
(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property
Organization

International Bureau
(10) International Publication Number

(43) International Publication Date WO 2013/046058 A2
4 April 2013 (04.04.20 13) W P O P C T

(51) International Patent Classification: (81) Designated States (unless otherwise indicated, for every
A61L 31/10 (2006.01) kind of national protection available): AE, AG, AL, AM,

AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
(21) International Application Number: BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,

PCT/IB2012/002579 DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
(22) International Filing Date: HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP,

1 October 2012 (01 .10.2012) KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD,
ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI,

(25) Filing Language: English NO, NZ, OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU,

(26) Publication Language: English RW, SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ,
TM, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA,

(30) Priority Data: ZM, ZW.
61/541,610 30 September 201 1 (30.09.201 1) US

(84) Designated States (unless otherwise indicated, for every
(71) Applicants: SOFRADIM PRODUCTION [FR/FR]; 116 kind of regional protection available): ARIPO (BW, GH,

avenue du Formans, F-01600 Trevoux (FR). COVIDIEN GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ,
LP [US/US]; 555 Long Wharf Drive, New Haven, CT UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
0651 1 (US). TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,

EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,(72) Inventors: HADBA, Ahmad, Robert; 23 High Meadow
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,

Lane, Middlefield, CT 06455 (US). LEFRANC, Olivier;
TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,

Residence Champ Fleuri, Rue des Lauriers, F-01400
ML, MR, NE, SN, TD, TG).

Chatillon sur Chalaronne (FR). BUFFINTON, Jennifer;
74 Plank Road, Prospect, CT 06712 (FR). Published:

(74) Agent: CABINET GERMAIN & MAUREAU; PB 6153, — without international search report and to be republished
F-69466 Lyon Cedex 06 (FR). upon receipt of that report (Rule 48.2(g))

(54) Title: REVERSIBLE STIFFENING OF LIGHT WEIGHT MESH

<
∞
o

©
(57) Abstract: An implant and a process for preparing such an implant are disclosed. The implant includes a mesh including a bio -

o degradable polymeric coating having glass transition temperature of about 26°C to about 36°C. The polymeric coating includes a
first polymeric component including a lactone and a second polymeric component including a polyether. The first polymeric como ponent is present in an amount from about 90% to about 99% of the polymeric coating and the second polymeric component is
present in an amount from about 1% to about 10% of the polymeric coating.



REVERSIBLE STIFFENING OF LIGHT WEIGHT MESH

TECHNICAL FIELD

[0001] The present disclosure relates to coated implants. More particularly, the present

disclosure relates to surgical meshes including a polymeric coating which stiffens the mesh for

handling, and softens upon placement within the body.

BACKGROUND

[0002] Techniques for repairing damaged or diseased tissue are widespread in medicine.

Wound closure devices, such as sutures and staples, as well as other repair devices like mesh or

patch reinforcements, are frequently used for repair.

[0003] There has been a trend to reduce, for example, hernia mesh weight and stiffness as a

means to reduce post operative complications and pain. A light weight mesh has a soft and

pliant nature which conforms and flexes with movement of tissue. However, the reduction of

mesh weight may make it hard to use, handle, and unfold the mesh during implantation,

especially in a wet environment. Kinks and folds in the mesh are not acceptable, as they can

create dead-spaces allowing seromas and fistulas to develop which can get infected, cause

implant failure, and may cause a disease state to recur.

[0004] Coatings have been applied to medical devices to impart lubricious and/or anti-

adhesive properties and serve as depots for bioactive agent release. However, these coatings do

not improve the handling characteristics of meshes.

[0005] Improved coatings for meshes thus remain desirable.



SUMMARY

Accordingly, implants are described which include at least one surgical mesh containing

a biodegradable polymeric coating. The biodegradable polymeric coating may contain a first

polymeric component including a lactone present in an amount from about 90% to about 99% by

weight of the polymeric coating and a second polymeric component including a polyether

present in an amount from about 1% to about 10% by weight of the polymeric coating.

In embodiments, the biodegradable polymeric coating may have a glass transition

temperature of from about 26°C to about 36°C. In embodiments, the biodegradable polymeric

coating has a glass transition temperature of about 30°C to about 35°C.

In embodiments, the first polymeric component is selected from the group consisting of

glycolide, lactide, p-dioxanone, ε-caprolactone, trimethylene caprolactone, orthoester,

phosphoester, copolymers, and blends thereof .The first polymeric component may be a

copolymer of glycolide and lactide. The glycolide may be present in an amount from about 10%

to about 50% by weight of the copolymer and the lactide may be present in an amount from

about 50% to about 90% by weight of the copolymer. The glycolide may be present in an amount

from about 15% to about 40% by weight of the copolymer and the lactide may be present in an

amount from about 60% to about 85% by weight of the copolymer. The second polymeric

component may be selected from the group consisting of alkyl substituted ethylene oxides,

polyalkylene oxides, alkylene glycols, polyethylene glycols, polytetramethylene ether glycol,

and combinations thereof. For example, the second polymeric component is polyethylene glycol.

