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IMPLANTABLE REPAIR DEVICE

BACKGROUND OF THE INVENTION

1. Field of the Invention
The present invention relates generally to implantable prosthesis, and more
particularly, to implantable prostheses having particular application for repairing

and/or reinforcing an anatomical defect such as a hernia.

2. Background Discussion
Various forms of implantable prostheses have been used for repairing or

reinforcing tissue defects, such as soft tissue and muscle wall hernias. For example,
it iIs well known to use an implantable fabric or mesh patch to cover the opening or
defect. When an anterior approach is used for the intra-peritoneal ventral hernia
repair with a “blind” technique for placing the patch, the patch must be collapsed for
passage through the incision and defect, and subsequently released and expanded
within the Intra-peritoneal space. The patch must then be positioned appropriately,
preferably as flat as possible, against the peritoneum. Typically, the side of the
patch facing the viscera has tissue barrier characteristics, such as a barrier layer or
film. The proper positioning of the patch, however, has proven to be difficult to do
through the central access incision in the defect.

More recently, at least one implantable prosthesis is known to include a strap
or the like that Is secured to a central location of the patch, and extends from the
side of the patch that faces the abdominal wall out through the incision to the
exterior of the patient's body. This device is described and illustrated in U.S. Patent
No. 7,101,381. The strap provides a means by which to pull on the patch once it is
iInserted In an effort to secure the patch against the parietal wall, thereby occluding
the defect. The strap Is either sewn on or otherwise separately secured to the
center of the patch, or i1s constructed in a manner that requires two separate portions

to be secured to the patch as shown in Fig. 7 of the publication. Following final
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placement of the patch, the straps are secured to adjacent fascia or muscle, such as
by suturing, with any excess length being trimmed off.

With devices of this type, , excess force exerted on the central portion of the
patch by the straps can cause the patch to collapse centrally so that the center of
the patch begins to pass through the defect, with the radial portion of the patch
buckling outwardly (away from the parietal wall) around it. This Is extremely
undesirable in that buckled or inverted edges expose the unprotected mesh material
(portions without a tissue barrier) directly to the internal viscera, increasing the
likelihood of undesirable attachments forming between the mesh and the viscera.
Further, the securing of the straps to the central portion of the patch may in and of
itself compromise the barrier layer. Thus, It iIs important in any such device to
ensure that the patch remains positioned in a uniform plane against the viscera
when pulling on the straps to position it.

Although this type of device may incorporate a resilient peripheral “ring” to
assist in returning the patch to the desired flat configuration following placement, this
rng does not significantly prevent the tendency to buckle as described above.
Further, the disclosed ring i1s comprised of a non-absorbable material, and thus
permanently leaves behind a substantial amount of material within the patient. This
can be particularly disadvantageous if the ring should ever fracture, which could
cause the rough fractured edge(s) to damage surrounding tissue.

Accordingly, it i1Is an object of the present invention to provide improved
Implantable prostheses for repairing and/or reinforcing soft tissue or muscle wall

defects.

SUMMARY OF THE INVENTION

The present invention provides an implantable prosthesis for repairing or
reinforcing a tissue or muscle wall defect including a first biocompatible structure

having a central portion sized and shaped to cover at least a portion of the tissue
2
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or muscle wall defect and having a top side, a bottom side, and first and second
extension portions extending laterally outward from opposite sides of the central
portion. The prosthesis further includes a reinforcement element positioned
adjacent the top side of the patch portion and having a top side, a bottom side,
and an outer circumferential edge, and a second biocompatible structure having a
top side and a bottom side and at least one opening therethrough, the at least one
opening being substantially centrally located. The first and second extension
portions of the first structure extend about the outer circumferential edge of the
reinforcement element and then inwardly along the top side of the reinforcement
element between the reinforcement element and the second structure, to a central
portion of the reinforcement element, and then outwardly from the central portion
through the at least one opening in the second structure. The first and second
structures are further secured to one another at least about a peripheral edge of
the prosthesis.

Also provided i1s an implantable prosthesis for repairing or reinforcing a
tissue or muscle wall defect that includes a first composite structure including at
least one layer of a non-absorbable material, where the first composite structure
has a central portion sized and shaped to cover at least a portion of the tissue or
muscle wall defect, and has an outer periphery. The prosthesis further includes a
second structure having a reinforced central region and an outer peripheral edge,
a reinforcing element positioned between the first and second structures, and
having an outer periphery and a stiffness greater than that of the first and second
structures, and at least one pulling element coupled to the reinforced central
region of the second structure. The second structure is coupled to the first
structure substantially only at their respective peripheries.

