

a plurality of barriers that inhibit the formation of adhesions on selected portions
of the layer of repair fabric when the implantable prosthesis is placed in the patient, the
plurality of barriers including a surface barrier disposed on at least a portion of the
second surface of the layer of repair fabric, a peripheral edge barrier disposed along at
least a portion of the outer peripheral edge of the layer of repair fabric, and an opening
edge barrier disposed along at least a portion of the opening edge of the layer of repair

fabric.

47.  The implantable prosthesis according to claim 46, wherein the surface

barrier is disposed on substantially the entire second surface.

48.  The implantable prosthesis according to claim 46, wherein the peripheral

edge barrier extends along substantially the entire outer peripheral edge.

49.  The implantable prosthesis according to claim 46, wherein the opening

edge barrier extends along substantially the entire opening edge.

50.  The implantable prosthesis according to claim 46, wherein the opening
edge barrier includes a barrier layer that wraps about the opening edge from a margin of
the first surface adjacent the opening edge to a margin of the second surface adjacent the

opening edge.

51.  The implantable prosthesis according to claim 46, wherein the layer of
repair fabric has a slit extending from the opening to the outer periphery to receive the
tube-like structure in the opening, the layer of repair fabric including a slit edge
extending from the first surface to the second surface along the slit, and wherein the
plurality of barriers includes a slit edge barrier disposed along at least a portion of the slit

edge of the layer of repair fabric.

52.  The implantable prosthesis according to claim 46, wherein the body

portion has an ellipsoid shape with a major axis and a minor axis, the body portion being
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asymmetric about the minor axis and including an oblate end and an acute end.

53.  The implantable prosthesis according to claim 52, wherein the opening

has a center that is located along the major axis and between the minor axis and the acute

end.

54.  The implantable prosthesis according to claim 46, wherein the layer of

repair fabric has a plurality of interstices that are constructed and arranged to allow tissue

ingrowth.

55.  The implantable prosthesis according to claim 54, wherein the layer of

repair fabric is formed from one of polypropylene mesh and PTFE mesh.

56.  The implantable prosthesis according to claim 46, wherein the surface

barrier is formed from ePTFE.

57.  The implantable prosthesis according to claim 46, wherein the opening

edge barrier is formed from ePTFE.

58.  The implantable prosthesis according to claim 46, wherein the body
portion is constructed and arranged to be placed proximate a patient’s esophagus, the

opening being adapted to receive the esophagus.

59.  The implantable prosthesis according to claim 58, wherein the opening

has a diameter of approximately 2.5 cm to approximately 4.5 cm.

60.  The implantable prosthesis according to claim 59, wherein the opening

has a diameter of approximately 2.5 cm to approximately 3.5 cm.

61.  The implantable prosthesis according to claim 59, wherein the opening

has a diameter of approximately 3.5 cm to approximately 4.5 cm.
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62.  An implantable prosthesis for repairing a tissue or muscle wall defect
Jocated near a tube-like structure, the implantable prosthesis comprising:

a prosthetic repair fabric including an outer periphery and having an opening
therein that is adapted to receive the tube-like structure, the prosthetic repair fabric
including first and second segments, each of the first and second segments including a
layer of fabric that is susceptible to the formation of adhesions with tissue and organs,
ecach of the first and second segments including a first end and a second end, the first end
of the first segment overlapping the first end of the second segment at a first overlap area,
the second end of the first segment overlapping the second end of the second segment at
a second overlap area, the first segment including a first mid-portion between the first
and second overlap areas, the second segment including a second mid-portion between
the first and second overlap areas, each of the first and second mid-portions forming a
portion of the outer periphery of the prosthetic repair fabric that is greater than

approximately 90 degrees..

63.  The implantable prosthesis according to claim 62, wherein each of the
first and second mid-portions forms a portion of the outer periphery of the prosthetic

repair fabric that is equal to or greater than approximately 120 degrees.

64.  The implantable prosthesis according to claim 63, wherein each of the
first and second mid-portions forms a portion of the outer periphery of the prosthetic

repair fabric that is approximately 170 degrees.

65.  The implantable prosthesis according to claim 62, wherein each of the
first and second segments includes a surface barrier that inhibits the formation of
adhesions with tissue and organs, the surface barrier being disposed on a surface of the
layer of fabric to inhibit the formation of adhesions between the surface and adjacent

tissue and organs when the implantable prosthesis is placed in a patient.

66.  The implantable prosthesis according to claim 65, wherein at least one of
the first and second overlap areas is free of one of the layer of fabric and the surface

barrier of at least one of the first and second segments.
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67.  The implantable prosthesis according to claim 65, wherein the surface

barrier is formed from ePTFE.

68.  The implantable prosthesis according to claim 62, wherein each of the
first and second segments includes at least one fabric edge, each of the first and second
segments including at least one edge barrier that inhibits the formation of adhesions with
tissue and organs, the at least one edge barrier extending about at least a portion of the at
Jeast one fabric edge to inhibit the formation of adhesions between the portion of the at

least one fabric edge and adjacent tissue and organs.

