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SURGICAL SLINGS

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application is a continuation-in-part of U.S. Application No. 10/918,123,
filed August 13, 2004, which claims the benefit of U.S. Provisional Application No.
60/495,439, filed Aug. 14, 2003, the entire disclosure of each of which is incorporated

herein by reference.

TECHNICAL FIELD

[0002] The invention generally relates to surgical slings and related methods. More
particularly, in one embodiment, the invention relates to surgical slings, such as
midurethral slings, that promote growth of collagenous tissue, such as scar tissue, ina

well-organized manner.

BACKGROUND INFORMATION

[0003] Urinary incontinence affects millions of men and women of all ages in the
United States. Stress urinary incontinence (SUI) affects primarily women and is
generally caused by two conditions, intrinsic sphincter deficiency (ISD) and
hypermobility. These conditions may occur independently or in combination. In’
I1SD, the urinary sphincter valve, located within the urethra, fails to close properly
(coapt), causing urine to leak out of the urethra during stressful activity.
Hypermobility is a condition in which the pelvic floor is distended, weakened, or
damaged, causing the bladder neck and proximal urethra to rotate and descend in
response to increases in intra-abdominal pressure (e.g., due to sneezing, coughing,
straining, etc.). The result is that there is an insufficient response time to promote
urethral closure and, consequently, urine Iéakage and/or flow results.

[0004] A popular treatment of SUI is the use of a sling, which is permanently placed
under a patient's bladder neck or mid-urethra to provide a urethral platform.
Placement of the sling limits the endopelvic fascia drop, while providing compression
to the urethral sphincter to improve coaptation. Further information regarding sling
procedures may be found, for example, in the following: Fred E. Govier et al.,

“Pubocaginal slings: a review of the technical variables,” Curr. Opin Urol. 11:405-
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410, 2001, John Klutke and Carl Klutke, “The promise of tension-free vaginal tape for
female SUL,” Contemporary Urol. pp. 59-73, Oct. 2000; and PCT Patent Publication
No. WO 00/74633 A2: “Method and Apparatus for Adjusting Flexible Areal Polymer
Implants.”

[0005] Unfortunately, permanent placement of a sling in a patient's periurethral
tissues may cause complications necessitating further surgical intervention. For
instance, changes in a patient's body weight and/or anatomy over the course of his/her
life, may cause the sling to contact the patient's urethra. This is an undesirable side
effect that may result in discomfort and more serious medical problems such as
urethral erosion for the patient. As further examples of undesirable side effects, a
patient with a sling permanently placed in her periurethral tissues may suffer vaginal
mucosal erosion of the vaginal incision that is made during sling implantation,
permanent urinary retention, or both. These complications require further surgical
intervention to resect the sling. See, e.g., B.G. Volkmer et al. J. Urol., Vol. 169, 2003
Feb., pp. 570-4.

[0006] Due to deficiencies in the prior art, improved surgically implantable slings are

needed.

SUMMARY OF THE INVENTION

[06007] The invention provides, in one embodiment, a surgically implantable sling
(hereinafter a "surgical sling") that includes a pharmaceutical agent or mixture of
pharmaceutical agents (hereinafter collectively as an "agent" or "agents"). According
to one feature, the surgical sling is, at least in part, biodegradable, while the agent, by
stimulating the patient's periurethral tissues, promotes collagenous tissue growth, such
as scar tissue, in a well-organized manner surrounding the implanted sling. According
to one aspect, when first placed in the patient's periurethral tissues, the biodegradable
sling (or biodegradable portion thereof) provides physical support to the patient's
urethra. As the biodegradable sling degrades and gradually disappears over time, the
patient's tissues form a sling, which includes collagenous tissue, such as scar tissue.
This tissue is formed, for example, as a result of stimulating the patient's local tissues
with the agent, stimulating the patient's local tissues with biodegradation products of

the sling, and so forth. This endogenous/natural collagenous tissue sling provides the
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requisite support to assist in the correction of the patient anatomy of the local tissues
and therefore maintaining continence. According to one feature, the invention reduces
the need for @ permanent sling, of the type provided by the prior art, by facilitating
formation of the natural tissue sling.

[0008] In one configuration, a subset of the plurality of biocompatible fibers of the
sling is biodegradable.

[0009] According to another configuration, the agent includes a growth factor and a .
hormone, such as estrogen, for facilitating collagenous tissue growth, such as scar
tissue. The agent may be, for example, chemically bonded to a subset of the
biocompatible fibers, applied as a coating to a subset of the biocompatible fibers,
and/or absorbed within the biocompatible fibers. Alternatively, a subset of the
plurality of biocompatible fibers may be a blend of the agent and a polymer. The
agent may be impregnated into the biocompatible fibers. In another configuration, a
subset of the plurality of the biocompatible fibers define a plurality of openings in the
surgical sling and a hydrogel containing the agent is applied to the plurality of
openings in the sling.

[0010] In one configuration, the agent may be associated with a subset of the
biocompatible fibers and/or the surgical sling as a whole in any suitable manner.
{0011} In one aspect, the invention provides a surgical sling that includes a plurality
of biocompatible fibers and an agent associated with a subset of the fibers. According
to one feature, the agent promotes collagenous tissue growth, such as scar tissue, in a
well-organized manner originating from the patient's tissues at the location of
implantation.

[0012] According to another embodiment, a surgical sling is provided that includes a
plurality of biocompatible and biodegradable fibers with certain surface properties
that promote host tissue/cell attachment and further attract and/or promote host tissue
growth. In one configuration, the surgical sling includes a plurality of surface
properties such as channels to guide the growth of the collagenous tissue such as scar
tissue at an anatomical implantation site in the body of the patient. Alternatively, the
surgical sling may include one or more through holes for guiding the growth of thfe

collagenous tissue. As another alternative, the surgical sling may be formed from
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fibers whose diameters promote the growth of the collagenous tissue, inhibit the
growth of the collagenous tissue, or both.

[0013] According to another embodiment, a surgical sling is provided that includes a
plurality of first biodegradable fibers, which are encapsulated by collagenous tissue
growth upon implantation. According to one feature, the surgical sling further
comprises a plurality of second fibers which are less readily encapsulated by
collagenous tissue growth upon implantation than the first fibers.

[0014] In another embodiment, the invention provides methods for treating urinary
incontinence with a surgical sling according to the invention.

[0015] The foregoing and other objects, aspects, features, and advantages of the

invention will be apparent from the following illustrative description.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] In the drawings, like reference characters generally refer to the same parts
throughout the different views. Also, the drawings are schematic and not necessarily
to scale, emphasis instead generally being placed upon illustrating principles of the
invention. .

[0017] FIG. 1 is a view of a surgical sling according to an illustrative embodiment of
the invention.

[0018] FIG. 2 is a view of a surgical sling according to another illustrative
embodiment of the invention.

[0019] FIG. 3 is a view of a surgical sling according to another illustrative
embodiment of the invention, showing a weave made of more than one type of
material.

[0020] FIG. 4 is a view of a surgical éling according to another illustrative
embodiment of the invention.

[0021] FIG. § is a view of the sling of FIG. 4 including a hydrogel coating according
to an illustrative embodiment of the invention.

[0022] FIG. 6A is an exemplary end view of a sling according to another illustrative
embodiment of the invention.

[0023] FIG. 6B is a top view of the illustrative surgical sling of FIG. 6A.

[0024] FIG. 6C is an end view showing an alternative to the illustrative embodiment
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of FIG. 6A.

[0025] FIG. 6D is an end view of a sling employing channels along both its first and
second sides according to an alternative illustrative embodiment of the invention.
[0026] FIG. 6E is an end view of the illustrative sling of FIG. 6D, further depicting
well-organized collagenous tissue growth.

[0027] FIG. 7 is a view of a sling according to another alternative illustrative
embodiment of the invention.

[0028] FIG. 8A is a view of a sling according to another alternative illustrative
embodiment of the invention.

[0029] FIG. 8B is an expanded view of a portion of FIG. 8A.

[0030] FIGS. 9A-9C depict one illustrative method for implanting a sling according

to the invention in the body of a patient.

