Office de la Propriete Canadian CA 2828117 A1 2014/03/28

Intellectuelle Intellectual Property
du Canada Office (21) 2 828 117
- organisme An agency of 12y DEMANDE DE BREVET CANADIEN
d'Industrie Canada Industry Canada
CANADIAN PATENT APPLICATION
(13) A1
(22) Date de dépot/Filing Date: 2013/09/24 (51) Cl.Int./Int.Cl. A67F 2/02 (2006.01),
(41) Mise a la disp. pub./Open to Public Insp.: 2014/03/28 A618 17/03 (2006.01)
(30) Priorités/Priorities: 2012/09/28 (US61/706 889): (71) Demandeur/Applicant:

COVIDIEN LP, US

(72) Inventeurs/Inventors:
THOMAS, JONATHAN, US;
ABUZAINA, FERASS, US

(74) Agent: OSLER, HOSKIN & HARCOURT LLP

2013/09/11 (US14/023,503)

(54) Titre : DISPOSITIFS MEDICAUX IMPLANTABLES QUI COMPRENNENT DES ELEMENTS PREHENSEURS ET LEURS

METHODES D'UTILISATION
(54) Title: IMPLANTABLE MEDICAL DEVICES WHICH INCLUDE GRIP-MEMBERS AND METHODS OF USE THEREOF

1153 115b 113

i aaaadaaaada

“"““"M"""“"

100"

TN
114

112
116

(57) Abrege/Abstract:
he present disclosure relates to implantable medical devices which include grip-members and methods of reinforcing tissue with

such devices.

<o
SoTEEN S /7

e

' A

3 '_{,-.Tl'.
o~

‘ l an a d a http:/opic.ge.ca + Ottawa/Gatineau K1A 0C9 - hmp./cipo.ge.ca o p1C
OPIC - CIPO 191




CA 02828117 2013-09-24

ABSTRACT

The present disclosure relates to implantable medical devices which include grip-

members and methods of reinforcing tissue with such devices.
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IMPLANTABLE MEDICAL DEVICES WHICH INCLUDE GRIP-MEMBERS AND

METHODS OF USE THEREOF

BACKGROUND

Technical Field

[0002] The present disclosure relates generally to implantable medical devices having at least

one biocompatible substrate including a first surface and a second surface, wherein the first and

second surface each include at least one grip-member.

Background of Related Art

[0003] Several types of wound closure devices and methods are known, and may include

sutures, staples, and surgical mesh. Application of most of these wound closure devices may be

time consuming, and may require considerable manual dexterity and patience. In addition, while

these methods may be functionally adequate, some may take too long to provide effective wound

closure, or be cosmetically unappealing.

[0004] Most prevalent is the use of needles and sutures. Sutures provide high tensile strength,
a low incidence of reopening, and can provide minimal cosmetic scarring. However, the

application of sutures may be time-consuming and may inflict additional trauma to the tissue

after each passing of the needle.
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[0005] Surgical staples may be applied more rapidly than sutures; however, staples may also
inflict additional trauma to the tissue and also may display a higher risk of the tissue opening.
[0006] Surgical mesh have also been used in combination with sutures and staples to reinforce
a wound. Prior art mesh may often be affixed to a tissue with a suture or staple and may only
provide support in a single plane, directly beneath the wound. In wounds that span two or more
planes of tissue, such a mesh may fail to adequately fill the wound and thus allows dead space to
exist between the multiple layers of tissue. It is believed that wounds which are not adequately
filled or include dead-space may promote seroma formation.

[0007] Thus, it would be beneficial to provide implantable medical devices which can attach
to multiple layers of tissue. In addition, it would be beneficial to provide implantable medical
devices which can attach directly to tissue with and/or without the use of an additional surgical
fastener, such as a suture, staple, and the like, thereby reducing trauma inflicted to the reinforced
tissue layers.

[0008] It would be further beneficial to provide implantable medical device which can
adequately fill an opening in two or more planes of tissue such that dead space between the

multi-planes of tissue maybe significantly reduced and the opportunity for seroma formation also

reduced.

SUMMARY

[0009] The present disclosure describes implantable medical devices which include a first
substrate having a first and second surface wherein each surface includes at least one grip-

member to help attach the implant to tissue.
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10010] In certain embodiments, the implantable medical devices for supporting tissue 1n
multiple planes include a first substrate and second substrate, the first substrate having a first
surface including a plurality of first grip-members and a second surface including a plurality ot
second grip-members; and, the second substrate having a third surface including a plurality of
third grip-members and a fourth surface including a plurality of fourth grip-members, wherein
the first substrate is attached to the second substrate via the second and third grip-members. In
embodiments, the first and second substrates may be removably attached to one another via the
grip-members.