69.  The implantable prosthesis according to claim 68, wherein the at least one
edge barrier includes a barrier layer that wraps about the at least one fabric edge from a
margin of the first surface adjacent the fabric edge to a margin of the second surface

adjacent the fabric edge.

70.  The implantable prosthesis according to claim 69, wherein the at least one
fabric edge includes an opening edge that forms a portion of the opening, and wherein
the at least one edge barrier includes an opening edge barrier that extends about the
opening edge to inhibit the formation of adhesions between the opening edge and the

tube-like structure.

71.  The implantable prosthesis according to claim 68, wherein the at least one
fabric edge includes an outer peripheral edge, and wherein the at least one edge barrier
includes an outer edge barrier that extends about at least a portion of the outer peripheral
edge to inhibit the formation of adhesions between the portion of the outer peripheral

edge and adjacent tissue or organs.

72.  The implantable prosthesis according to claim 68, wherein the at least one

edge barrier is formed from ePTFE.

73.  The implantablé prosthesis according to claim 62, wherein each of the
613334



10

15

20

25

30

WO 03/094786 PCT/US03/09370

43

first and second segments has a partial annular shape.

74.  The implantable prosthesis according to claim 73, wherein the prosthetic
repair fabric has an ellipsoid shape with a major axis and a minor axis, the prosthetic
repair fabric being asymmetric about the minor axis and including an oblate end and an

acute end.

75.  The implantable prosthesis according to claim 74, wherein the opening
has a center that is located along the major axis and between the minor axis and the acute

end.

76.  The implantable prosthesis according to claim 62, wherein the layer of
repair fabric has a plurality of interstices that are constructed and arranged to allow tissue

ingrowth.

77.  The implantable prosthesis according to claim 76, wherein the layer of

repair fabric is formed from one of polypropylene mesh and PTFE mesh.

78.  The implantable prosthesis according to claim 62, wherein the body
portion is constructed and arranged to be placed proximate a patient’s esophagus, the

opening being adapted to receive the esophagus.

79.  The implantable prosthesis according to claim 62, wherein the prosthetic

repair fabric has a flat configuration.

80.  An implantable prosthesis for repairing a tissue or muscle wall defect
located near a tube-like structure, the implantable prosthesis comprising:

a prosthetic repair fabric having an opening that is adapted to receive the tube-like
structure, the prosthetic repair fabric including first and second segments, each of the first
and second segments including a layer of repair fabric that is susceptible to the formation
of adhesions with tissue and organs and a surface barrier that inhibits the formation of

adhesions with tissue and organs, the surface barrier being disposed on a surface of the
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layer of repair fabric, each of the first and second segments including a first end and a
second end, the first end of the first segment overlapping the first end of the second
segment at a first overlap area, the first overlap area being free of one of the layer of

fabric and the surface barrier of at least one of the first and second segments.

81.  The implantable prosthesis according to claim 80, wherein the first

overlap area is free of the layer of fabric of one of the first and second segments.

82.  The implantable prosthesis according to claim 81, wherein the first

overlap area is free of the surface barrier of the other of the first and second segments.

83. The implantable prosthesis according to claim 80, wherein each of the
first and second segments includes a surface barrier that inhibits the formation of
adhesions with tissue and organs, the surface barrier being disposed on a surface of the
layer of fabric to inhibit the formation of adhesions between the surface and adjacent

tissue and organs when the implantable prosthesis is placed in a patient.

84.  The implantable prosthesis according to claim 80, wherein each of the
first and second segments includes at least one fabric edge, each of the first and second
segments including at least one edge barrier that inhibits the formation of adhesions with
tissue and organs, the at least one edge barrier extending about at least a portion of the at
least one fabric edge to inhibit the formation of adhesions between the portion of the at

least one fabric edge and adjacent tissue and organs.

85.  The implantable prosthesis according to claim 84, wherein the at least one
edge barrier includes a barrier layer that wraps about the at least one fabric edge from a
margin of the first surface adjacent the fabric edge to a margin of the second surface

adjacent the fabric edge.

86.  The implantable prosthesis according to claim 85, wherein the at least one
fabric edge includes an opening edge that forms a portion of the opening, and wherein

the at least one edge barrier includes an opening edge barrier that extends about the
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opening edge to inhibit the formation of adhesions between the opening edge and the

tube-like structure.

87.  The implantable prosthesis according to claim 84, wherein the at least one
fabric edge includes an outer peripheral edge, and wherein the at least one edge barrier
includes an outer edge barrier that extends about at least a portion of the outer peripheral
edge to inhibit the formation of adhesions between the portion of the outer peripheral

edge and adjacent tissue or organs.

88.  The implantable prosthesis according to claim 84, wherein the at least one

edge barrier is formed from ePTFE.