DETAILED DESCRIPTION

[0031] In general, the invention pertains to surgical slings, and to related methods for
implanting the surgical slings at an anatomical site in the body of a patient.
According to one feature, the surgical slings and related methods of the invention
promote beneficial tissue growth in the region of the implanted sling. According to
one illustrative embodiment, the tissué is well organized collagenous tissue, such as
scar tissue. The phrase "well organized" is intended to mean that the collagenous
tissue growth is not completely random, but instead is in some fashion caused to have
some observable organization, direction and/or structure. The organization, direction,
and/or structure of the well-organized tissue may be microscopic, such as the
arrangement of collagen fibers, macroscopic, such as a collection of smaller tissues
formed into an organized bundle, or both microscopic and macroscopic.

[0032] The surgical slings of the invention, in various illustrative embodiments,
enable a medical operator to control or affect collagenous tissue properties, such as
the size, shape, mass, density, organization, direction and/or structure of the tissue.
The formation of collagenous tissue is the natural response of the host body toward
injury or toward the presence of many foreign materials, such as the material used to ‘
form the surgical slings of the invention.

[0033] As described in further detail below, according to some features of the
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invention, by selecting physical properties, such as, the composition, size, shape,
texture and/or surface patterning of the sling material, the medical operator can
control or affect aspects of collagenous tissue formation.

[0034] As also described below in further detail, according to other features of the
invention, by selecting chemical properties, such as the composition of the sling
material, the agent employed, if any, the agent concentration, and/or the mode of
associating the agent with the sling (e.g., chemically bonding the agent to the sling
fibers, applying the agent as a coating to the sling fibers, absorbing the agent into
sling fibers, blending the agent with the polymer used to form the sling fibers,
impregnating the fibers with the agent and/or applying the agent to openings defined
by the fibers in the sling), the medical operator can control or affect aspects of
collagenous tissue formation. '

[0035] In certain embodiments the materials forming the surgical slings of the
invention, by their chemical nature, form collagenous tissue such as scar tissue upon
implantation. In this regard, it is noted that certain biodisintegrable polymers, such as
polylactide, polyglycolide, and poly(lactide-co-glycolide), among many others,
produce inflammation as they degrade due to pro-inflammatory breakdown products,
which leads to the formation of collagenous tissue such as scar tissue. The rate and
degree of biodisintegrable polymer breakdown can depend upon a number of factors
including monomer content (e.g., choice of monomer or ratio of monomers, if a
copolymer), degree of crystallinity, polymer architecture, exposed surface area, and so
forth. Thus, in addition to their biodegradable character, such polymers are also
selected in certain embodiments of the invention for their ability to promote
inflammation and thus collagenous tissue formation.

[0036] In certain embodiments, the sling contains sufficient quantities of agent to
promote well-organized collagenous tissue growth, such as scar tissue growth. Such
agents, referred to herein as “collagenous-tissue-promoting agents,” are varied.
[0037] Examples of collagenous-tissue-producing agents include, for example,
cytokines (i.e., substances made by cells that are used by the same, or other cells, to
produce some type of response), endotoxins, chemokines, prostaglandins, lipid
mediators, and other mitogens, various natural and synthetic proinflammatory agents

and sclerosing agents, and combinations thereof, among others. The agent may also
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include stem cells or other suitable cells derived from the host patient. These cells
may be, for example, fibroblast, myoblast, or other progenitor cells to mature into
appropriate tissues.

[0038] Further examples of collagenous-tissue-producing agents include, for
example, growth factors such as platelet-derived growth factor (PDGF) including
platelet-derived growth factor type BB (PDGF-BB), fibroblast growth factor (FGF)
including basic fibroblast growth factor (bFGF), transforming growth factors (such as
TGF-alpha and TGF-beta), epidermal growth factor (EGF), bone marrow growth
factor, insulin-like growth factor (IGF) including insulin-like growth factor 1,
vascular endothelium growth factor (VEGF), interleukins such as IL-1-(alpha or beta),
IL-8, IL-4, IL6, IL-10 and IL-13, tumor necrosis factor (TNF) such as TNF-alpha,
interferons such as INF-gamma, macrophage inflammatory protein-2 (MIP-2),
leukotrienes such as leukotriene B4 (L'TB4), granulocyte macrophage-colony
stimulating factor (GM-CSF), cyclooxygenase-1, cyclooxygenase-2, macrophage
chemotactic protein (MCP), inducible nitric oxide synthetase, macrophage
inflammatory protein, tissue factor, substance P, Activin/TGF, phosphotyrosine
phosphates, N-formy! peptides such as formyl-Met-Leu-Phe (fMLP), second
mitochondria-derived activator of caspase (sSMAC), activated complement fragments
(C5a, C3a), phorbol ester (TPA), steroids including sex steroids, hormones including
estrogen, steroid hormones, and other hormones including growth hormones,
superoxide, hydrogen peroxide, zymosan, bacterial lipopolysaccharide, chitin,
imiquimod, and carrageenan, as well as mixtures thereof, among others.

[0039] Proteins employed as agents for the invention, including those described
above, include natural and recombinant proteins, and they may be used directly in the
slings of the invention as agents, or the slings may be provided with DNA that
expresses such proteins in vivo (optionally, in conjunction with a suitable vector).
[0040] Further examples of collagenous-tissue-producing agents include sclerosing
agents, which may be selected, for example, from the following among others:
inorganic materials such as tale, aluminum hydroxide (e.g., in slurry form), sodium
hydroxide, silver nitrate, sodium chloride and potassium chloride, as well as organic
compounds, including alcohols such as ethanol (e.g., 50% to absolute), acetic acid,

trifluoroacetic acid, formaldehyde, dextrose, polyethylene glycol ethers (e.g.,
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polidocanol, also known as laureth 9, polyethylene glycol (9) monododecy! ether, and
hydroxypolyethoxydodecane), tetracycline, oxytetracycline, doxycycline, bleomyecin,
triamcinolone, minocycline, vincristine, iophendylate, tribenoside, sodium tetradecyl
sulfate, sodium morrhuate, diatrizoate meglumine, prolamine diatrizoate, alkyl
cyanoacrylates such as N-butyl-2-cyanoactyalte and methyl 2-cyanoacrylate,
ethanolamine, ethanolamine oleate, bacterial preparations (e.g., corynebacterium and
streptococcal preparations such as picibanil) and mixtures of the same, for instance,
TES (mixture of 1% tetradecyl sulfate, 32% ethanol, and 0.3% normal saline) and
alcoholic solutions of zein (e.g., Ethibloc, which contains zein, alcohol, oleum
papaveris, propylene glycol, and a contrast medium), and ethanol/trifluoroacetic acid
mixtures, among others.

[0041] In various embodiments, the agent may include one or more therapeutic
agents. The therapeutic agents may be, for example, anti-inflammatory agents,
including steroidal and non-steroidal anti-inflammatory agents, analgesic agents,
including narcotic and non-narcotic analgesics, local anesthetic agents, antispasmodic
agents, growth factors, gene-based therapeutic agents, and combinations thereof.
[0042) Exemplary steroidal anti-inflammatory therapeutic agents (glucocorticoids)
include, but are not limited to, 21-acetoxyprefnenolone, aalclometasone, algestone,
amicinonide, beclomethasone, betamethasone, budesonide, chloroprednisone,
clobetasol, clobetasone, clocortolone, cloprednol, corticosterone, cortisone,
cortivazol, deflazacort, desonide, desoximetasone, dexamethasone, diflorasone,
diflucortolone, difluprednate, enoxolone, fluazacort, flucloronide, flumehtasone,
flunisolide, fluocinolone acetonide, fluocinonide, fluocortin butyl, fluocortolone,
fluorometholone, fluperolone acetate, fluprednidene acetate, fluprednisolone,
flurandrenolide, fluticasone propionate, formocortal, halcinonide, halobetasol
priopionate, halometasone, halopredone acetate, hydrocortamate, hydrocortisone,
loteprednol etabonate, mazipredone, medrysone, meprednisone, methyoclprednisolone,
mometasone furoate, paramethasone, prednicarbate, prednisolone, prednisolone 25-
diethylaminoacetate, prednisone sodium phosphate, prednisone, prednival,
prednylidene, rimexolone, tixocortal, triamcinolone, triamcinolone acetonide,
triamcinolone benetonide, triamcinolone hexacetonide, and pharmaceutically