[0011] Methods of reinforcing multiple planes of tissue during a surgical procedure are also
disclosed. In embodiments, methods of reinforcing tissue include, providing at least one
implantable medical device comprising a first substrate having a first surface including a
plurality of first grip-members and a second surface including a plurality of second grip-
members: and, a second substrate having a third surface including a plurality of third grip-
members and a fourth surface including a plurality of fourth grip-members, wherein the first
substrate is attached to the second substrate via the second and third grip-members; and,

positioning the at least one implantable medical device between two or more layers of tissue.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] The accompanying drawings, which are incorporated in and constitute a part of the
specification, illustrate embodiments of the disclosure and, together with a general description of
the disclosure given above, and the detailed description of the embodiments given below, serve

to explain the principles of the disclosure.
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[0013] FIG. 1 is a side view of an implantable medical device according to one embodiment

described in the present disclosure;

[0014] FIG. 2 is a side view of an implantable medical device according to another
embodiment described in the present disclosure;

[0015] FIG. 3 is a side view of an implantable medical device according to yet another
embodiment described in the present disclosure;

[0016] FIG. 4 is a side view of an implantable medical device according to still another
embodiment described in the present disclosure;

[0017] FIG. 5 is a perspective view of an implantable medical device according to still another
embodiment described in the present disclosure;

[0018] FIG. 6 is a perspective view of an implantable medical device according to still another
embodiment described in the present disclosure;

[0019] FIG. 7is a diagram showing a weave pattern for forming an implantable medical device
according to an embodiment described in the present disclosure; and,

[0020] FIGS. 8 and 9 are diagrammatic side views of a device permitting the formation of

grip-members on a surface of an implantable medical device described herein.

DETAILED DESCRIPTION
[0021] The present disclosure relates to implantable medical devices which display tissue-

gripping capabilities. In embodiments, the implantable medical devices include at least one
biocompatible substrate having at least a first and second surface wherein the each of the first
and second surfaces include grip-members. In embodiments, the first and second surtaces may

be on opposite portions of the biocompatible substrate, e.g., the grip-members may be on a top
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surface and a bottom surface of the substrate. In embodiments, the biocompatible substrates are
porous. In embodiments, the first biocompatible substrate comprises a mesh.

[0022] The present disclosure also relates to implantable medical devices which include more
than one biocompatible substrate. In embodiments, the implantable medical devices described
herein may be multi-planar and include a first substrate and a second substrate, the first substrate
having a first and second surface, the first surface including a plurality of first grip-members and
the second surface includes a plurality of second grip-members. The second substrate having a
third and fourth surface, the third surface including a plurality of third grip-members, and the
fourth surface including a plurality of fourth grip-members, wherein one of the first and second
orip-members are attached to one of the third and fourth grip-members to connect the first and
second substrates.

[0023] In embodiments, at least one of the biocompatible substrates may comprise a mesh. In
embodiments, at least one of the biocompatible substrates may be in a planar configuration. In
embodiments, at least one of the biocompatible substrates may comprise a non-planar
configuration, e.g., a conical configuration. In embodiments, more than two biocompatible
substrates may be used to form a multi-planar implantable medical device.

[0024] The implants described herein may be used for reinforcing tissue, and in particularly,
reinforcing tissue between multiple tissue planes. For example, the implants may be useful in
reinforcing tissues in surgical procedures such as abdominoplasty, breast reconstruction, midline
closures, lateral closures, hernia repair, retrorectus hernia repair, Rives-Stoppa procedures,
incisional hernias, cosmetic surgery, and the like. It is envisioned that the implants described
herein may be used to fill openings in multiple planes of tissue which decreases the likelihood of

creating dead-space in at least one of the planes of the tissue. It is further envisioned that a
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decrease in dead-space between tissue planes may greatly reduce the likelihood of seroma
formation.

(0025] In many surgical procedures, and particularly abdominoplasty, breast reconstruction,
midline closures, lateral closures, and hernia repairs, surgeons may attempt to attach sott tissue
layers to fascia layers via sutures which can be a time-consuming activity. Thus 1t is envisioned
that the utilization of the self-gripping multi-planar implants described herein may reduce the
time needed for stitching, reduce the dead space between multiple planes of tissue, and more
adequately support and/or reinforce the approximated multi-planar tissues. In addition, since a
portion of each of the multi-planar implants described herein may be positioned within each
layer of wound which spans multiple layers, the tension and/or stress needed to maintain the
tissue approximated is no longer applied to a single layer of tissue or a single planar substrate but
rather spread across multiple layers of tissue by the multi-planar implant.