Finally, also provided is an implantable prosthesis for repairing or
reinforcing a tissue or muscle wall defect including a first substantially flat, flexible
composite structure including at least one layer of non-absorbable material, the
first composite structure having a central portion sized and shaped to cover at

least a portion of the tissue or muscle wall defect and having an outer periphery,
3
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and a second substantially flat, flexible, structure having an outer periphery
substantially similar to the outer periphery of the first structure, and having a
reinforced central region. The prosthesis further includes a three-dimensional
reinforcing element positioned between the first and second structures and having
an outer periphery substantially similar to the outer periphery of the first and
second structures, and at least one pulling element coupled to the central region
of the second structure. The first composite structure and the second structure
are coupled to one another substantially only around their respective outer

peripheries.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 i1s an exploded view of the components of a preferred embodiment of a
prosthesis according to the present invention;

Fig. 1a illustrates the prosthesis of Fig. 1 partially assembled;

Figs. 2-5 illustrates the prosthesis of Fig. 1 at various points during assembly;

Fig. 6 illustrates the prosthesis of Fig. 1 fully assembled;

Figs. 7-8 are perspective and side views of the reinforcement element of the
prosthesis of Fig. 1;

Figs. 9-13 illustrate various steps of a procedure for implanting a prosthesis
according to the present invention;

Figs. 14 and 14b are a cross-sectional views of the embodiment of Fig. 5;
and

Figs. 15 and 15a are cross-sectional views illustrating alternative

embodiments of a prosthesis according to the present invention.

DETAILED DESCRIPTION OF THE INVENTION

Before explaining the present invention in detail, it should be noted that the
iInvention is not limited in its application or use to the details of construction and
arrangement of parts illustrated in the accompanying drawings and description.

The illustrative embodiments of the invention may be implemented or incorporated
4
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In other embodiments, variations and modifications, and may be practiced or
carried out In various ways. For example, although the present invention is
described in detail as it relates to implantable prostheses for repairing umbilical
hernias, it is to be understood that such devices can readily be used for repairing
various other soft tissue or muscle wall defects, including but not limited to trocar
site punctures, small ventral hernias etc.

Referring now to Figs. 1-8 and 14a-b, a preferred embodiment of a
prosthesis of the present invention will now be described Iin detail. Prosthesis 100
IS a composite prosthesis formed from multiple elements as shown in Fig. 1,
Including a first composite structure 115, a reinforcing element 116 (together the
“first reinforced structure”), and a second structure 140. The first structure 115
has a central portion 115a sized and shaped to cover at least a portion of the
tissue or muscle wall defect, and preferably first and second extension portions
120, 127 extending laterally outward from opposite sides of the central portion.

The first structure further includes a patch member 102 having a top side
101 and a bottom side 103, and a patch portion 104 corresponding in size and
shape to central portion 115a. In the illustrated embodiment, patch portion 104 i1s
substantially circular in overall shape, having a diameter D of approximately 4.3 —
6.4 cm, which Is suitable for repair of a typical umbilical hernia defect. Extending
laterally outwardly from opposite sides 105, 106 of the patch portion are first 107
and second 108 extension portions corresponding substantially in size and shape
to first and second extension portions 126, 127. The patch member preferably
comprises a non-absorbable mesh structure, such as the PROLENE ™ Soft Mesh,
which is a knitted, non-absorbable polypropylene mesh manufactured by Ethicon,
Inc. of Somerville, NJ, although any suitable biocompatible material may be used.

Positioned adjacent the top 101 and bottom 103 sides of the patch portion
are first 109 and second 110 film layers respectively, preferably comprised of an
absorbable material such as polydioxanone. In a preferred embodiment, the first
layer 109 i1s approximately 0.0002 inches thick and the second layer 110 Is

approximately 0.0008 inches thick. Positioned adjacent a bottom side 111 of the
5
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second film layer 110 is a third layer 112, that also preferably is comprised of an
absorbable material. The absorbable material may be oxidized regenerated
cellulose (ORC), having a composition such as that manufactured and sold by
Ethicon, Inc. under the name INTERCEDE ™. The size and shape of the first,
second, and third layers are substantially similar to that of the patch portion 104,
and may mimic the patch member as a whole as illustrated for the first and
second film layers. The components are aligned as shown in Fig. 1, and then
secured together in any suitable manner, such as by bonding by heating the
assembly to a temperature of approximately 130 degrees Celsius for
approximately 30 seconds, to form the first structure 115. When implanted, the
third layer 112 provides a bioresorbable layer that physically separates and
protects the non-absorbable polypropylene mesh from underlying tissue and
organ surfaces during the wound-healing period to minimize tissue attachment to
the polypropylene mesh.