In embodiments, the polyethylene glycol has a molecular weight from about 200 g/mol to about



1000 g mol. In embodiments, the polyethylene glycol has a molecular weight from about 600

g/mol to about 900 g/mol.

The polyether may be a fatty acid diester of polyethylene glycol.

In embodiments, the polymeric coating comprises from about 95% to about 99% by

weight of the first polymeric component and from about 1% to about 5% by weight of the second

polymeric component. The polymeric coating may comprise from about 97% to about 99% by

weight of the first polymeric component and from about 1% to about 3% by weight of the second

polymeric component.

In embodiments, the mesh further includes a bioactive agent.

A process for coating a surgical mesh is further described, comprising:

preparing a solution by dissolving a first polymeric component comprising a

lactone and a second polymeric component comprising a polyether in a solvent;

coating the surgical mesh with the solution to form a coated surgical mesh; and

drying the coated surgical mesh,

wherein the polymeric coating has a glass transition temperature of about 26°C to

about 36°C.

The first polymeric component may be selected from the group consisting of

glycolide, lactide, p-dioxanone, ε-caprolactone, trimethylene caprolactone, orthoester,

phosphoester, copolymers, and blends thereof. The second polymeric component may be

selected from the group consisting of polyethers, alkyl substituted ethylene oxides, polyalkylene

oxides, alkylene glycols, polytetramethylene ether glycol, and combinations thereof. The solvent

may be selected from the group consisting of hexafluoroisopropanol, acetone, ethylene acetate,



isopropanol, methylene chloride, chloroform, tetrahydrofuran, dimethyl formamide, n-methyl

pyrrolidone, and combinations thereof.

In embodiments, the surgical mesh is coated by a process selected from the group

consisting of spray coating, ultrasonic spray coating, electrospray coating, dip coating, solvent

evaporation, and combinations thereof.

BRIEF DESCRIPTION OF THE DRAWINGS

[0006] FIGS. 1-12 illustrate differential scanning calorimetry (DSC) curves for polymeric

blends in accordance with Example 1 of the present disclosure;

[0007] FIGS. 13-16 illustrate DSC curves for polymeric blends in accordance with Example 2

of the present disclosure;

[0008] FIGS. 17-19 illustrate DSC curves for polymeric blends in accordance with Example 3

of the present disclosure;

[0009] FIGS. 20-25 illustrate DSC curves for polymeric blends in accordance with Example 4

of the present disclosure; and

[0010] FIGS. 26-31 illustrate DSC curves for polymeric blends in accordance with Example 5

of the present disclosure.

DETAILED DESCRIPTION

[0011] Surgical meshes in accordance with the present disclosure are fabricated from a textile

which provides the primary structure to the implants. The surgical meshes include a polymeric



coating having a glass transition temperature above room temperature (i.e., above about 25°C),

but below body temperature (i.e., below about 37°C). At room temperature, the coating stiffens

the mesh for ease in handling and manipulation, and upon placement in the body, the coating will

soften as the temperature rises above the glass transition temperature of the polymeric coating,

thereby making the mesh pliable so that it conforms to tissue surfaces.

[0012] The surgical meshes are suitable for surgical repair of hernias and other surgical

procedures requiring reinforcement or repair of soft tissue, such as muscle or wall tissue defects,

pelvic organ prolapse, and urinary incontinence, for example. The meshes of the present

disclosure can be in the form of sheets, patches, slings, suspenders, and other implants and

composite materials such as pledgets, buttresses, wound dressings, drug delivery devices, and the

like. The present surgical meshes may be implanted using open surgery or by a laparoscopic

procedure.

[0013] A surgical mesh in accordance with the present disclosure may be fabricated from

monofilament and/or multifilament yarns which may be made of any suitable biocompatible

material. Suitable materials from which the mesh can be made should have the following

characteristics: sufficient tensile strength to support tissue; sufficiently inert to avoid foreign

body reactions when retained in the body for long periods of time; easily sterilized to prevent the

introduction of infection when the mesh is implanted in the body; and sufficiently strong to avoid

tearing of portions thereof, including any portion through which surgical fasteners may be

applied to affix the mesh to tissue.