[0026] The multi-planar implants include at least one substrate and more particularly at least
two substrates. Any biocompatible material may be used to form the biocompatible substrates
and/or the filaments described herein. For example, the substrate may be made from natural,
synthetic, bioabsorbable or non-bioabsorbable materials. It should of course be understood that

any combination of natural, synthetic, bioabsorbable and non-bioabsorbable materials may be

used to form the substrates or filaments described herein.

[0027] The term “bioabsorbable™ as used herein is defined to include both biodegradable and

bioresorbable materials. By bioabsorbable, it is meant that the materials decompose, or lose
structural integrity under body conditions (e.g. enzymatic degradation or hydrolysis) or are
broken down (physically or chemically) under physiologic conditions in the body such that the

degradation products are excretable or absorbable by the body.
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[0028] Representative natural bioabsorbable materials include: polysaccharides, such as
alginate, dextran, chitin, hyaluronic acid, cellulose, collagen, gelatin, fucans,
slycosaminoglycans, and chemical derivatives thereof (substitutions and/or additions of chemical
groups, for example, alkyl, alkylene, hydroxylations, oxidations, and other moditications
routinely made by those skilled in the art); and proteins, such as albumin, casein, zein, silk, and
copolymers and blends thereof, alone or in combination with synthetic polymers.

[0029] Synthetically modified natural polymers include cellulose derivatives, such as alkyl
celluloses, hydroxyalkyl celluloses, cellulose ethers, cellulose esters, nitrocelluloses, and
chitosan. Examples of suitable cellulose derivatives include methyl cellulose, ethyl cellulose,
hydroxypropyl cellulose, hydroxypropyl methyl cellulose, hydroxybutyl methyl cellulose,
cellulose acetate, cellulose propionate, cellulose acetate butyrate, cellulose acetate phthalate,
carboxymethyl cellulose, cellulose triacetate, and cellulose sulfate sodium salt. These are
collectively referred to herein as "celluloses.”

[0030] Representative synthetic bioabsorbable polymers include polyhydroxy acids prepared
from lactone monomers, such as glycolide, lactide, caprolactone, e-caprolactone, valerolactone,
and 8-valerolactone, as well as pluronics, carbonates (e.g., trimethylene carbonate,
tetramethylene carbonate, and the like), dioxanones (e.g., 1,4-dioxanone and p-dioxanone),
1,dioxepanones (e.g., 1,4-dioxepan-2-one and 1,5-dioxepan-2-one), and combinations thereof.
Polymers formed therefrom include: polylactides; poly(lactic acid); polyglycolides; poly(glycolic
acid); poly(trimethylene carbonate); poly(dioxanone); poly(hydroxybutyric acid);
poly(hydroxyvaleric acid); poly(lactide-co-(e-caprolactone-)); poly(glycolide-co-(e-
caprolactone)); polycarbonates; poly(pseudo amino acids); poly(amino acids);

poly(hydroxyalkanoate)s; polyalkylene oxalates; polyoxaesters; polyanhydrides; polyortho
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esters; and copolymers, block copolymers, homopolymers, blends, and combinations thereof. In
certain embodiments, the biocompatible substrate(s) may be formed using a combination of
bioabsorbable and non-bioabsorbable polymers.

[0031] Some non-limiting examples of suitable non-bioabsorbable materials include
polyolefins, such as polyethylene and polypropylene including atactic, isotactic, syndiotactic,
and blends thereof; polyethylene glycols; polyethylene oxides; ultra high molecular weight
polyethylene; copolymers of polyethylene and polypropylene; polyisobutylene and ethylene-
alpha olefin copolymers; fluorinated polyolefins, such as fluoroethylenes, inqluding expanded
polytetrafluoroethylene (ePTFE) and condensed polytetraflouroethylene ¢(PTFE),
fluoropropylenes, fluoroPEGSs, and polytetrafluoroethylene; polyamides, such as nylon and
polycaprolactam; polyamines; polyimines; polyesters, such as polyethylene terephthalate and
polybutylene terephthalate; aliphatic polyesters; polyethers; polyether-esters, such as
polybutester; polytetramethylene ether glycol; 1,4-butanediol; polyurethanes; acrylic polymers
and copolymers; modacrylics; vinyl halide polymers and copolymers, such as polyvinyl chloride;
polyvinyl alcohols; polyvinyl ethers, such as polyvinyl methyl ether; polyvinylidene halides,
such as polyvinylidene fluoride and polyvinylidene chloride; polyacrylonitrile;
polyaryletherketones; polyvinyl ketones; polyvinyl aromatics, such as polystyrene; polyvinyl
esters, such as polyvinyl acetate; copolymers of vinyl monomers with each other and olefins,
such as etheylene-methyl methacrylate copolymers, acrylonitrile-styrene copolymers, ABS
resins, and ethylene-vinyl acetate copolymers; alkyd resins; polycarbonates; polyoxymethylenes;
polyphosphazine; polyimides; epoxy resins; aramids, rayon; rayon-triacetate; spandex; silicones;

and combinations thereof
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[0032] Some examples of suitable biocompatible substrates include films, foams, meshes,
buttresses, patches, tapes, pledgets, occlusion devices, and the like. In certain embodiments, the
biocompatible substrate is a surgical mesh.