While the illustrative embodiment described for structure 115 discloses a
composite structure that provides an implant with a barrier surface on one side of
the implant while providing a second surface intended to incorporate into the
parietal wall, alternate monolithic layers are envisioned which incorporate both
functions into one structure. One example of such a monolithic structure Is

produced by W.L. Gore & Associates, a Delaware Corporation, and sold as GORE
DUALMESH®.

After forming the first structure 115, the ends of the first and second
extension portions 126, 127 respectively are folded over and sewn or otherwise
secured in place to form looped elements 120, 121 as best shown in Fig. 2. A
reinforcement element 116 (described in detall below), preferably having a
substantially similar size and shape as the patch portion 104, is then aligned
adjacent a top surface 113 of the first structure 115 as shown in Fig. 2. The first

and second extension portions 126, 127 of the first structure are extended around
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a circumferential edge 1 17 of the reinforcement element 1 16 and over the top

side 118 to a central portion 1 19 of the reinforcing element as shown in Fig. 3.

Referring back to Fig. 1, the preferred embodiment of the prosthesis also
includes a second structure 140 having an outer periphery 143 and a central
region 143a. The second structure further includes a second mesh layer 130,
third and fourth film layers 132, 134 positioned adjacent bottom 133 and top 135
sides thereof, and a separate stiffening element 136 in the central region,
preferably a film ring, having an outer diameter less than that of film layers 132,
134 and positioned adjacent a bottom side 137 of the third 132 film layer. The
second mesh layer 130 is preferably made of a synthetic, absorbable material,
such as VICRYL ™ Mesh, which is prepared from polyglactin 910 and also
manufactured and sold by Ethicon, Inc. of Somerville, NJ. The third and fourth
film layers and film ring are preferably comprised of polydioxanone. The layers
are aligned as illustrated and bonded together to form a second structure 140
having a top side 140a and a bottom side 140b. Alternatively, this composite
structure may be replaced be a monolithic layer that is formed of varying stiffness
regions with the central portion having significantly greater stiffness than the

regions near the perimeter of the layer.

The first reinforced structure 129 shown in Fig. 3 and the secona
structure 140 are then aligned as shown in Fig. 4 so that the first and secona
loops 120, 121 extend through first and second openings 142, 144 through the
second structure 140 as shown in Fig. 5, and then bonded (i.e., via ultrasonic
welding), fused, sewn, or otherwise joined together substantially only around
their respective outer peripheries with the exception of extension portions 126,
127 as described below. Finally, additional grasping elements 150, 151, such as
an ETHIBOND ™ polyester suture or the like (also manufactured by Ethicon,

Inc.), may be inserted through the first and second loops 120, 121 as shown In
Fig. 6.

As indicated, film ring 136 is bonded to the second structure 140, but Is
not bonded to the first reinforced structure. Further, the first and second
extension portions 126, 127 are coupled to the film ring 136 of the second

structure and are
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not otherwise secured to the first reinforced structure other than around the
peripheral edge. This configuration is advantageous in that it enables a
centralized force exerted on the first and second loops 120, 121 to be distributed
to the film ring 136, and thus distributed substantially uniformly through the
second structure 140 and ultimately to the outer periphery 146 of the prosthesis,
which i1s reinforced by the outer circumferential ring 180 of the reinforcement
element. This distribution of forces is illustrated in the cross-sectional view of Fig.
14b, where P denotes the pulling force exerted on the loops 120, 121 and p
denotes the resulting forces experienced by the prosthesis (as opposed to Fig.
14a illustrating the device with no pulling forces being exerted on it). This
substantially uniform distribution of centralized forces to the outer periphery of the
Implant provides significant improvements over known devices in the ability to
avold point stresses and potential damage to the implant at the attachment
point(s) of the straps, and to implant and correctly place the prosthesis.