[0014] In some embodiments, the yarns include at least two filaments which may be arranged

to create openings therebetween, the yarns also being arranged relative to each other to form



openings in the mesh. Alternatively, the mesh may be formed from a continuous yarn that is

arranged in loops that give rise to the openings in the mesh. The use of a mesh having yarns

spaced apart in accordance with the present disclosure has the advantage of reducing the foreign

body mass that is implanted in the body, while maintaining sufficient tensile strength to securely

support the defect and tissue being repaired by the mesh. Moreover, the openings of the mesh of

the present disclosure may be sized to permit fibroblast through-growth and ordered collagen

laydown, resulting in integration of the mesh into the body. Thus, the spacing between the yarns

may vary depending on the surgical application and desired implant characteristics as envisioned

by those skilled in the art. Moreover, due to the variety of sizes of defects, and of the various

fascia that may need repair, the mesh may be of any suitable size.

[0015] In embodiments in which at least two filaments form a yarn, the filaments may be

drawn, oriented, crinkled, twisted, braided, commingled or air entangled to form the yarn. The

resulting yarns may be braided, twisted, aligned, fused, or otherwise joined to form a variety of

different mesh shapes. The yarns may be woven, knitted, interlaced, braided, or formed into a

surgical mesh by non-woven techniques. The structure of the mesh will vary depending upon the

assembling technique utilized to form the mesh, as well as other factors, such as the type of

fibers used, the tension at which the yarns are held, and the mechanical properties required of the

mesh.

[0016] In embodiments, knitting may be utilized to form a mesh of the present disclosure.

Knitting involves, in embodiments, the intermeshing of yarns to form loops or inter-looping of

the yarns. In embodiments, yarns may be warp-knitted thereby creating vertical interlocking

loop chains, and/or yarns may be weft-knitted thereby creating rows of interlocking loop stitches

across the mesh. In other embodiments, weaving may be utilized to form a mesh of the present



disclosure. Weaving may include, in embodiments, the intersection of two sets of straight yarns,

warp and weft, which cross and interweave at right angles to each other, or the interlacing of two

yarns at right angles to each other. In some embodiments, the yarns may be arranged to form a

net mesh which has isotropic or near isotropic tensile strength and elasticity.

[0017] In embodiments, the yarns may be nonwoven and formed by mechanically,

chemically, or thermally bonding the yarns into a sheet or web in a random or systematic

arrangement. For example, yarns may be mechanically bound by entangling the yarns to form

the mesh by means other than knitting or weaving, such as matting, pressing, stitch-bonding,

needlepunching, or otherwise interlocking the yarns to form a binderless network. In other

embodiments, the yarns of the mesh may be chemically bound by use of an adhesive such as a

hot melt adhesive, or thermally bound by applying a binder such as a powder, paste, or melt, and

melting the binder on the sheet or web of yarns.

[0018] The yarns may be fabricated from any biodegradable and/or non-biodegradable

polymer that can be used in surgical procedures. The term "biodegradable" as used herein is

defined to include both bioabsorbable and bioresorbable materials. By biodegradable, it is meant

that the material decomposes, or loses structural integrity under body conditions (e.g., enzymatic

degradation or hydrolysis) or is broken down (physically or chemically) under physiologic

conditions in the body, such that the degradation products are excretable or absorbable by the

body. Absorbable materials are absorbed by biological tissues and disappear in vivo at the end of

a given period, which can vary, for example, from hours to several months, depending on the

chemical nature of the material. It should be understood that such materials include natural,

synthetic, bioabsorbable, and/or certain non-absorbable materials, as well as combinations

thereof.



[0019] Representative natural biodegradable polymers which may be used to form the yarns

include: polysaccharides such as alginate, dextran, chitin, chitosan, hyaluronic acid, cellulose,

collagen, gelatin, fucans, glycosaminoglycans, and chemical derivatives thereof (substitutions

and/or additions of chemical groups including, for example, alkyl, alkylene, amine, sulfate,

hydroxylations, carboxylations, oxidations, and other modifications routinely made by those

skilled in the art); catgut; silk; linen; cotton; and proteins such as albumin, casein, zein, silk,

soybean protein; and combinations such as copolymers and blends thereof, alone or in

combination with synthetic polymers.

[0020] Synthetically modified natural polymers which may be used to form the yarns 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, cellulose sulfate sodium

salt, and combinations thereof.

[0021] Representative synthetic biodegradable polymers which may be utilized to form yarns

include polyhydroxy acids prepared from lactone monomers (such as glycolide, lactide,

caprolactone, ε-caprolactone, valerolactone, and δ-valerolactone), carbonates (e.g., trimethylene

carbonate, tetramethylene carbonate, and the like), dioxanones (e.g., 1,4-dioxanone and p-

dioxanone), l,dioxepanones (e.g., l,4-dioxepan-2-one and l,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-(s-caprolactone-));



poly(glycolide-co-(e-caprolactone)); polycarbonates; poly(pseudo amino acids); poly(amino

acids); poly(hydroxyalkanoate)s such as polyhydroxybutyrate, polyhydroxyvalerate, poly(3-

hydroxybutyrate-co-3-hydroxyvalerate), polyhydroxyoctanoate, and polyhydroxyhexanoate;

polyalkylene oxalates; polyoxaesters; polyanhydrides; polyester anyhydrides; polyortho esters;

and copolymers, block copolymers, homopolymers, blends, and combinations thereof.