[0033] The biocompatible substrates may be formed using any method within the purview of
those skilled in the art. Some non-limiting examples include, weaving, knitting, braiding,
crocheting, extruding, spraying, casting, molding, and combinations thereot. In some
embodiments, the biocompatible substrate may be a two or three dimensional surgical mesh
which is woven, knitted, braided, or crocheted from at least one first filament to form the
substrate. The at least one filament may be a monofilament or a multifilament. In certain
embodiments, the biocompatible substrate may be a surgical mesh consisting of at least one first
filament made of polyethylene terephthalate.

[0034] The grip-members described herein, which are positioned on at least a portion of the
biocompatible substrate, may be formed from the same first filament used to form the substrate
and/or may be formed using a different second filament. The second filament may be a
monofilament or multifilament. The second filament may be made from any biocompatible,
bioabsorbable, or non-bioabsorbable material, including those described herein. In some
embodiments, the first and second filaments may be made from the same materials. In other
embodiments, the first and second filaments may be made from different materials. For
example, in some embodiments, the biocompatible substrate may be formed from at least one
first filament made from a non-bioabsorbable material, e.g., polypropylene, polyethylene
terephthalate, polytetrafluoroethylene, and the grip-members may be formed from at least one

second filament made from a bioabsorbable material, i.e., polylactic acid, polyglycolic acid, and

the like.
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[0035] The grip-members may include any configuration of filaments which extend from the

substrate in a manner which aids the substrate to attach to tissue and/or other portions of the
implant. Some non-limiting examples of grip-member configurations include loops, hooks,
spiked naps, barbed loops, barbed hooks, barbed spiked naps and combinations thereof. The
orip-members may be disposed in various arrangements along any portion of the substrate. The
grip-members may be formed using any suitable method, including but not limited to, injection
molding, stamping, cutting, laser, ultrasonics, melting, and combinations thereof. In
embodiments wherein the grip-members include barbs, the barbs may be uni-directional, multi-
directional, symmetrical, non-symmetrical, and combinations thereof.

[0036] The second filaments used to form the grip-members may be barbed at any time during
the manufacturing of the implants described herein. In some embodiments, the second filaments
may be barbed prior to being incorporated into the biocompatible substrate. In some
embodiments, the second filaments may be barbed after being incorporated into the
biocompatible substrate. In still other embodiments the second filaments may be barbed while
being incorporated into the biocompatible substrate.

[0037] In certain embodiments, the grip-members may be made form second filaments added
to the substrate as loops which extend from at least one surface of a biocompatible substrate in a
generally perpendicular manner. In other embodiments, the grip-members may be made from a
plurality of second filaments which individually extend from the surface of a biocompatible
substrate in a generally perpendicular manner. By generally perpendicular, the grip-members
may protrude from the surface of the substrate at about 90 degrees. In embodiments, the grip-
members may protrude from the surface of the substrate from about 45 to about 135 degrees, and

in embodiments from about 60 to about 120 degrees. In still other embodiments, the grip-

10
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members may extend from a side-surface of the substrate. In such embodiments, the grip-
members may extend along the longitudinal axis of the substrate. In still other embodiments, the
substrates may include grip-members which extend from a combination ot surfaces and/or
directions of the implant.

10038] Referring now to FIG. 1, which illustrates implantable medical device 100 which
contains biocompatible substrate 110 having first surface 111 and second surface 112. At least
one first grip-member 113 extends from first surface 111 of substrate 110 and at least one second
grip-member 114 extends from second surface 112 of substrate 110. As shown in FIG. 1,
implant 100 may be positioned between approximated tissues 115a and 115b and an underlying
layer of tissue 116 to support and/or reinforce the approximated tissue. Since first and second
grip-members 113, 114, respectively, have the ability to penetrate some portion of tissues 115a,
115b and 116, there may be no need to further penetrate the tissues with the likes of staples,
sutures, clips, adhesives and the like to maintain the approximated tissues 115a, 115b and/or to
secure the implant in the tissues. Although grip-members 113 and 114 may appear facing one
direction, it is envisioned that grip-members 113 and 114 may be uni-directional, bi-directional
and/or multi-directional.