The effective redistribution of forces as described above Is achieved with
the described and illustrated preferred embodiment, but can also be achieved In
various other alternative embodiments so long as central straps or other pulling
elements are secured to a centrally reinforced second structure that is coupled to
the first reinforced structure substantially only about its peripheral edge. For
example, an alternate embodiment could include a single 120a or separate straps
that are coupled or secured by any suitable means to a ring element 136a of a
second structure 140a as shown in Fig. 15, or may utilize one or more pulling
elements 120b, 121b or grasping means attached to a substantially solid central
element 136b as shown Iin Fig. 15a. Both embodiments enable the distribution of
loading during tensioning, however the embodiment illustrated in figure 15a
provides a three dimensional central portion 137a capable of at least partially
filling the defect in the fascial plane.

Referring now to Figs. 7 and 8, the reinforcing element 116 serves to
reinforce the implant, and maintain its proper substantially flat orientation covering

the defect within the patient’s body. The reinforcing element must be flexible
8
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enough to allow it to be collapsed for passage through the incision and defect, but
resilient enough to resume the substantially flat configuration once properly
placed. The element should control, in part or in whole, the direction of strain
when subjected to a radial compressive force. Additionally, the reinforcing
element must not inhibit tissue incorporation into the tissue support layer and
should provide means for the healing tissue to pass through to the tissue support
layer. The resilient element described and illustrated herein has been found
particularly suitable for these purposes, and its preferred three-dimensional
configuration greatly improves resistance to collapsing or buckling of the implant
after placement.

The three dimensional form provides the additional benefit of controlling the
direction of strain of the implant during placement. During installation and
following insertion of the device through the defect , the first and second loops
120, 121 are pulled on by the surgeon to ensure a proper and tight fit of the
implant relative to the defect. During this application of tension to the straps, the
force from the user is distributed from the center of the device uniformly to the
perimeter of the reinforcing layer thereby creating a radial compressive load in the
reinforcing layer. As this compressive loading increases on the reinforcing layer,
the strain in the reinforcing layer is directed towards the center of the device and,
In the preferred direction, away from the parietal wall. This controlled direction of
strain results in the perimeter of the device conforming tightly to the parietal wall
due to the increased strain in the third dimension of the form or “cupping” of the
reinforcing layer. This improved compliance of the perimeter of the device
prevents the user from collapsing the device in a direction that would cause
exposure of the side of the device to the viscera. While the specific embodiment
iIncorporates a semi-toroidal shape, it should be noted that any symmetrical three
dimensional form, such as a spherical shape, would provide the same functional
benefit during installation. As shown in the side view of Fig. 8, the reinforcing
element preferably has a three-dimensional ("three-dimensional” meaning having

a third dimension other than simple thickness of a planar structure), somewhat
9
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toroidal shape, with an outer circumferential ring 180 of the element lying
substantially in a first horizontal plane and an inner circumferential ring 182 lying
substantially in a second horizontal plane. Spoke like elements 184 extend
therebetween, and in the illustrated embodiment, an intermediate circumferential
ring 186 is positioned between the outer circumferential ring 180 and the inner
circumferential ring 182. The reinforcing element is preferably made of an
absorbable material, such as polydioxanone, with a thickness of approximately
0.015 inch which renders its stiffness greater than that of the first or second
structures 115, 140. In a preferred embodiment, it may further include one or
more rib-like elements 188 extending longitudinally along portions of the spoke-
like elements 184. The rib elements further reinforce and provide stability to the
implant and prevent permanent inversion of the formed shape from transient
compression perpendicular to the plane of the center portion of the three
dimensional reinforcing layer. The three-dimensional geometry and configuration
of the reinforcing element has proven to be superior over two-dimensional
geometries in achieving an optimum combination of flexibility, rigidity, resistance
to buckling, and controlling the direction of strain for the above-described
application.

Figs. 9-13 illustrate various steps of a method for implanting a prosthesis
according to the present invention. The skin and tissue In the area of the defect is
dissected to provide access to the surgical site. Preferably, the hernia sac is
exposed as illustrated in Fig. 9, with the sac divided and contents inverted as
shown in Fig. 10. The patch 100 is folded over with the side containing the straps
on the interior of the fold, and the exposed ORC fabric layer 112 on the exterior of
the fold as shown in Fig. 11. The patch 100 is then delivered into the surgical site
through the incision 200. This may be done In any suitable manner, including with
or without the use of a cannula or trocar to facilitate its passage. When the patch
IS fully within the intra-peritoneal space, the patch is released from its folded
configuration so that it resiliently resumes its original, substantially flat

configuration. Proper positioning against the internal viscera in the substantially
10
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flat configuration (with the ORC fabric layer 112 facing the internal viscera) Is
further facilitated by pulling slightly on the grasping elements 150, 151. Following
suitable placement, loops 120, 121 are secured to the anterior fascia as shown In
Fig. 12, leaving the implanted patch as shown in Fig. 13.