[0022] Synthetic degradable polymers also include hydrophilic vinyl polymers expanded to

include phosphoryl choline such as 2-methacryloyloxyethyl phosphorylcholine, hydroxamates,

vinyl furanones and their copolymers, and quaternary ammonia; as well as various alkylene

oxide copolymers in combination with other polymers such as lactones, orthoesters, and

hydroxybutyrates, for example.

[0023] Rapidly bioerodible polymers, such as poly(lactide-co-glycolide)s, polyanhydrides,

and polyorthoesters, which have carboxylic groups exposed on the external surface as the surface

of the polymer erodes, may also be used.

[0024] Other biodegradable polymers include polyphosphazenes; polypropylene fumarates;

polyimides; polymer drugs such as polyamines; perfluoroalkoxy polymers; fluorinated

ethylene/propylene copolymers; PEG-lactone copolymers; PEG-polyorthoester copolymers;

blends and combinations thereof.

[0025] Some non-limiting examples of suitable nondegradable materials from which the mesh

may be made include polyolefins such as polyethylene (including ultra high molecular weight

polyethylene) and polypropylene including atactic, isotactic, syndiotactic, and blends thereof;

polyethylene glycols; polyethylene oxides; polyisobutylene and ethylene-alpha olefin

copolymers; fluorinated polyolefins such as fluoroethylenes, fluoropropylenes, fluoroPEGSs,



and polytetrafluoroethylene; polyamides such as nylon, Nylon 6, Nylon 6,6, Nylon 6,10, Nylon

11, Nylon 12, and polycaprolactam; polyamines; polyimines; polyesters such as polyethylene

terephthalate, polyethylene naphthalate, polytrimethylene terephthalate, and polybutylene

terephthalate; polyethers; polybutester; polytetramethylene ether glycol; 1,4-butanediol;

polyurethanes; acrylic polymers; methacrylics; vinyl halide polymers such as polyvinyl chloride;

polyvinyl alcohols; polyvinyl ethers such as polyvinyl methyl ether; polyvinylidene halides such

as polyvinylidene fluoride and polyvinylidene chloride; polychlorofluoroethylene;

polyacrylonitrile; polyaryletherketones; polyvinyl ketones; polyvinyl aromatics such as

polystyrene; polyvinyl esters such as polyvinyl acetate; etheylene-methyl methacrylate

copolymers; acrylonitrile-styrene copolymers; ABS resins; ethylene-vinyl acetate copolymers;

alkyd resins; polycarbonates; polyoxymethylenes; polyphosphazine; polyimides; epoxy resins;

aramids; rayon; rayon-triacetate; spandex; silicones; and copolymers and combinations thereof.

[0026] The mesh may be a composite of layers, including a fibrous layer as described above,

as well as porous and/or non-porous layers of fibers, foams, and/or films. A non-porous layer

may retard or prevent tissue ingrowth from surrounding tissues, thereby acting as an adhesion

barrier and preventing the formation of unwanted scar tissue. In embodiments, a reinforcement

member may be included in the composite mesh. Suitable meshes, for example, include a

TM
collagen composite mesh such as PARIETEX (Tyco Healthcare Group LP, d/b/a Covidien,

TM .
North Haven, CT). PARIETEX composite mesh is a 3-dimensional polyester weave with a

resorbable collagen film bonded on one side. Examples of other meshes which may be utilized

include those disclosed in U.S. Patent Nos. 6,596,002; 6,408,656; 7,021,086; 6,971,252;

6,695,855; 6,451,032 ; 6,443,964; 6,478,727; 6,391,060; and U.S. Patent Application Publication

No. 2007/0032805, the entire disclosures of each of which are incorporated by reference herein.



[0027] As noted above, the surgical mesh is coated, to cover at least some of the surfaces of

the surgical mesh with a polymeric coating having a glass transition temperature of from about

26°C to about 36°C. In embodiments, the glass transition temperature of the coating is about

30°C to about 35°C. The polymeric coating may be formed from biodegradable polymers, such

as those described above. In embodiments, suitable materials which may be utilized as a

component of the polymeric coating in accordance with the present disclosure include

homopolymers, copolymers, and/or blends possessing glycolide, lactide, p-dioxanone, ε-

caprolactone, trimethylene caprolactone, orthoesters, phosphoesters, and various combinations of

the foregoing. Methods for forming such copolymers are within the purview of those skilled in

the art and include, for example, the methods disclosed in U.S. Patent Nos. 4,300,565 and

5,324,307, the entire disclosures of each of which are incorporated by reference herein.