acceptable salts thereof.
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[0043]) Exemplary non-steroidal anti-inflammatory therapeutic agents include, but are
not limited to, aminoarylcarboxylic acid derivatives such as enfenamic acid,
etofenamate, flufenamic acid, isonixin, meclofenamic acid, mefanamic acid, niflumic
acid, talniflumate, terofenamate and tolfenamic acid; arylacetic acid derivatives such
as acemetacin, alclofenac, amfenac, bufexamac, cimnetacin, clopirac, diclofenac
sodium, etodolac, felbinac, fenclofenac, fenclorac, fenclozic acid, fentiazac,
glucametacin, ibufenac, indomethacin, isofezolac, isoxepac, lonazolac, metiazinic
acid, oxametacine, proglumetacin, sulindac, tiaramide, tolmetin and zomepirac;
arylbutyric acid derivatives such as burnadizon, butibufen, fenbufen and xenbucin;
arylcarboxylic acids such as clidanac, ketorolac and tinoridine; arylpropionic acid
derivatives such as alminoprofen, benoxaprofen, bucloxic acid; carprofen, fenoprofen,
flunoxaprofen, flurbiprofen, ibuprofen, ibuproxam, indoprofen, ketoprofen,
loxoprofen, miroprofen, naproxen, oxaprozin, piketoprofen, pirprofen, pranoprofen,
protizinic acid, suprofen and tiaprofenic acid; pyrazoles such as difenamizole and
epirizole; pyrazolones such as apazone, benzpiperylon, feprazone, mofebutazone,
morazone, oxyphenbutazone, phenybutazone, pipebuzone, propyphenazone,
ramifenazone, suxibuzone and thiazolinobutazone; salicylic acid derivatives such as
acetaminosalol, aspirin, benorylate, bromosaligenin, calcium acetylsalicylate,
diflunisal, etersalate, fendosal, gentisic acid, glycol salicylate, imidazole salicylate,
lysine acetylsalicylate, mesalamine, morpholine salicylate, 1-naphthyl salicylate,
olsalazine, parsalmide, phenyl acetylsalicylate, phenyl salicylate, salacetamide,
salicylamine o-acetic acid, salicylsulfuric acid, salsalate and sulfasalazine;
thiazinecarboxamides such as droxicam, isoxicam, piroxicam and tenoxicam; others
such as .epsilon.-acetamidocaproic acid, s-adenosylmethionine, 3-amino-4-
hydroxybutyric acid, amixetrine, bendazac, benzydamine, bucolome, difenpiramide,
ditazol, emorfazone, guaiazulene, nabumetone, nimesulide, orgotein, oxaceprol,
paranyline, perisoxal, pifoxime, proquazone, proxazole and tenidap; and
pharmaceutically acceptable salts thereof.

[0044] Exemplary narcotic analgesic therapeutic agents include, but are not limited
to, alfentanil, allylprodine, alphaprodine, anileridine, benzylmorphine, bezitramide,
buprenorphine, butorphanol, clonitazene, codeine, codeine methyl bromide, codeine

phosphate, codeine sulfate, desomorphine, dextromoramide, dezocine, diampromide,
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dihydrocodeine, dihydrocodeinone enol acetate, dihydromorphine, dimenoxadol,
dimepheptanol, dimethylthiambutene, dioxaphetyl butyrate, dipipanone, eptazocine,
ethoheptazine, ethylmethylthiambutene, ethylmorphine, etonitazene, fentanyl,
hydrocodone, hydromorphone, hydroxypethidine, isomethadone, ketobemidone,
levorphanol, lofentanil, meperidine, meptazinol, metazocine, methadone
hydrochloride, metopon, morphine, myrophine, nalbuphine, narceine, nicomorphine,
norlevorphanol, normethadone, normorphine, norpipanone, opium, oxycodone,
oxymorphone, papaveretum, pentazocine, phenadoxone, phenazocine, pheoperidine,
piminodine, piritramide, proheptazine, promedol, properidine, propiram,
propoxyphene, rumifentanil, sufentanil, tilidine, and pharmaceutically acceptable salts
thereof.

[0045] Exemplary non-narcotic analgesic agents that maybe combined with the sling
100 include, but are not limited to, aceclofenac, acetaminophen, acetaminosalol,
acetanilide, acetylsalicylsalicylic acid, alclofenac, alminoprofen, aloxiprin, aluminum
bis(acetylsalicylate), aminochlorthenoxazin, 2—amino;4-picoline, aminopropylon,
aminopyrine, ammonium salicylate, amtolmetin guacil, antipyrine, antipyrine
salicylate, antrafenine, apazone, aspirin, benorylate, benoxaprofen, benzpiperylon,
benzydamine, bermoprofen, brofenac, p-bromoacetanilide, 5-bromosalicylic acid
acetate, bucetin, bufexamac, burnadizon, butacetin, calcium acetylsalicylate,
carbamazepine, carbiphene, carsalam, chloralantipyrine, chlorthenoxazin(e), choline
salicylate, cinchophen, ciramadol, clometacin, cropropamide, crotethamide,
dexoxadrol, difenamizole, diflunisal, dihydroxyaluminum acetylsalicylate,
dipyrocetyl, dipyrone, emorfazone, enfenamic acid, epirizole, etersalate, ethenzamide,
ethoxazene, etodolac, felbinac, fenoprofen, floctafenine, flufenamic acid, fluoresone,
flupirtine, fluproquazone, flurbiprofen, fosfosal, gentisic acid, glafenine, ibufenac,
imidazole salicylate, indomethacin, indoprofen, isofezolac, isoladol, isonixin,
ketoprofen, ketorolac, p-lactophenetide, jefetamine, loxoprofen, lysine
acetylsalicylate, magnesium acetylsalicylate, methotrimeprazine, metofoline,
miroprofen, morazone, morpholine salicylate, naproxen, néfopam, nifenazone, 5'
nitro-2' propoxyacetanilide, parsalmide, perisoxal, phenacetin, phenazopyridine
hydrochloride, phenocoll, phenopyrazone, phenyl acetylsalicylate, phenyl salicylate,

phenyramidol, pipebuzone, piperylone, prodilidine, propacetamol, propyphenazone,

10
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proxazole, quinine salicylate, ramifenazone, rimazolium metilsulfate, salacetamide,
salicin, salicylamide, salicylamide o-acetic acid, salicylsulfuric acid, salsalte,
salverine, simetride, sodium salicylate, sulfamipyrine, suprofen, talniflumate,
tenoxicam, terofenamate, tetradrine, tinoridine, tolfenamic acid, tolpronine, tramadol,
viminol, xenbucin, zomepirac, and pharmaceutically acceptable salts thereof.

[0046] Exemplary local anesthetic therapeutic agents include, but are not limited to,
ambucaine, amolanone, amylocalne hydrochloride, benoxinate, benzocaine,
betoxycaine, biphenamine, bupivacaine, butacaine, butaben, butanilicaine,
butethamine, butoxycaine, carticaine, chloroprocaine hydrochloride, cocaethylene,
cocaine, cyclomethycaine, dibucaine hydrochloride, dimethisoquin, dimethocaine,
diperadon hydrochloride, dyclonine, ecgonidine, ecgonine, ethyl chloride, beta-
eucaine, euprocin, fenalcomine, fomocaine, hexylcaine hydrochloride,
hydroxytetracaine, isobutyl p-aminobenzoate, leucinocaine mesylate, levoxadrol,
lidocaine, mepivacaine, meprylcaine, metabutoxycaine, methyl chloride, myrtecaine,
naepaine, octacaine, orthocaine, oxethazaine, parethoxycaine, phenacaine
hydrochloride, phenol, piperocaine, piridocaine, polidocanol, pramoxine, prilocalne,
procaine, propanocaine, proparacaine, propipocaine, propoxycaine hydrochloride,
pseudococaine, pyrrocaine, ropavacaine, salicyl alcohol, tetracaine hydrochloride,
tolycaine, trimecaine, zolamine, and pharmaceutically acceptable salts thereof.
[0047] Exemplary antispasmodic therapeutic agents include, but are not limited to,
alibendol, ambucetamide, aminopromazine, apoatropine, bevonium methyl sulfate,
bietamiverine, butaverine, butropium bromide, n-butylscopolammonium bromide,
caroverine, cimetropium bromide, cinnamedrine, clebopride, coniine hydrobromide,
coniine hydrochloride, cyclonium iodide, difemerine, diisopromine, dioxaphetyl
butyrate, diponium bromide, drofenine, emepronium bromide, ethaverine, feclemine,
fenalamide, fenoverine, fenpiprane, fenpiverinium bromide, fentonium bromide,
flavoxate, flopropione, gluconic acid, guaiactamine, hydramitrazine, hymecromone,
leiopyrrole, mebeverine, moxaverine, nafiverine, octamylamine, octaverine,
oxybutynin chloride, pentapiperide, phenamacide hydrochloride, phloroglucinol,
pinaverium bromide, piperilate, pipoxolan hydrochloride, pramiverin, prifinium
bromide, properidine, propivane, propyromazine, prozapine, racefemine; rociverine,