It will be apparent from the foregoing that, while particular forms of the
invention have been illustrated and described, various modifications can be made
without departing from the spirit and scope of the invention. Accordingly, it is not

intended that the invention be limited, except as by the appended claims.

11
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CLAIMS
What Is claimed is:

1. An implantable prosthesis for repairing or reinforcing a tissue or muscle wall
defect, comprising:.

a first biocompatible structure having a central portion sized and shaped fo
cover at least a portion of the tissue or muscle wall defect and having a top side, a
bottom side, and first and second extension portions extending laterally outward from
opposite sides of the central portion;

a reinforcement element positioned adjacent the top side of the central portion
and having a top side, a bottom side, and an outer circumferential edge; and

a second biocompatible structure having a top side and a bottom side and at
least one opening therethrough, the at least one opening being substantially centrally

located;
wherein the first and second extension portions of the first structure extend

about the outer circumferential edge of the reinforcement element and then inwardly
along the top side of the reinforcement element between the reinforcement element

and the second structure, to a central portion of the reinforcement element, and then
outwardly from the central portion through the at least one opening in the second

structure, the first and second structures being secured to one another at least about

a peripheral edge of the prosthesis.

2. The prosthesis according to claim 1, wherein the reinforcement element has a

stiffness greater than a stiffness of the first and second structures.

3. The prosthesis according to claim 1, wherein the reinforcement element

further comprises an outer circumferential ring and an inner circumferential ring and a

plurality of spoke elements extending therebetween.

4. The prosthesis according to claim 1, wherein the reinforcement element has a

three-dimensional shape.

12
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5. The prosthesis according to claim 4, wherein the reinforcement element
further comprises an outer circumferential ring, an inner circumferential ring, and a
plurality of spoke elements extending therebetween, and wherein the outer
circumferential ring lies substantially in a first horizontal plane and the inner
circumferential ring lies substantially in a second horizontal plane spaced apart from

the first horizontal plane.

o. The prosthesis according to claim 5, further comprising at least one rib-like

element extending outwardly from at least one of the plurality of spoke elements.

/. The prosthesis according to claim 6, wherein the at least one rib-like element

IS aligned longitudinally along a length of the at least one spoke element.

3. The prosthesis according to claim 1, wherein distal ends of the first and

second extension portions are folded over to form first and second looped elements.

9. The prosthesis according to claim 8, further comprising first and second

grasping members secured to the first and second looped elements respectively.

10.  The prosthesis according to claim 1, wherein the first structure further
COMPIrISES:

a patch member comprised of a non-absorbable mesh; and

first and second absorbable film layers positioned adjacent top and bottom

sides of the patch member respectively and secured thereto.

11.  The prosthesis according to claim 10, wherein the patch member is comprised

of polypropylene and the first and second film layers are comprised of polydioxanone.

13
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12.  The prosthesis according to claim 10, wherein the first structure further
comprises a third layer positioned adjacent to a bottom side of the second film layer

and secured thereto.

13.  The prosthesis according to claim 12, wherein the third layer is comprised of

an absorbable material.

14.  The prosthesis according to claim 13, wherein the third layer is comprised of

oxidized regenerated cellulose.

15.  The prosthesis according to claim 1, wherein the second structure further
comprises a ring element having an outer diameter less than an outer diameter of the
second structure, and wherein the first and second extension portions of the first

structure are coupled to the ring element.

16.  The prosthesis according to claim 15, wherein the second structure further
comprises a mesh layer, and third and fourth film layers positioned adjacent top and

bottom sides respectively of the mesh layer and secured thereto.

17.  The prosthesis according to claim 16, wherein the mesh layer and third and

fourth film layers of the second structure are comprised of absorbable materials.

18.  The prosthesis according to claim 17, wherein the mesh layer is comprised of

polyglactin and the third and fourth film layers are comprised of polydioxanone.
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