[0028] In embodiments, glycolide and lactide based polyesters, especially copolymers of

glycolide and lactide may be utilized. Suitable copolymers of lactide and glycolide may possess

lactide in amounts from about 50% to about 90% by weight of the copolymer, in embodiments,

from about 60% to about 85% by weight of the copolymer, with the glycolide being present in

amounts from about 10% to about 50% by weight of the copolymer, in embodiments, from about

15% to about 40% by weight of the copolymer.

[0029] In embodiments, the biodegradable polymer or copolymer utilized for the coating,

such as those described above, may be blended with plasticizers, diluents, or other polymers or

additives to form the polymeric coating of the present disclosure. In embodiments, additional

component(s) of the polymer coating may include a polyether such as alkylene oxides, including

ethylene oxide and propylene oxide; alkyl substituted ethylene oxides such as ethyl, propyl, and

butyl substituted ethylene oxide; polyalkylene oxides such as polyethylene oxide ("PEO"),



polypropylene oxide ("PPO"), polyethylene oxide-co-polypropylene oxide ("PEO-PPO"), co-

polyethylene oxide block or random copolymers; alkylene glycols including ethylene glycol and

polyethylene glycol ("PEG"); polytetramethylene ether glycol, combinations thereof, and the

like. In embodiments, a PEG with a weight average molecular weight of from about 200 to

about 1,000 g/mol may be utilized. Suitable PEGs include those commercially available from a

variety of sources under the designations PEG 200, PEG 400, PEG 600, PEG 900, and PEG

1000.

[0030] In some embodiments, the polymeric coating may contain a fatty acid component,

such as a fatty acid or a fatty acid salt or a salt of a fatty acid ester. For example, a polyethylene

glycol fatty acid ester, such as PEG monostearate, PEG monooleate, PEG distearate, and PEG

diisostearate, may be utilized as a component of the polymeric coating.

[0031] In embodiments, a polymeric coating of the present disclosure may include from about

90% to about 99% by weight of the biodegradable polymer, e.g., a lactide/glycolide copolymer,

with the additional polymeric component, e.g., a PEG, being present in an amount from about

1% to about 10% by weight of the polymeric coating. In embodiments, the polymeric coating

may include from about 95% to about 99% by weight of the biodegradable polymer with the

additional polymeric component being present in an amount from about 1% to about 5% by

weight of the polymeric coating, and in some embodiments, the polymeric coating may include

from about 97% to about 99% by weight of the biodegradable polymer with the additional

polymeric component being present in an amount from about 1% to about 3% by weight of the

polymeric coating.



[0032] To form the polymeric coating of the present disclosure, the polymers (or copolymers)

may be dissolved in a suitable solvent to form a coating solution which may be applied to the

surgical mesh. Biocompatible solvents include, for example, hexafluoroisopropanol, acetone,

ethylene acetate, isopropanol, methylene chloride, chloroform, tetrahydrofuran, dimethyl

formamide, n-methyl pyrrolidone, combinations thereof, and other solvents within the purview

of those skilled in the art which are volatile and non-damaging to the surgical mesh.

[0033] In embodiments, most of the accessible surfaces of the surgical mesh may be covered

with the coating solution. In yet other embodiments, the entire surgical mesh is covered. The

coating may cover from about 0.01% to about 100% of the area of the mesh, in embodiments

from about 1% to about 90% of the area of the mesh, instill other embodiments from about 25%

to about 50%. The amount of coating may also be by weight percent of the coated mesh, i.e., the

coating may be present in an amount of from about 0.01% to about 75% by weight of the total

weight of the mesh, in embodiments, from about 0.1% to about 50% by weight of the total

weight of the mesh.

[0034] The coating solution may be applied to the surgical mesh by any means within the

purview of those skilled in the art including: spray coating; ultrasonic spray coating;

electrospray coating; solvent/immersion coating such as dipping; solvent evaporation;

combinations thereof, and the like. In embodiments, the polymers may be dissolved in a solvent

and the mesh may be dipped into and partially or completely submerged within the solution.

Upon removal, the mesh is dried, thereby removing the solvent and depositing the polymer on

the mesh. In other embodiments, the polymer blend may be sprayed onto the surface of the mesh

via a spray nozzle. Alternatively, the polymeric coating may be applied to the fibers of the

surgical mesh during extrusion, co-extrusion, pultrusion, and/or gel spinning, or the polymeric



coating may be applied by melt coating or electrostatic coating, among other techniques within

the purview of those skilled in the art.