spasmolytol, stilonium iodide, sultroponium, tiemonium iodide, tiquizium bromide,
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tiropramide, trepibutone, tricromyl, trifolium, trimebutine, n,n-ltrimethyl-3,3-
diphenyl-propylamine, tropenzile, trospium chloride, xenytropium bromide, and
pharmaceutically acceptable salts thereof.
[0048] Two particular therapeutic agents which may be employed in various
illustrative embodiments of the invention are: (a) ketorolac and pharmaceutically
acceptable salts thereof (e.g., the tromethamine salt thereof, sold under the
commercial trade name Toradol®) and (b) 4-diethylamino-2-butynylp-
henylcyclohexylglycolate and pharmaceutically acceptable salts thereof (e.g., 4-
diethylamino-2-butynylphenylcyclohexylglycolate hydrochloride, also known as
oxybutynin chloride, sold under the commercial trade name Ditropan®).
[0049] In certain embodiments, the sling is at least partially biodegradable. In this

. regard, it is believed that on the order of approximately 60% of all patients from
whom surgical slings are removed (e.g., due to complications such as those previously
discussed) nevertheless remain continent after this procedure as a result of newly
formed scar tissue, which plays a key role in supporting proper urethral function.
Thus, in some embodiments, the surgical slings of the invention are designed to
support the urethral function initially through their mechanical characteristics. After
implantation, the implanted slings stirhulate the host to generate collagenous tissue to
take over the required function, and the biodegradable materials of the slings are
broken down. This newly generated tissue may take on various forms, depending to
the configuration and composition of the sling, for example, corresponding to scar
tissue in the form of multiple collagen bundles or “artificial tendons.” Being living
tissue, this newly generated tissue may respond to the needs of the host. (Asa
specific example, the collagenous tissﬁe formed after tendon injury is known to
reorient itself along the long direction of the tendon, which coincides with the
direction of tensile stress.)
[0050] Exemplary biodegradable materials suitable for forming surgical slings (or
portions thereof) in accordance with the invention the practice of the invention
include, but are not limited to, natural.tissue such as human tissue and decellularized
plant and animal tissue. Human tissues may be derived, for example, from human
cadaveric or engineered human tissue. Animal tissues may be derived, for example,

from porcine, ovine, bovine, and equine tissue sources, among many others.
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[0051] Additional exemplary biodegradable materials include biodegradable
polymers, which may be natural, synthetic or a combination of both. They may be
homopolymers or copolymers. They may take on a variety of architectures, including
linear, cyclic, branched and network architectures, among others. “Branched
architectures” as the term is used herein, include star-shaped architectures (e.g.,
architectures in which three or more arms emanate from a single branch point), comb
architectures (e.g., architectures having a main chain and a plurality of side chains)
and dendritic architectures (e.g., arborescent and hyperbranched polymers), among
others. Blends of differing biodegradable polymers may also be used. The sling
material may also be made of a combination of biodegradable polymers and tissues.
[0052] Specific examples of natural biodegradable polymers and their derivatives
include polysaccharides such as hyaluronic acid, chitosan,
hydroxypropylmethylcellulose; and poly(amino acids) and proteins, such as gelatin,
collagen, fibronectin, laminin, elastin, and mixtures thereof. Thus, many natural
biodegradable polymers for the slings of the invention are components of the
extracellular matrix. ‘

[0053] Additional exemplary biodegradable polymers that may be used in accordance
with the invention include polyesters, polyanhydrides, and amino-acid-based
polymers, among others, for instance, homopolymers and copolymers (and their
derivatives) which are formed from (or have the appearance of being formed from)
one or more of the following monomers: (a) alpha-hydroxy acids such as glycolic
acid (also known as glycolide in dimer form), D-lactic acid and L-lactic acid (also
known as D- and L-lactide in dimer form), D-malic acid and L-malic acid, among
others; (b) other hydroxyl acids, including beta-, gamma-, delta-, and epsilon-hydroxy
acids, as well as hydroxy acids having multiple hydroxy! groups, among others, for
example, hydroxybutyric acids such as beta-hydroxybutyric acid (also known as 3~
hydroxybutyric acid), gamma-hydroxybutyric acid (also known as 4-hydroxybutyric
acid, and as gamma-butyrolactone in its closed ring form), hydroxyvaleric acids such
as beta-hydroxyvaleric acid (also known as 3-hydroxyvaleric acid), gamma-
hydroxyvaleric acid (also known as 4-hydroxyvaleric acid), delta-hydroxyvaleric acid
(also known as 5-hydroxyvaleric acid, and as delta-valerolactone in its closed ring

form), hydroxycaproic acids such as epsilon-hydroxycaproic acid (also known as 6-
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hydroxycaproic acid, or as epsilon-caprolactone in its closed ring form), as well as D-
gluconic acid and L-gluconic acid, among others; (c) ester-ethers, for instance, alkyl-
substituted and unsubstituted dioxanones, such as p-dioxanone (1,4-dioxan-2-one),
substituted 1,4-dioxan-2-ones (e.g., alkyl substituted 1,4-dioxan-2-ones such as 6,6~
dimethyl-1,4-dioxan-2-one), substituted-1,4-dioxane-2,5-diones (e.g., substituted 1,4-
dioxane-2,5-diones such as 3-methyl-1,4-dioxane-2,5-dione, 3,3-diethyl-1,4-dioxan-
2,5-dione and‘3,6-substituted-1,4-dioxane-2,5-diones), alkyl-substituted and
unsubstituted dioxepanones, including 1,4-dioxepan-2-one (including its dimmer
from) and 1,5-dioxepan-2-one, among others; (d) epoxy-esters such as trimethylene
carbonate (also known as 1,3-dioxan-2-one) and ethylene carbonate (also known as
1,3-dioxolan-2-one), among others; and () diacids including alpha,omega-bis-
(carboxy)alkanes and alpha,omega-bis-(carboxy)alkenes, for instance, maleic acid
(cis-1,2-ethylenedicarboxylic acid), fumaric acid (frans-1,2-ethylenedicarboxylic
acid), adipic acid, suberic acid, sebacic acid, and dodecanedioic acid, aromatic
diacids including bis(p-carboxyphenoxy)methane, and alpha,omega-bis-(p-
carboxyphenoxy)alkanes such as 1,3-bis(p-carboxyphenoxy)propane and 1,6-bis(p-
carboxyphenoxy)hexane, among others; and (f) amino acid based polymers include
tyrosine-based polyarylates (e.g., copolymers of a diphenol and a diacid linked by
ester bonds, with diphenols selected, for instance, from ethyl, butyl, hexyl, octyl and
bezyl esters of desaminotyrosyl-tyrosine and diacids selected, for instance, from
succinic, glutaric, adipic, suberic and sebacic acid), tyrosine-based polycarbonates
(e.g., copolymers formed by the condensation polymerization of phosgene and a
diphenol selected, for instance, from ethyl, butyl, hexyl, octyl and bezy! esters of
desaminotyrosyl-tyrosine), and leucine and lysine-based polyester-amides.