[0039] In embodiments, the implantable medical devices described herein may be combined to
form multi-planar implants. For example, as depicted in FIG. 2, implantable medical device 200
includes first biocompatible substrafe 210 and second biocompatible substrate 220. First
biocompatible substrate 210 includes first surface 211 having a plurality of tirst grip-members
213 and second surface 212 having a plurality of second grip-members 214. Second
biocompatible substrate 220 includes third surface 221 having a plurality of third grip-members

223 and fourth surface 222 having a plurality of fourth grip-members 224. As further depicted in

11
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FIG. 2, second and third grip-members 214, 223 are interlocked connecting first substrate 210 to
second substrate 220. First and second substrates 210, 220 are vertically aligned between tissues
215a, 215b and 216.

[0040] In embodiments, the space S between the first and second substrates wherein the grip-
members interlock is more susceptible to tissue in-growth than either of the porous substrates
and as such may allow the tissue to grow more rapidly in space S. It is further envisioned that
the rapid ingrowth of space S will not only assist with interlocking of the grip-members, but also
the anchoring of the porous substrates.

[0041] In embodiments, the first and second substrates may be removably attached. In
embodiments, the first and second substrates may be combined by a surgeon at the site of
implantation and/or during the surgical procedure.

[0042] In some instances, the thickness of the tissue may be similar to the thickness of an
implant as shown in FIG. 1 which includes a single substrate. In some embodiments, as shown
in FIG. 2, the implantable medical devices described herein may include more than one substrate
to accommodate the varying thickness of certain tissues and or wounds in the tissue.

[0043] In still other embodiments, as shown in FIG. 3 for example, openings and/or wounds
tissue may span more than a single layer. In embodiments, openings and/or wounds in tissue
may vary in dimensions and may not necessarily be symmetrical. In embodiments, implantable
medical device 300 may include a plurality of substrates, 310, 320, and 330, each substrate

including at least two surfaces 311, 312, 321, 322, 331, 332 which contain grip-members 313,
314, 323, 324, 333, 334. As illustrated in FIG. 3, the first, second and third substrates 310, 320,
and 330, respectively, are not vertically aligned but rather staggered and/or 1n a step

configuration. The wound extends through several layers of tissue 315, 316,317 and 318 ina

12
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diagonal, stepped and/or non-perpendicular manner. In some embodiments, first substrate 310 is

smaller in area than second substrate 320 or third substrate 330.

[0044] As further illustrated in FIG. 3, some of second and third grip-members 314, 323 are
interlocked and connect first and second substrates 310, 320 and some of second and third grip-
members 314, 323 are not interlocked and are exposed to attach to tissue layers 316 and 317.
Fourth and fifth grip-members 324, 333 are interlocked and connect second and third substrates
320, 330 and some of fourth and fifth grip-members 324, 333 are not interlocked and are
exposed to attach to tissue layers 317 and 318.

[0045] In still other embodiments, as depicted in FIG. 4, the implants described herein may be
used to a midline closure. Implant 400 includes first substrate 410, second substrate, 420, and
third substrate 430, wherein second and third substrate 420, 430, respectively, are horizontally
aligned and first substrate 410 is positioned across point C wherein second and third substrates
420, 430 are connected. First substrate 410 includes top surface 411 and bottom surtace 412
which include first and second grip-members 413, 414, respectively. Second substrate 420
includes second top surface 421 and second bottom surface 422 which include third and tourth

arip-members 423, 424, respectively. Third substrate 430 includes third top surface 431 and
third bottom surface 432 which includes fifth and sixth grip-members 433, 434, respectively. In

addition, second substrate 420 and third substrate 430 further include side grip-members 425,
426, 435, 436 which are positioned along an outer edge of the substrate. As depicted in FIG. 4,

the side grip-members may allow multiple substrates to attach and align horizontally and/or
further attach the implants described herein to the tissue. In instances where the tissue 1s not
generally planar and/or symmetrical, it is envisioned that the addition of side-grip-members may

further stabilize the implants in the tissue.

13
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[0046] As shown in FIGS. 1-4, the implants described herein may include at least one
substrate which is generally planar. In some embodiments, such as those shown in FIGS. 5 and
6, the implants described herein may also include at least one non-planar substrate. In FIG. 5,
implant 500 includes first substrate 510 which includes outer surface 511 having a first set of
grip-members 513 and inner surface 512 having a second set of grip-members 514. Although
shown as a generally conical configuration, it is envisioned that other non-planar configurations
may be utilized in forming the implants described herein.

[0047] In FIG. 6, first substrate 610 is non-planar and second substrate 620 is generally planar.
First substrate 610 includes outer surface 611 containing first grip-members 613 and inner
surface 612 including second grip-members 614. First substrate 610 further includes top edge
640, bottom 650 and opening 655 which extends from top edge 640 to bottom 650 and 1s detined
by inner surface 612. Second substrate 620 includes third and fourth grip-members 623, 624.

As shown in FIG. 6, first grip-members 613 may be connected to third grip-members 623 to
form implant 600.