89.  The implantable prosthesis according to claim 80, wherein each of the

first and second segments has a partial annular shape.

90.  The implantable prosthesis according to claim 89, wherein the prosthetic
repair fabric has an ellipsoid shape with a major axis and a minor axis, the prosthetic
repair fabric being asymmetric about the minor axis and including an oblate end and an

acute end.

91.  The implantable prosthesis according to claim 90, wherein the opening
has a center that is located along the major axis and between the minor axis and the acute

end.

92.  The implantable prosthesis according to claim 80, wherein the layer of
repair fabric has a plurality of interstices that are constructed and arranged to allow tissue

ingrowth.

93.  The implantable prosthesis according to claim 92, wherein the layer of

repair fabric is formed from one of polypropylene mesh and PTFE mesh.

94.  The implantable prosthesis according to claim 80, wherein the surface
613334
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barrier is formed from ePTFE.

95.  The implantable prosthesis according to claim 80, wherein the body
portion is constructed and arranged to be placed proximate a patient’s esophagus, the

opening being adapted to receive the esophagus.

96.  The implantable prosthesis according to claim 80, wherein the prosthetic

repair fabric has a flat configuration.

97. A prosthetic repair fabric comprising:

a body portion of implantable, biocompatible prosthetic material, the body
portion including a middle section having a first width and a pair of end portions
extending in a longitudinal direction from opposite sides of the middle section, each end

portion having a second width that is greater than the first width.

98.  The prosthetic repair fabric according to claim 97, wherein the end
portions are flared and have a width that increases in the longitudinal direction away

from the middle section.

99.  The prosthetic repair fabric according to claim 98, wherein the body
portion includes top and bottom edges that converge toward each other in the

longitudinal direction from the end portions toward the middle section.

100.  The prosthetic repair fabric according to claim 99, wherein the top and

bottom edges are curved.

101.  The prosthetic repair fabric according to claim 97, wherein the body

portion has a generally bow-tie shape.

102.  The prosthetic repair fabric according to claim 97, wherein the body
portion includes a layer of fabric that is susceptible to the formation of adhesions with

tissue and organs, the layer of fabric including first and second surfaces and a fabric edge
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extending from the first surface to the second surface, the first surface adapted to face a
tissue or muscle wall when the prosthetic repair fabric is placed in a patient, the second

surface adapted to face away from the tissue or muscle wall and toward cavity viscera.

103.  The prosthetic repair fabric according to claim 102, wherein the body
portion includes a surface barrier that inhibits the formation of adhesions with tissue and
organs, the surface barrier being disposed on the second surface of the layer of fabric to
inhibit the formation of adhesions between the second surface and adjacent tissue and

organs when the prosthetic repair fabric is placed in a patient.

104. The prosthetic repair fabric according to claim 103, wherein the surface

barrier is formed from ePTFE.

105. The prosthetic repair fabric according to claim 102, wherein the body
portion includes an edge barrier that inhibits the formation of adhesions with tissue and
organs, the edge barrier extending about at least a portion of the fabric edge to inhibit the
formation of adhesions between the portion of the fabric edge and adjacent tissue and

organs.

106. The prosthetic repair fabric according to claim 102, wherein the layer of

fabric is formed from one of collagen, PTFE mesh and polypropylene mesh.

107. A method of treating gastroesophageal reflux disease, the method
comprising:

(@) creating at least one external fold on the external wall of the esophagus;
and

b) cinching the at least one external fold to create at least one external

plication on the esophagus.

108. The method according to claim 107, wherein step () includes creating a
plurality of external folds on the external wall of the esophagus, and step (b) includes

cinching the plurality of external folds to create a plurality of external plications.
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109.  The method according to claim 107, wherein step (a) includes creating
first and second external folds on the external wall of the esophagus, and step (b)
includes cinching the first external fold to the second external fold to create the at least

one external plication.

110.  The method according to claim 109, wherein step (a) includes creating a
plurality of pairs of first and second external folds, and step (b) includes cinching the first
external fold to the second external fold of each of the plurality of pairs of first and

second external folds to create a plurality of external plications.

111.  The method according to claim 109, wherein step (b) includes suturing the

first external fold to the second external fold.

112.  The method according to claim 107, wherein step (a) includes applying
suction to a portion of the external wall of the esophagus to draw the portion of the

external wall outwardly.

113.  The method according to claim 112, wherein step (a) includes inserting a

suture through the portion of the external wall.

114. The method according to claim 107, wherein the at least one external

plication extends in a longitudinal direction along a length of the esophagus.

115. The method according to claim 107, wherein the at least one external

plication extends in a lateral direction about an external circumference of the esophagus.

116. The method according to claim 107, wherein steps (a) and (b) are

performed laparoscopically.

117.  The method according to claim 107, further comprising a step (c) of

repairing a hiatal hernia.
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118. The method according to claim 117, wherein step of (c) includes

implanting a prosthetic repair fabric proximate the hiatal hernia.

613334
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