[0054] Further biodegradable polymers can be selected from the following, among
many others: polymers and copolymers of lactide and glycolide such as poly(L-
lactide) (PLLA), poly(D,L-lactide) (PLA), polyglycolic acid [polyglycolide (PGA)],
poly(L-lactide-co-D,L-lactide) (PLLA/PLA), poly(L-lactide-co-glycolide)
(PLLA/PGA), poly(D,L-lactide-co-glycolide) (PLA/PGA), poly(glycolide-co-
trimethylene carbonate) (PGA/PTMC), poly(lactide-co-trimethylene carbonate),
poly(lactide-co-delta-valerolactone), poly(L-lactide-co-beta-malic acid), poly(D,L-
lactide-co-caprolactone) (PLA/PCL), and poly.(glycolide-co-caprolactone)
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(PGA/PCL), polyethylene oxide (PEO), polydioxanone (PDS), polypropylene
fumarate, polydepsipeptides, poly(ethyl glutamate-co-glutamic acid), poly(tert-
butyloxy-carbonylmethyl glutamate), caprolactone and vaerolactone polymers and
copolymers such as polycaprolactone (PCL), poly(delta-valerolactone) and
poly(caprolactone-co-butylacrylate), hydroxybutyrate polymers and copolymers such
as polyhydroxybutyrate (PHBT) and poly(beta-hydroxybutyrate-co-beta-
hydroxyvalerate), polyphosphazenes, poly(phosphate esters), anhydride polymers and
copolymers such as poly(adipic anhydride), poly(suberic anhydride), poly(sebacic
anhydride), poly(dodecanedioic anhydride), poly(maleic anhydride), poly[1,3-bis(p-
carboxyphenoxy)methane anhydride] and poly[alpha,omega-bis(p-
carboxyphenoxy)alkane anhydrides] such as poly[1,3-bis(p-carboxyphenoxy)propane
anhydride] and poly[1,3-bis(p-carboxyphenoxy)hexane anhydride], maleic anhydride
copolymers, poly[1,3-bis(p-carboxyphenoxy)propane-co-sebacic acid], and
poly(sebacic acid-co-fumaric acid); carbonates polymers and copolymers such as
poly(trimethylene carbonate), polyiminocarbonates, and poly[(dimethyl-trimethylene
carbonate)-co~(trimethylene carbonate)], e.g., poly[(97.5% dimethyl-trimethylene
carbonate)-co-(2.5% trimethylene carbonate)], cyanoacrylates, poly-D-gluconate,
poly-L-gluconate, poly-D,L-gluconate, polyorthoesters such as those synthesized by
condensing 2,2-diethoxytetrahydrofuran and di-alcohols, and tyrosine-based polymers
such as poly(desaminotyrosyl-tyrosine ethyl ester adipate) or poly(DTE adipate),
poly(desaminotyrosyl-tyrosine hexyl ester succinate) or poly(DTH succinate),
poly(desaminotyrosy!-tyrosine ethyl ester carbonate) or poly(DTE carbonate),
poly(desaminotyrosy!-tyrosine butyl ester carbonate) or poly(DTB carbonate),
poly(desaminotyrosyl-tyrosine hexyl ester carbonate) or poly(DTH carbonate), and
poly(desaminotyrosyl-tyrosine octyl ester carbonate) or poly(DTO carbonate).

[0055] In certain embodiments, all or a portion of the materials forming the slings of
the invention consist of or contain one or more species that promote cellular
attachment. In certain other embodiments, the surfaces of all or a portion of the
materials forming the slings of the invention are provided with one or more species
that promote cellular attachment (e.g., by coating, covalent attachment, etc.).

[0056] Species that promote cellular attachment may be selected, for example, from
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suitable members of the following (or active portions thereof), among others:
extracellular materials such as submucosa, bone marrow ECM, and basement
membrane; various components of extracellular materials, including fibrous materials
and ground substance (e.g., glycosaminoglycans, proteoglycans, and glycoproteins),
for instance, collagen, laminin, elastin, fibronectin, tenascin, perlecan, aggrecan,
heparin sulfate, hyaluron, dermatan sulfate, keratin sulfate, and chrondroitin sulfate,
among others, ankyrins, cadherins, members of the immunoglobulin superfamily
(which includes a wide array of molecules, including NCAMs, ICAMs, VCAMs, and
so forth), selectins (L-, E- and P- subclasses), connexins, mucoadhesives, entactin,
fibrin, yimentin, glycolipids, glycophorin, spektrin, von Willebrand factor, vinculin,
vitronectin, and peptides and proteins containing various peptide attachment
sequences including species containing RGD tripeptide, which has been identified to
be responsible for some of the cell adhesion properties of fibronectin, laminin,
collagen I, collagen 1V, thrombospondin, and tenascin, including, for example, the
GRGDY pentapeptide. More information on these and other peptides can be found in
U.S. Patent No. 6,156,572, U.S. Patent Application No. 2003/0087111 and M. Tirrell
et al., “The role of surface science in bioengineered materials™ Surface Science 500
(2002) 61-83.

[6057] Many of the above species that promote cellular attachment exhibit highly
selective interactions, such as ligand-receptor or antibody-antigen type interactions.
Others, including various mucoadhesives, exhibit more broad-based adhesion.
Mucoadhesives commonly have free carboxylic acid or other anionic groups (e.g.,
sulfonic acid groups). Specific examples of mucoadhesives, non-exclusive of the
mucoadhesives listed in the prior paragraph, include the following: acrylic acid
polymers and copolymers (e.g., carbomer and derivatives such as carbopol and
polycarbophil), poloxamers, celluloses such as methyl cellulose, polyvinyl alcohol,
carboxymethyl cellulose and salts thereof, carboxyethyl cellulose and salts thereof,
hyroxypropylmethyl cellulose, chitin, chitosan, chondroitin, hyaluronic acid and other
glycosaminoglycans, pectin, gelatin, gums such as guar gum, xanthan gum, arabic
gum, and tracanth, agarose, and alginates.

[0058] It should be noted that although surgical slings for treating urinary
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incontinence are described in the illustrative embodiments, the invention may be
emp.loyed, generally, with any suitable medical implant, specifically, with any
surgical sling. For example, the sling-may be a mesh.

[0059] According to various illustrative configurations, the surgical sling may be, for
example, in the range of about 5 cm to about 50 ¢cm in length, and about 0.5 cm to
about 3 cm wide, though larger or smaller slings may be employed to suit the size of
the patient and/or the application. The thickness of the surgical sling may be uniform
over the entire sling, or the thickness may vary at one or more different locations.
According to various illustrative embodiments, the thickness of the surgical sling
ranges, for example, from about 0.01 cm to about 0.2 cm, and in one embodiment is
about 0.08 cm.

[0060] The surgical sling of the invention may have any suitable size or shape
configuration and may include any complimentary features. By way of example, the
surgical sling may be rectangular or substantially rectaﬁgular, trapezoidal, hexagonal,
octagonal or elliptical in shape, as may be suitable for its intended location at a
particular anatomical site. The sling may also have a forked configuration at one or
both ends. In some illustrative embodiments, the edges of the sling may be linear in
nature (i.e., not tanged) or may have V-shaped projections or be frayed (i.e., tanged)
at the edge. In certain illustrative embodiments, the surgical sling may have apertures,
of any suitable shape and size, for example, round, square, diamond-shaped, or
triangular. In other illustrative embodiments, at least one of the sides of the surgical
sling is textured. The textured or irregular surface acts, for example, to enhance tissue
growth into the sling and/or aid in stabilization of the sling in the tissue through
frictional forces, among other purposes. Without limitation, examples of various sling
configurations that may be with illustrative embodiments of the invention are
disclosed in U.S. Ser. No. 10/092,872, entitled "Medical slings,” U.S. Ser. No.
10/640,838, entitled "Medical implant," U.S. Ser. No. 10/641,170, entitled "Medical
slings,” and U.S. Ser. No. 10/641,192, entitled "Medical slings," the entire contents of
all of which are incorporated herein by reference.