[0035] Bioactive agents may be added to a surgical mesh of the present disclosure. A

"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 which provides a therapeutic or prophylactic effect; a compound that affects or participates

in tissue growth, cell growth and/or cell differentiation; a compound that may be able to invoke

or prevent a biological action such as an immune response; or a compound that could play any

other role in one or more biological processes. A variety of bioactive agents may be

incorporated into the mesh. Moreover, any agent which may enhance tissue repair, limit the risk

of sepsis, and modulate the mechanical properties of the mesh (e.g., the swelling rate in water,

tensile strength, etc.) may be added during the preparation of the surgical mesh or may be coated

on or into the openings of the mesh. The bioactive agent may be applied to the individual fibers

of the surgical mesh or may be applied to the formed surgical mesh, or just one or more sides or

portions thereof. In embodiments, the bioactive agent may be added to the polymeric coating.

[0036] Examples of classes of bioactive agents which may be utilized in accordance with the

present disclosure include 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, and

enzymes. It is also intended that combinations of bioactive agents may be used.



[0037] Other bioactive agents which may be in the present disclosure 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-

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; estrogens; antibacterials;

antibiotics; anti-fungals; anti-virals; anticoagulants; anticonvulsants; antidepressants;

antihistamines; and immunological agents.

[0038] Other examples of suitable bioactive agents which may be included in the present

disclosure 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 factors; interleukins

(IL-2, IL-3, IL-4, IL-6); interferons (β-IFN, (a-IFN and γ -IFN)); erythropoietin; nucleases; tumor

necrosis factor; colony stimulating factors (e.g., GCSF, GM-CSF, MCSF); insulin; anti-tumor

agents and tumor suppressors; blood proteins; 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); protein inhibitors; protein antagonists; protein

agonists; nucleic acids such as antisense molecules, DNA, and RNA; oligonucleotides; and

ribozymes.

[0039] The coated surgical mesh is left to dry or is dried in order to obtain the final implant.

The material may be dried by heat or in a jet of sterile air if desired. After drying, the coated

surgical mesh can be packaged and sterilized using conventional techniques, e.g., irradiation with

beta (electronic irradiation) or gamma (irradiation using radioactive cobalt) rays.

EXAMPLES

[0040] The following Examples are being submitted to illustrate embodiments of the present

disclosure. These Examples are intended to be illustrative only and are not intended to limit the

scope of the present disclosure. Also, parts and percentages are by weight unless otherwise

indicated. As used herein, "room temperature" refers to a temperature of from about 20°C to

about 25°C.

EXAMPLE 1

[0041] Polymer films were formed using 70% L-Lactide/30% glycolide with PEG 200, PEG

600, or PEG 900. Solutions including a copolymer of 70% L-Lactide and 30% glycolide with

PEG 200 (Sigma Aldrich), PEG 600 (Sigma Aldrich), or PEG 900 (Sigma Aldrich) in methylene

chloride were prepared according to Table 1. The total end weight of each scintillation vial of

solution was 20 grams (g) after the addition of the solvent.



[0042]

TABLE 1
5% (w/w) Solution of MeCl

Vial Copolymer PEG 200 CoDolvnier Mass ( PEG Mass s )
1 0.95 0.05 0.955 0.05
2 0.90 0.10 0.901 0.109
3 0.85 0.15 0.850 0.148
4 0.75 0.25 0.748 0.257

Vial Copolymer PEG 600 Copolymer Mass (2) PEG Mass (2)
5 0.95 0.05 0.948 0.048
6 0.90 0.10 0.891 0.097
7 0.85 0.15 0.847 0.148
8 0.75 0.25 0.747 0.246

Vial Copolymer PEG 900 Copolymer Mass (2) PEG Mass (z)
9 0.95 0.05 0.945 0.047
10 0.90 0.10 0.897 0.100
11 0.85 0.15 0.845 0.149
12 0.75 0.25 0.750 0.247

[0043] Each sample was prepared by placing the polymeric components into a vial with

solvent and placing the vials on a shaker for about 3 hours until all components were dissolved.

Films were then cast on plates of glass by adding approximately 5 ml of sample to the glass

plates and placing the sample in a pre-heated oven set to about 40°C to avoid phase separation.

After heating for approximately 20 minutes, the samples were placed in a vacuum oven set at a

temperature of about 45°C. The samples were allowed to further dry over about a 48 hour

period. The films were then subjected to differential scanning calorimetry (DSC) with the glass

transition temperature of each polymer blend in vials 1-12 depicted in FIGS. 1-12.

[0044] Implants of the invention may be manufactured by coating a surgical mesh with

solutions of the present example and then drying the coated surgical mesh.

EXAMPLE 2

[0045] Polymer films were prepared using 70% L-Lactide/30% glycolide with PEG 600 or

PEG 900. Solutions including a copolymer of 70% L-Lactide and 30% glycolide with PEG 600



(Sigma Aldrich) or PEG 900 (Sigma Aldrich) in methylene chloride were prepared according to

Table 2. The total end weight of each scintillation vial of solution was 20 grams (g).