[0048] It is envisioned that in other embodiments the grip-members may comprise the entire

surface of the implant. In still other embodiments, the grip-members may be arranged only at the

corners of the implant. In yet another embodiment, the concentration of grip-members may vary
along different portions of the substrates. Other arrangements of the grip-members are possible

and should be apparent to one skilled in the art.

[0049] Although the planar substrates are shown to be generally rectangular, the substrates
described herein may be of any shape including elliptical, square, triangular, hexagonal, and

circular and the like. In addition, the substrate may include apertures to accommodate the

14
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passage of bodily tissue when implanted. The implant can be shaped and sized during

manufacturing or can be cut to a particular size and shape immediately betore use.

[0050] In certain embodiments, the implantable medical device may be a surgical mesh which
made from a plurality of first and second filaments woven in any suitable manner that allows the
filaments to form a substrate and form loops or naps which extend from at least one surface of
said substrate. FIG. 7 diagrams one representative pattern that will form grip-members in
accordance with the present disclosure. The implantable medical device may be made on a warp
knitting machine, of the tricot or Raschel type, with at least three sheets or warps of yarn and as
many guide bars.

[0051] The front and intermediate guide-bars may be threaded with a first set ot filaments or
yarns. The intermediate bars may be threaded, one guide full, three guides empty, with
monofilament or multifilament yarn. This yarn may be made from any suitable biocompatible
material; and in some embodiments, may be made from polyethylene terephthalate. This
filament or yarn is represented by a broken line and by reference number 11 in FIG. 7. The
intermediate bar works in such a way as to obtain a zigzag openwork pattern between the
columns of meshes.

[0052] The front bar is threaded; one guide full, one guide empty, and works in chain weave
with a multifilament or monofilament yarn, represented by number 12 in FIG. 7. The chain stitch
imprisons the monofilament 10 and maintains the knit in length while contributing to the

formation of the knit with the intermediate sheet formed by yarn 11.
[0053] The rear bar may be threaded, one guide full and one guide empty, with a second

filament, i.e., monofilament or multifilament. This second filament or yarn may be made from

15
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any suitable biocompatible material; and in some embodiments, may be made from polylactic

acid.
[0054] The diameter of the second filament 1s over 0.10 millimeter. In practice, this diameter

is between 0.14 and 0.18 millimeter and 1s of the order of 0.15 millimeter. This yarn or filament

is represented by reference number 10 and in a sohid line in FIG. 7.

[0055] The different filaments may be worked according to the following chart:

16
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[0056] The rear bar places the yarn in partial weft under the chain stitch and “thrown™ onto the
needle not forming a chain stitch. For this reason, at the next row, the needle not forming a chain
stitch not being supplied permits escape of the monofilament mesh which forms a loop (see
FIGS. 8 and 9) projecting from at least one surface of the medical device.

[0057] The medical device thus obtained may be a knit provided with loops which are
generally perpendicular to one of the surfaces of the substrate. The loops also display the
rigidity to hold at about a right angle, which is obtained by the rigidity or nerve of the second

filament employed. This rigidity or nerve may be necessary for the subsequent formation of the

spiked naps, barbed spiked naps, hooks, barbed hooks, and/or barbed loops which ensure a

tissue-gripping function.
[0058] Other patterns by which to obtain a knit with grip-members that protrude from at least

one surface should be apparent to one skilled in the art. For example, the knit described herein

may be stitched with loops on at least two surfaces of the mesh (FIG. 9) In other embodiments,
two knits with grip-members protruding from one surface may be combined to form the implants
described herein which include a substrate having grip-members on two or more surfaces. The

two or more knits may be combined using any method known to those skilled 1n the art

17
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including, adhesives, stitching, stapling, clips, and the like. In embodiments, a single knit may
be knitted which provides loops on both sides of a single knit.

[0059] FIG. 8 illustrates one method by which the grip-members can be converted from loops
801 into spiked and naps 802. In one embodiment, the method includes passing substrate 900
with loops 801 over cylinder 813 containing an electrical heating resistor. Substrate 800 may be
pressed flat on cylinder 813 by two pairs of rollers, upstream 815a, 815b and downstream 816a,
816b, respectively, which may be vertically displaceable for controlling the pressing force. This
control as well as that of the temperature of the resistor placed in cylinder 813 and of the speed
of movement of substrate 800 across cylinder 813 make it possible to melt the head of each of
the loops 801 so that each loop 801 forms two spiked naps 802.

[0060] Each spiked nap 802 thus has a substantially rectilinear body 804 protruding
perpendicularly with respect to the substrate 800. Rectilinear body 804 includes attached end
802a and free end 802b, with free end 802b having spike 803 of greater width than that of the
body 804. Spike 803 may have the shape of a sphere or mushroom.