[0061] According to another illustrative embodiment, the surgical sling of the
invention includes a tensioning mechanism, for example, for limiting the stretchability

of the surgical sling, for aiding in the application of even tension along the length of
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the sling, and/or for aiding in preventing the surgical sling from becoming misshapen.
Such a tensioning mechanism may be embedded in the sling material and/or may be
made, for example, from resorbable or non-resorbable suture material. The tensioning
device may be substantially linear or coiled. Examples of resorbable suture materials
include, without limitation, polylactic acid (PLA), polyglycolic acid (PGA), and poly-
L-lactic acid (PLLA). Further resorbable suture materials may be selected from the
biodegradable materials described above, among others. Examples of non-resorbable
suture materials include, without limitation, polypropylene (PP) and polybutester.
Without limitation, examples of tensioning mechanisms that may be employed with
illustrative embodiments of the invention are disclosed in U.S. Pat. No. 6,666,817,
entitled "Expandable surgical implants and methods of using them," U.S. Pat. No.
6,669,706, entitled "Thin soft tissue surgical support mesh," U.S. Pat. No. 6,375,662,
entitled "Thin soft tissue surgical support mesh," U.S. Pat. No. 6,042,592, entitled
"Thin soft tissue surgical support mesil," the entire contents of all of which are
incorporated herein by reference.

[0062] According to other illustrative embodiments, the surgical sling of the
invention may be employed as part of a sling assembly, including, for example, a
sleeve for enclosing at least a portion of the surgical sling, and terminating in any
suitable configuration or structure such as loops, apertures, male or female
connectors, guide tubes, and the like. Additionally, the surgical sling of the invention
may be employed with any suitable delivery system. Such delivery systems include,
for example, those delivery systems configured for supra-pubic, pre-pubic,
transvaginal, and/or transobturator procedures. Without limitation, examples of sling
assemblies, delivery devices and implantation approaches that may employ illustrative
embodiments of the invention are disclosed in U.S. Ser. No. 10/015,114, entitled
"Devices for minimally invasive pelvic surgery," U.S. Ser. No. 10/774,826, entitled
“Devices for minimally invasive pelvic surgery,” U.S. Ser. No. 10/093,398, entitled
"System for implanting an implant and method thereof," U.S. Ser. No. 10/093,498,
entitled "System for implanting an implant and method thereof," U.S. Ser. No.
10/093,371, entitled "System for implanting an implant and method thereof," U.S.
Ser. No. 10/093,424, entitled "System for implanting an implant and method thereof,"
U.S. Ser. No. 10/093,450, entitled "System for implanting an implant and method
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~ thereof," U.S. Ser. No. 10/094,352, entitled "System for implanting an implant and
method thereof,” U.S. Ser. No. 10/631,364, entitled "Bioabsorbable casing for
surgical sling assembly,” U.S. Ser. No. 10/641,376, entitled "Spacer for sling delivery
system,"” U.S. Ser. No. 10/641,487, entitled "Systems, methods and devices relating to
delivery of medical implants,” U.S. Ser. No. 10/642,395, entitled "Systems, methods
and devices relating to delivery of medical implants,” U.S. Ser. No. 10/642,397,
entitled "Systems, methods and devices relating to delivery of medical implants,” U.S.
Ser. No. 10/832,653, entitled "Systems and methods for sling delivery and
placement,” U.S. Provisional Application No. 60/569,300, entitled "Systems and
methods for delivering a medical implant to an anatomical location in a patient," and
U.S. Provisional Application No. 60/508,600 entitled "Systems and methods for
delivering a medical implant to an anatomical location in a patient,”" the entire
contents of all of which are incorporated herein by reference.

[0063] Turning to the illustrative drawings, FIG. 1 depicts a view showing a first side
124 of a surgical sling 100 according to an illustrative embodiment of the invention.
The sling 100 is generally rectangular in shape and flat, or sheet-like, with a first side
124, which is seen in this view, and a second side 126, which cannot be seen in this
view. As shown, the sling 100 is manufactured from a plurality of fibers 104, and
includes at least one agent 108. The fibers used to weave the sling sheet may extend
in at least two directions, i.e., X- and Y-directions, which may or may not be
perpendicular to one another. The fibers extending in the different directions may be
the same or they may be different in terms of chemical composition, the agent loaded,
if any, physical dimensions, such as diameter, and surface properties to suit the needs
of promoting organized tissue formation, such as guiding collagenous tissue growth,
particularly scar tissue, in one preferred direction.

[0064] The fibers 104 of the sling 100 are made of a biocompatible material and may
be, for example, knitted or woven to form the sling 100. As used herein, the term
"biocompatible" refers to a material that is substantially non-toxic and that does not
induce a significantly adverse effect on the patient's health. According to one aspect,
at least a portion of the sling 100 is biodegradable. For example, in one illustrative
embodiment, the fibers 104 are biodegradable. However, this need not be the case. In

other illustrative embodiments, only some of the fibers 104 are biodegradable, or only
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a section of the surgical sling 100, such as, for example, a mid-length section, is
biodegradable.

[0065] For example, in one embodiment, only a corresponding mid-length section of
the fibers 104 are biodegradable. In some illustrative embodiments, the fibers 104 in
the other sections of the surgical sling 100 are made of a non-bioabsorbable material.
In some such embodiments, the biodegradable mid-length section has a length of
about 1 mm to about 25 mm, about 5 mm to about 15 mm, or, most preferably, about
5 mm to about 10 mm.

[0066] As indicated above, collagenous-tissue-promoting agent 108, when supplied to
patient's tissues in a pharmaceutically acceptable amount, promote well-organized
collagenous tissue growth, such as scar tissue growth, preferably, in large quantities.
According to one feature, the agent 108 may or may not block or delay the
biodegradability of the sling 100. This may be controlled by selecting different
methods to load the agent onto the sling fibers. According to the illustrative
embodiment of FIG. 1, the agent 108 includes a tissue-growth-promoting agent, but
any suitable agent may be employed, including those described above.

[0067] In various illustrative embodiments, agent 108 may be supplied which include
one or more therapeutic agents. The therapeutic agents may be, for example, anti-
inflammatory agents, including steroidal and non-steroidal anti-inflammatory agents,
analgesic agents, including narcotic and non-narcotic analgesics, local anesthetic
agents, antispasmodic agents, growth factors, gene-based therapeutic agents, and
combinations thereof.

[0068] The agent 108 maybe associated with the sling 100 in a variety of manners.
For example, referring again to FIG. 1, the agent 108 may be chemically or physically
attached to the surface of one or more of the biocompatible fibers 104. In one
illustrative embodiment, the surface of the biocompatible fibers 104 and the agent
108, for-example, in solution, have complementary ionic charges. As such, when
placed on the fibers 104, the agent 108 ionically bonds to the surface of the fibers 104.
In another illustrative embodiment, before application of the agent 108, a coating is
applied to the surface of the fibers 104. For example, a hydrophilic or hydrophobic
coating may be applied to the surface of the fibers 104. The hydrophilic or
hydrophobic coating then absorbs a hydrophilic or hydrophobic agent 108,
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respectively, to the surface of the fibers 104. In yet another embodiment, the
hydrophilic or hydrophobic coating and the hydrophilic or hydrophobic agent 108,
respectively, are mixed together to form a single coating and then applied to the
surface of the fibers 104. Alternatively, in another illustrative embodiment, the agent
108 is in the form of, for example, a paste or a gel. The agent 108 is itself applied as a
coating to the surface of the fibers 104 and held in place by, for example, various non-
covalent binding forces. In other illustrative embodiments, any suitable methodology
for associating the agent 108 with the fibers 104, such that the agent 108 can leach to
tissue in the region of the implanted sling 100, may be employed.

[0069] FIG. 2 depicts a surgical sling 100 according to another illustrative
embodiment of the invention. As shown, rather than being attached to the surface of
the biocompatible fibers 104, as in FIG. 1, the agent 108 is integrally combined with
the fibers 104. This integral combination may be achieved in a variety of ways. For
example, in one illustrative embodiment, the agent 108 is initially blended with a
polymer. The agent 108/polymer blend is then used to fabricate the fibers 104. As
another example, in another illustrative embodiment, a preexisting fiber 104 is
impregnated the agent 108. The fibers 104 containing the agent 108 may be knitted
or weaved, for example, to construct the sling 100. In another illustrative
embodiment, the agent 108 loaded fiber is knitted or weaved into the fibers extending
in one direction, for example, the X direction, to promote guided/oriented tissue
growth/attachment. In one illustrative embodiment, the agent 108 is impregnated into
the finished sling or mesh. For example, in an illustrative embodiment, the fibers 104
are made of a wettable material. The agent 108, for example, in solution, is then
applied to and absorbed into the fibers 104.