TABLE 2
5% ( / ) Solution of MeCl

Vial Sample Copolymer PEG 600 (

1 1% 0.986 0.010
2 3% 0.969 0.030

Vial Sample CoDolvmer (2) PEG 900 (
3 1% 0.988 0.011
4 3% 0.965 0.031

[0046] Each sample was allowed to mix for about 4 hours on a shaker before being cast on

glass plates. The glass plates were placed over a water bath which was heated to about 50°C.

Once the glass plates were warm to the touch, approximately 5 ml of sample were individually

pipeted onto the glass plates and allowed to sit for about 10 minutes. The samples then sat in the

hood for another 10 minutes and subsequently placed in a vacuum with the temperature set to

about 45°C. The films were then subjected to differential scanning calorimetry, with the glass

transition temperature of each polymer blend in vials 1-4 set forth in FIGS. 13-16.

[0047] Implants of the invention may be manufactured by coating a surgical mesh with

solutions of the present example and then drying the coated surgical mesh.

EXAMPLE 3

[0048] Polymer films were prepared using 70% L-Lactide/30% glycolide and PEG distearate.

Solutions including a copolymer of 70% L-Lactide and 30% glycolide with PEG distearate

(Sigma Aldrich) in methylene chloride were prepared according to Table 3. The total end weight

of each scintillation vial of solution was 20 grams (g).

[0049]

TABLE 3



5% (w/w) Solution of MeCl
Vial Sample Copolymer (s.) PEG distearate (s

1 1% 0.993 0.009
2 3% 0.967 0.030
3 5% 0.947 0.052

[00501 Each solution was allowed to mix for about 4 hours on a shaker before being cast on

glass plates. The glass plates were placed over a water bath which was heated to about 50°C.

Once the glass plates were warm to the touch, approximately 5 ml of sample were individually

pipeted onto glass plates and allowed to sit for about 10 minutes over the bath, followed by

another 20 minutes in the hood. The samples were then placed in a vacuum with the temperature

set to about 45°C. The films were then subjected to differential scanning calorimetry, with the

glass transition temperature of each polymer blend in vials 1-3 set forth in FIGS. 17-19.

[0051] Implants of the invention may be manufactured by coating a surgical mesh with

solutions of the present example and then drying the coated surgical mesh.

EXAMPLE 4

[0052] Polymer films were prepared using 70% L-Lactide/30% glycolide with PEG distearate

or PEG 900. Solutions including a copolymer of 70% L-Lactide and 30% glycolide with PEG

distearate (Sigma Aldrich) or PEG 900 (Sigma Aldrich) in methylene chloride were prepared

according to Table 4 . The total end weight of each scintillation vial of solution was 20 grams

(g).



TABLE 4
5% ( / ) Solution of MeCl2

Vial Sample Copolymer (2) PEG distearate
1 1% 0.988 0.012
2 1.5% 0.985 0.015
3 2% 0.982 0.022

Vial Sample Copolymer PEG 900 (2)
4 1% 0.988 0.011
5 2% 0.979 0.021
6 3% 0.968 0.031

[0053] Each sample was placed on a shaker for about 48 hours until all components were

completely dissolved. Glass plates were placed over a water bath which was heated to about

50°C. Once the glass plates were warm to the touch, approximately 5 ml of sample were

individually pipeted onto glass plates and allowed to sit for about 10 minutes. The samples then

sat in the hood for another 20 minutes and subsequently placed in a vacuum with the temperature

set to about 40°C. Vacuum was pulled and the samples were left overnight. Samples were then

removed from the vacuum oven and placed in a dry box for about 24 hours. The films were then

subject to differential scanning calorimetry, with the glass transition temperature of each

polymer blend in vials 1-6 set forth in FIGS. 20-25.

[0054] Implants of the invention may be manufactured by coating a surgical mesh with

solutions of the present example and then drying the coated surgical mesh.

EXAMPLE 5

[0055] Polymer films were formed using 82% L-Lactide/18% glycolide and PEG 900 or PEG

distearate. Solutions including a copolymer of 82% L-Lactide and 18% glycolide with PEG 900

(Sigma Aldrich) and PEG distearate (Sigma Aldrich) in methylene chloride were prepared

according to Table 5. The total end weight of each scintillation vial of solution was 20 grams

(g).



TABLE 5
5% ( / ) Solution of MeCl

Vial Sample Copolymer PEG 900
1 1% 0.991 0.011
2 3% 0.968 0.031
3 5% 0.951 0.050

Vial Sample Copolymer (g PEG distearate (s

4 1% 0.989 0.011
5 3% 0.974 0.032
6 5% 0.950 0.052

[0056] Each sample was placed on a shaker to mix overnight to allow the components to

dissolve. Glass plates were placed over a water bath which was heated to about 50°C. Once the

glass plates were warm to the touch, approximately 5 ml of sample were individually pipeted

onto glass plates and allowed to sit for about 10 minutes. The samples then sat in the hood for

another 20 to 30 minutes and subsequently placed in a vacuum with the temperature set to about

40°C and left overnight. Samples were then removed from the vacuum oven and placed in a dry

box for about 24 hours. The films were then subject to differential scanning calorimetry, with

the glass transition temperature of each polymer blend in vials 1-6 set forth in FIGS 26-31.