[0061] FIG. 9 illustrates one method by which the grip-members can be converted from loops
901, 902 into spiked and naps 903, 904. In one embodiment, the method includes passing
substrate 900 with loops 901, 902 over cylinders 913a, 913b containing an electrical heating
resistor. Substrate 900 may be pressed flat on cylinders 913a, 913b by two pairs of rollers,
upstream 915a, 915b and downstream 916a, 916b, respectively, which may be vertically
displaceable for controlling the pressing force. This control as well as that of the temperature of

the resistor placed in cylinders 913a, 913b and of the speed of movement of substrate 900 across

cylinders 913a, 913b make it possible to melt the head of each of the loops 901, 902 so that each

loop 901, 902 forms two spiked naps 903, 904.
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[0062] In embodiments, the substrate and/or grip-members of the implantable medical device
can be combined with and/or coated with a bioactive agent. The term “bioactive agent”, as used
herein, is used in its broadest sense and includes any substance or mixture of substances that
have clinical use. Consequently, bioactive agents may or may not have pharmacological activity
per se, e.g., a dye. Alternatively a bioactive agent could be any agent that provides a therapeutic
or prophylactic effect, a compound that effects or participates in tissue growth, cell growth, cell
differentiation, and an anti-adhesive compound, a compound that may be able to invoke a
biological action such as an immune response, or could play any other role in one or more
biological processes. It is envisioned that the bioactive agent may be applied to the substrate
and/or loops or naps in any suitable form, e.g., films, powders, liquids, gels, and the like.

[0063] Examples of classes of bioactive agents, which may be utilized in accordance with the
present disclosure include: anti-adhesives; antimicrobials; analgesics; antipyretics; anesthetics;
antiepileptics; antihistamines; anti-inflammatories; cardiovascular drugs; diagnostic agents;
sympathomimetics; cholinomimetics; antimuscarinics; antispasmodics; hormones; growth
factors; muscle relaxants; adrenergic neuron blockers; antineoplastics; immunogenic agents;

immunosuppressants; gastrointestinal drugs; diuretics; steroids; lipids; lipopolysaccharides;
polysaccharides; platelet activating drugs; clotting factors; and enzymes. It is also intended that

combinations of bioactive agents may be used.
[0064] Anti-adhesive agents can be used to prevent adhesions from forming between the

implant and the surrounding tissues opposite the target tissue. In addition, anti-adhesive agents
may be used to prevent adhesions from forming between the coated implantable medical device
and the packaging material. In embodiments, the anti-adhesive agent may be a separate

additional layer positioned along some portion of the implant. Some examples of these agents
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include, but are not limited to hydrophilic polymers such as poly(vinyl pyrrolidone),
carboxymethyl cellulose, hyaluronic acid, polyethylene oxide, poly vinyl alcohols, and
combinations thereof.

[0065] Suitable antimicrobial agents which may be included as a bioactive agent include:
triclosan, also known as 2,4,4'-trichloro-2'-hydroxydiphenyl ether, chlorhexidine and its salts,
including chlorhexidine acetate, chlorhexidine gluconate, chlorhexidine hydrochloride, and
chlorhexidine sulfate, silver and its salts, including silver acetate, silver benzoate, silver
carbonate, silver citrate, silver iodate, silver 1odide, silver lactate, silver laurate, silver nitrate,
silver oxide, silver palmitate, silver protein, and silver sulfadiazine; polymyxin, tetracycline;
aminoglycosides, such as tobramycin and gentamicin; rifampicin; bacitracin; neomycin;
chloramphenicol; miconazole; quinolones such as oxolinic acid, norfloxacin, nalidixic acid,
pefloxacin, enoxacin and ciprofloxacin; penicillins such as oxacillin and pipracil, nonoxynol 9,
fusidic acid, cephalosporins; and combinations thereof. In addition, antimicrobial proteins and
peptides such as bovine lactoferrin and lactoferricin B may be included as a bioactive agent.
[0066] Other bioactive agents, which may be included as a bioactive agent include: local
anesthetics; non-steroidal antifertility agents; parasympathomimetic agents; psychotherapeutic
agents; tranquilizers; decongestants; sedative hypnotics; steroids; sulfonamides;
sympathomimetic agents; vaccines; vitamins; antimalarials; anti-migraine agents; anti-parkinson
agents such as L-dopa; anti-spasmodics; anticholinergic agents (e.g., oxybutynin); antitussives;
bronchodilators; cardiovascular agents, such as coronary vasodilators and nitroglycerin;
alkaloids; analgesics; narcotics such as codeine, dihydrocodeinone, meperidine, morphine and
the like; non-narcotics, such as salicylates, aspirin, acetaminophen, d-propoxyphene and the like;

opioid receptor antagonists, such as naltrexone and naloxone; anti-cancer agents; anti-
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convulsants; anti-emetics; antihistamines; anti-inflammatory agents, such as hormonal agents,
hydrocortisone, prednisolone, prednisone, non-hormonal agents, allopurinol, indomethacin,
phenylbutazone and the like; prostaglandins and cytotoxic drugs; chemotherapeutics, estrogens;
antibacterials; antibiotics; anti-fungals; anti-virals; anticoagulants; anticonvulsants;
antidepressants; antihistamines; and immunological agents.