[0070] FIG. 3 depicts another illustrative embodiment of the surgical sling 100. In
this example, the sling may be made of two or more types of fibers knitted or woven
together to construct the sling 100. The fibers 104 and the fibers 105 may have
different chemical characteristics from each other, different physical characteristics
from each other, or both. The fibers 104 extend in direction X relative to the
orientation of the surgical sling 100 and the fibers 105 extend in direction Y, different
from the direction of the fibers 104, relative to the orientation of the surgical sling

100. In one illustrative embodiment, the fibers 104 may be fabricated with an agent
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108, while the fibers 105 may be fabricated with the same agent 108, a different agent
108, or with no agent. In another embodiment, the differences in the physical
characteristics of the fibers 104 and 105, with or without agent, guide the formation of
well-organized collagenous tissue such as scar tissue. In one embodiment, the fibers
104 have surface features that promote the growth of well-organized collagenous
tissue such as scar tissue, whereas the fibers 105 may or may no have such features.
In a yet another embodiment, these surface structures are combined with the presence
of the agent 108.

[0071] FIGS. 8A and 8B depict another illustrative embodiment of the surgical sling
100. In this example, sling 100 contains both biodegradable 100b and permanent
100p portions. FIG. 8B is a schematic enlarged view of a portion 100be of
biodegradable region 100b of FIG. 8A. As seen from this drawing, region 100b of
FIG. 8A includes longitudinal fibers 104 and holding fibers 105. The longitudinal
fibers 104 in this embodiment are adapted to promote collagenous tissue formation.
[0072] In an illustrative embodiment, the longitudinal fibers 104 are adapted to be |
encapsulated in collagenous tissue, forming what may be termed as a “micro scar.” In
one aspect, these tiny micro scars are inter-linked to form the bundles of fibers and
those bundles are further stabilized by the permanent holding fibers to form a
macroscopically organized collagen bundles or “artificial tendons”.

[0073] In an illustrative embodiment, by selecting a suitable biodegradable material
for the fibers 104, the fibers themselves stimulate moderate inflammation upon
biodegradation, and therefore scar formation surrounding the fiber. The newly
formed collagenous tissue will then take over the load gradually, as the fiber
degrades. Biodegradation may occur over a period of three to six months, among
other time frames, as described below.

[0074] Preferably, the longitudinal fibers 104 in this embodiment are adapted to
promote collagenous tissue formation to a greater degree than do the holding fibers
105. Preferential collagenous tissue formation may be achieved via the chemical
characteristics of the sling 100, the physical characteristics of the sling 100, or both.
[0075] For instance, preferential collagenous tissue formation may be achieved in
some embodiments, by providing the holding fibers 105 in a substantially lower

density than the longitudinal fibers 104 (e.g., having a fiber-to-fiber spacing that is 2
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to 50 to 10 to 25 to 50 to 100 or more times that between the longitudinal fibers 104).
In some embodiments, the holding fibers 104 may be dispensed with entirely.

[0076] As an alternative to (or in addition to) varying fiber density, in certain
illustrative embodiments, the fibers 104, 105 are adapted such that collagenous tissue
formation occurs to a greater extent along the longitudinal fibers 104, relative to the
holding fibers 105.

[0077] As a specific example, research by J.E. Sanders and others with various fibers
has revealed that microfiber diameter influences fibrous capsule formation to a greater
degree than various other factors, including fiber composition or fiber surface charge.
In particular, they noted reduced fibrous capsule thicknesses for small fibers (<6 pm
diameter) as compared with larger fibers (i.e., fibers ranging from ~6 to ~27 um,
depending on the study), with many of the small fibers displaying no capsule and no
sign of a foreign-body reaction. See J.E. Sanders et al., “Relative influence of
polymer fiber diameter and surface charge on fibrous capsule thickness and vessel
density for single-fiber implants,” Biomed Mater Res A. 2003 Jun 15; 65(4): 462-7,
J.E. Sanders et al., “Tissue response to single-polymer fibers of varying diameters:
evaluation of fibrous encapsulation and macrophage density,” J Biomed Mater Res.
2000 Oct; 52(1): 231-7; J.E. Sanders et al., Tissue response to microfibers of different
polymers: polyester, polyethylene, polylactic acid, and polyurethane,” J Biomed
Mater Res. 2002 Nov; 62(2): 222-7; J.E. Sanders et al., “Polymer microfiber
mechanical properties: a system for assessment and investigation of the link with
fibrous capsule formation,” J Biomed Mater Res A. 2003 Dec 15; 67(4): 1412-6.
[0078] Thus, the diameter of the fibers 104, 105 of FIG. 8B may be controlled such
that that such that fibrous encapsulation is preferentially promoted along the
longitudinal fibers 104, relative to the holding fibers 105. For example, the

longitudinal fiber may have diameters greater than 1 pm (e.g., about 1 pm to 5 pm to
10 pm to 25 pm to 50 pm to 100 pum, for instance, about 10 pm) while the holding
fibers may have diameters less than 10 pm (e.g., about 100 nm to 250 nm to 500 nm

to 1 um to 2.5 pm to 5 pm to 10 pum, for instance about 1 um). Fiber surface and

spacing may also have an effect upon tissue formation and thus may be optimized for
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enhanced tissue formation on longitudinal fibers 104, inhibited tissue formation on
holding fibers 105, or both.

[0079] As another example, longitudinal fibers 104 may be provided with
longitudinal grooves or other surface topography effective to promote well-organized
collagenous tissue growth along the fibers, whereas the holding fibers 105 are not.
[0080] As an alterative to (or in addition to) varying fiber density, diameter,
morphology and/or spacing, tissue formation may be enhanced for the longitudinal
fibers 104 relative to the holding fibers 105 by using fiber compositions that promote
collagenous tissue growth along the longitudinal fibers 104, by using fiber
characteristics that inhibit collagenous tissue growth (e.g., surface smoothness as well
as hydrophilic vs. hydrophobic surfaces, etc.) along the holding fibers 105, or both.
[0081] For instance, the longitudinal fibers 104 may be formed from a biodegradable
material that promotes collagen tissue production to a greater degree than the material
used to form the spacer fibers 105. For example, the longitudinal fibers 104 may be
formed from a polymer which provokes an inflammation response, whércas the spacer
fibers 105 may be formed from a polymer that does not. As another example, the
longitudinal fibers 104 may be formed from a polymer promoteé cellular attachment,
whereas the spacer fibers 105 may be formed from a polymer that does not.

[0082) As another example, fiber composition can be differentiated by providing the
longitudinal fibers 104 with collagenous-tissue-promoting agents, by providing the
spacer fibers 105 with collagenous-tissue-inhibiting agents, or both. Such agents may
be provided, within the matrix forming the longitudinal fibers 104, at the surface of
the longitudinal fibers 104, within the matrix forming the spacer fibers 105, at the
surface of the spacer fibers 105, within the openings between the fibers 104, 105, and
so forth. (Further examples of ways which agents may be disposed within slings are
discussed elsewhere herein.)