[0057] Implants of the invention may be manufactured by coating a surgical mesh with

solutions of the present example and then drying the coated surgical mesh.

[0058] It will be understood that various modifications may be made to the embodiments

disclosed herein. Therefore, the above description should not be construed as limiting, but

merely as an exemplification of illustrative embodiments. Those skilled in the art will envision

other modifications within the scope and spirit of the present disclosure. Such modifications and

variations are intended to come within the scope of the following claims.



WHAT IS CLAIMED IS:

1. An implant comprising:

a mesh including a biodegradable polymeric coating, the biodegradable

polymeric coating comprising:

a first polymeric component including a lactone present in an amount from

about 90% to about 99% by weight of the polymeric coating; and

a second polymeric component including a polyether present in an amount

from about 1% to about 10% by weight of the polymeric coating,

wherein the biodegradable polymeric coating has a glass transition temperature of

from about 26°C to about 36°C.

2. The implant of claim 1, wherein the biodegradable polymeric coating has a glass

transition temperature of about 30°C to about 35°C.

3 . The implant of claim 1 or 2, wherein the first polymeric component is selected

from the group consisting of glycolide, lactide, p-dioxanone, ε-caprolactone, trimethylene

caprolactone, orthoester, phosphoester, copolymers, and blends thereof.

4. The implant of any one of claims 1-3, wherein the first polymeric component is a

copolymer of glycolide and lactide.

5. The implant of claim 4, wherein glycolide is present in an amount from about

10% to about 50% by weight of the copolymer and lactide is present in an amount from about

50% to about 90% by weight of the copolymer.



6. The implant of claim 4, wherein glycolide is present in an amount from about

15% to about 40% by weight of the copolymer and lactide is present in an amount from about

60% to about 85% by weight of the copolymer.

7. The implant of any one of claims 1-6, wherein the second polymeric component is

selected from the group consisting of alkyl substituted ethylene oxides, polyalkylene oxides,

alkylene glycols, polyethylene glycols, polytetramethylene ether glycol, and combinations

thereof.

8. The implant of any one of claims 1-7, wherein the second polymeric component is

polyethylene glycol.

9. The implant of claim 8, wherein the polyethylene glycol has a molecular weight

from about 200 g/mol to about 1000 g/mol.

10. The implant of claim 8, wherein the polyethylene glycol has a molecular weight

from about 600 g mol to about 900 g/mol.

11. The implant of any one of claims 1-10, wherein the polyether is a fatty acid

diester of polyethylene glycol.

12. The implant of any one of claims 1-11, wherein the polymeric coating comprises

from about 95% to about 99% by weight of the first polymeric component and from about 1% to

about 5% by weight of the second polymeric component.



13. The implant of any one of claims 1-12, wherein the polymeric coating comprises

from about 97% to about 99% by weight of the first polymeric component and from about 1% to

about 3% by weight of the second polymeric component.

14. The implant of any one of claims 1-13, wherein the mesh further includes a

bioactive agent.

15. A process for coating a surgical mesh comprising:

preparing a solution by dissolving a first polymeric component comprising a

lactone and a second polymeric component comprising a polyether in a solvent;

coating the surgical mesh with the solution to form a coated surgical mesh; and

drying the coated surgical mesh,

wherein the polymeric coating has a glass transition temperature of about 26°C to

about 36°C.

16. The process of claim 15, wherein the first polymeric component is selected from

the group consisting of glycolide, lactide, p-dioxanone, ε-caprolactone, trimethylene

caprolactone, orthoester, phosphoester, copolymers, and blends thereof.

17. The process of claim 15 or 16, wherein the second polymeric component is

selected from the group consisting of polyethers, alkyl substituted ethylene oxides, polyalkylene

oxides, alkylene glycols, polytetramethylene ether glycol, and combinations thereof.

18. The process of any one of claims 15-17, wherein the solvent is selected from the

group consisting of hexafluoroisopropanol, acetone, ethylene acetate, isopropanol, methylene



chloride, chloroform, tetrahydrofuran, dimethyl formamide, n-methyl pyrrolidone, and

combinations thereof.

19. The process of any one of claim 15-18, wherein the surgical mesh is coated by a

process selected from the group consisting of spray coating, ultrasonic spray coating,

electrospray coating, dip coating, solvent evaporation, and combinations thereof.
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