[0067] Other examples of suitable bioactive agents, which may be included in the mesh or
suture include: viruses and cells; peptides, polypeptides and proteins, as well as analogs,
muteins, and active fragments thereof; immunoglobulins; antibodies; cytokines (e.g.,
lymphokines, monokines, chemokines); blood clotting factors; hemopoietic tactors; interleukins
(1IL-2, IL-3, IL-4, IL-6); interferons (f-IFN, a-IFN and y-IFN); erythropoietin; nucleases; tumor
necrosis factor; colony stimulating factors (e.g., GCSF, GM-CSF, MCSF); insulin; anti-tumor
agents and tumor suppressors; blood proteins such as fibrin, thrombin, fibrinogen, synthetic
thrombin, synthetic fibrin, synthetic fibrinogen; gonadotropins (e.g., FSH, LH, CG, etc.);
hormones and hormone analogs (e.g., growth hormone); vaccines (e.g., tumoral, bacterial and
viral antigens); somatostatin; antigens; blood coagulation factors; growth factors (e.g., nerve
growth factor, insulin-like growth factor); bone morphogenic proteins; TGE-B; protein
inhibitors; protein antagonists; protein agonists; nucleic acids, such as antisense molecules,
DNA, RNA, RNAI; oligonucleotides; polynucleotides; and ribozymes.

[0068] It will be apparent from the foregoing that, while particular forms of the implantable
medical devices have been illustrated and described, various modifications can be made without
departing from the spirit and scope of the present disclosure. For example, although particular
barb configurations may be illustrated and described herein, any suitable configuration and

arrangement may be possible.
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CLAIMS

What 1s claimed is;

1. An implantable medical device for supporting tissue comprising:

a first substrate having a first surface including a plurality of first grip-members and a
second surface including a plurality of second grip-members; and

a second substrate having a third surface including a plurality of third grip- members and
a fourth surface including a plurality of fourth grip-members, wherein the first substrate 1s

attached to the second substrate via the second and third grip-members.

2. The implantable medical device of claim 1, wherein at least one of the first and second

substrates comprise a surgical mesh.

3. The implantable medical device of claim 1, wherein at least one of the first and second

substrates comprises a planar configuration.

4, The implantable medical device of claim 1, wherein at least one of the first and second

substrates comprises a non-planar configuration.

5. The implantable medical device of claim 1, wherein the first substrate comprises a non-

planar configuration and the second substrate comprises a planar configuration.
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6. The implantable medical device of claim 1, wherein the first substrate 1s smaller in area

than the second substrate.

7. The implantable medical device of claim 1, wherein the first and second substrates are

vertically aligned.

8. The implantable medical device of claim 1, wherein the first and second substrates are
staggered.
9. The implantable medical device of claim 1, wherein at least one of the first and second

substrates further comprises an aperture.

10. A method of reinforcing soft tissue during a surgical procedure comprising:
providing at least one implantable medical device comprising a first substrate having a
first surface including a plurality of first grip-members and a second surface including a plurality

of second grip-members; and, a second substrate having a third surface including a plurality of
third grip-members and a fourth surface including a plurality of fourth grip-members, wherein
the first substrate is attached to the second substrate via the second and third grip-members; and,

positioning the at least one implantable medical device between two layers of tissue.

11.  The method of claim 10, wherein at least one of the first and second substrates comprise

a surgical mesh.
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12.  The method of claim 10, wherein at least one of the first and second substrates comprises

a planar configuration.

13.  The method of claim 10, wherein at least one of the first and second substrates comprises

a non-planar configuration.

14.  The method of claim 10, wherein the first substrate comprises a non-planar configuration

and the second substrate comprises a planar configuration.

15. The method of claim 10, wherein the first substrate is smaller in area than the second
substrate.
16.  The method of claim 10, wherein the first and second substrates are vertically aligned.

17.  The method of claim 10, wherein the first and second substrates are staggered.

18. The method of claim 10, wherein at least one of the first and second substrates further

comprises an aperture.

19. The method of claim 10, wherein the surgical procedure is selected from the group

consisting of abdominoplasty, breast reconstruction, hernia repair, and component separation.
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70. The method of claim 10, wherein the implantable medical device is positioned between a

layer of soft tissue and a layer of fascia.
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