[0083] Specific examples of collagenous-tissue-prémoting agents may be selected,
for example, from species that have been identified in tendon growth and/or healing
processes, among other agents. In this regard, growth factors and other species (e.g.,
transforming growth factor beta (TGF-beta), epidermal growth factor (EGF), platelet-
derived growth factor (PDGF), insulin-like growth factor (IGF), basic fibroblast
growth factor (bFGF), vascular endothelial growth factor (VEGF), substance P, etc.)
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may be incorporated into the fibers in some embodiments. See, e.g., the following:
X.T. Wang et al., “Tendon Healing In Vitro: bFGF Gene Transfer to Tenocytes by
Adeno-Associated Viral Vectors Promotes Expression of Collagen Genes,” Hand
Surg [Am]. 2005 Nov; 30(6): 1255-61; P. Burssens et al., “Exogenously administered
substance P and neutral endopeptidase inhibitors stimulate fibroblast proliferation,
angiogenesis and collagen organization during Achilles tendon healing,” Foot Ankle
Int. 2005 Oct; 26(10): 832-9; S. Thomopoulos et al., “Effect of several growth factors
on canine flexor tendon fibroblast proliferation and collagen synthesis in vitro,” J
Hand Surg [Am]. 2005 May; 30(3): 441-7 (a combination of PDGF-BB and bFGF led
to an increase in fibroblast proliferation but no change in collagen production
compared with each factor alone, cell proliferation and collagen production were
unchanged with VEGF and BMP-2); and T. Tsubone et al., “Expression of growth
factors in canine flexor tendon after laceration in vivo,” Ann Plast Surg. 2004 Oct;
53(4): 393-7 (TGF-beta, EGF, PDGF-AA, PDGF-BB, IGF, bFGF and VEGF are all
expressed at 10 days after tendon injury in and around the repair site). Synthetic
growth factors are available from various sources. For example, FGF analogs are
available from BioSurface Engineering Technologies, Inc. (BioSET), of College Park,
Maryland, USA.

[0084] In another illustrative embodiment of the surgical sling 100, as depicted in
FIG. 4, the fibers 104 of the surgical sling 100 define one or more openings 116 in the
sling 100. The openings 116 may assume any shape or size relative to the sling 100.
As illustrated in FIG. 5, a hydrogel coating 120, which contains the agent 108, and
which, preferably, has a high enough viscosity to maintain the agent 108 in the
openings 116, is applied to the sling 100 of FIG. 4 to fill the openings 116.

[0085] Referring again to FIG. 4, in an alternative illustrative embodiment, an
absorbable foam material (not shown)' is disposed into the openings 116.
Alternatively, the foam material may be embedded into the sling 100 so as to be
present in the openings 116. The foam material is then, for example, thermally bonded
to the sling 100. The agent 108, for example, in solution, is subsequently applied to
and absorbed by the foam material. The foam material may be manufactured from, for
example, polyvinyl acetate (PVA), polyurethane, silicone, polyester, polyethylene,

gelatin, hyaluronic acid, chitosan, regenerate cellulose, or other suitable materials.

25



WO 2007/100459 PCT/US2007/003293

[0086] According to another illustrative embodiment, the invention employs surface
patterning on the surgical sling 100, alone or in combination with the agent 108, to
promote well-organized collagenous tissue growth. Referring to FIGS. 6A-6C, in one
illustrative embodiment, the first side 124 of the sling 100 includes one or more
longitudinal channels 128. The channels 128 may be formed by longitudinalty
extending raised projections 129 on the first side 124, as illustrated in FIG. 6A.
Alternatively, the channels 128 may be formed into the first side 124, as illustrated in
FIG. 6C. As shown in FIG. 6B which is a view showing the first side 124, the
channels 128 extend along the entire length of the surgical sing 100, from a first end
132 to a second end 136. However, this need not be the case. In alternative
embodiments, the channels 128 extend an intermediate distance between the ends 132
and 136.

[6087] As shown in FIG. 6D, in other illustrative embodiments, the channels 128 may
extend axially along both the first 124 and second 126 sides of the surgical sling 100.
As discussed in further detail below with respect to FIGS. 9A-9C, and as indicated in
FIG. 6E, as collagenous tissue growth occurs, the channels or surface pattern 128,
engage the fibroblast cells and/or collagenous tissue 152 and improve cell/tissue
attachment on to the sling and therefore guide its growth, such that the collagenous
tissue 152, such as scar tissue, grows in the channels 128 as a well-organized, as
opposed to a randomized, tissue 152. )

[0088] Referring now to FIG. 7, the surgical sling 100 may include one or more
through holes/apertures 140. In the illustrative embodiment of FIG. 7, the through
holes 140 are formed as perforations that pass from the first side 124 through to the
second side 126 of the surgical sling 100. Following stimulation of the patient's
surrounding (e.g., periurethral) tissues by the agent 108, through holes 140 engage the
resulting collagenous tissue 152. The collagenous tissue 152 grows in such a manner
as to pass in and out of the through holes 140 and incorporate the surgical sling 100.
As such, the tissue 152 grows in a well-organized, as opposed to a randomized,
manner surrounding the sling and/or sling fibers.

[0089] The sides 124 and/or 126 of the surgical sling 100 may, in other illustrative
embodiments, include other patterns or designs to promote fibroblast proliferation,

and the well-organized collagenous tissue growth. For example, the sides 124 and/or
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126 may include texturing/roughening, such as, without limitation, one or more
projections, depressions, rises, ridges, valleys, embossing, or combinations of any
thereof. The texture may be formed by employing fibers 104 having various cross-
sectional shapes, such as, circular, ovoid, square, rectangular, channeled (e.g., star or
other cross-section resulting in a longitudinal groove down the length of the fiber), or
other regular or irregular shapes. The surgical sling 100 may also includes portions
having a varying thickness and/or width, which may be achieved, for example, by
employing fibers 104 having varying diameters and/or by changing knit and/or weave
density. Other patterns and designs may be formed on the sides 124 and 126 of the
surgical sling 100 by any suitable approach.

[0090] In other illustrative embodiments, the invention provides methods for treating
urinary incontinence. Generally, referring to FIG. 9A, the surgical sling 100 is
implanted in a patient's periurethral tissues 144 and positioned adjacent the patient's
urethra 148. Initially, the surgical sling 100 provides physical support to the patient's
urethra 148. The sling 100 releases the agent 108 into tissue near the implantation site
to stimulate collagenous tissue growth. According to one feature, the structure of the
surgical sling 100 encourages well-organized collagenous tissue growth. Referring
now to FIG. 9B, after a pre-determined period of time, such as, for example, about
two (2) to about eight (8) weeks, newly formed tissue 152 begins to support the
patient's urethra 148. As illustrated in FIG. 9C, in one illustrative embodiment, the
sling 100 is biodegradable, and after an additional pre-determined period of time, such
as, for example, about three (3) to about six (6) months, the sling 100 is completely
biodegraded. A natural tissue based sling 156, formed from the collagenous tissue
152, is left behind in the patient's periurethral tissues 144, adjacent the urethra 148.
The natural tissue based sling 156 provides the requisite support to assist in
maintaining continence. The natural tissue based sling 156 may be capable of
adjusting itself to the anatomy of the patient's body changes without causing injury to
the patient, such as increase in necessary length as the body gains additional weight.
[0091] Variations, modifications, and other implementations of what is described may

be employed without departing from the spirit and the scope of the invention.
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IN THE CLAIMS:

1. A surgical implant comprising a surgical sling for implantation at an anatomical
site in a body of a patient, said sling comprising a plurality of first fibers which are
biodegradable and which become encapsulated by collagenous tissue growth upon

implantation.
2. The surgical implant of claim 1, wherein said surgical sling is a urethral sling.

3. The surgical implant of claim 1, wherein said sling comprises (a) a mid-section
comprising said biodegradable fibers and (b) two end sections at opposing ends of

said mid-section, each comprising biostable fibers.

4. The surgical implant of claim 1, wherein said first fibers extend along at least a

portion of the length of said sling.

5. The surgical implant of claim 1, wherein said first fibers comprise a biodegradable

polymer.

6. The surgical implant of claim 1, wherein said first fibers comprise a biodegradable
polymer is selected from polysachharides, poly(amino acids), polyesters,

polyanhydrides, and combinations thereof.

7. The surgical implant of claim 1, wherein said first fibers comprise a biodegradable
polymer selected from hyaluronic acid, chitosan, collagen, fibronectin, poly(L-
lactide), poly(D,L-lactide), poly(L-lactide-co-glycolide), poly(D,L-lactide-co-

glycolide), and combinations thereof.

8. The surgical implant of claim 1, wherein said first fibers comprise a species that

promotes cellular attachment.
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9. The surgical implant of claim 8, wherein said species that promotes cellular
attachment is selected from RGD-peptide-containing-species, extracellular matrix

.components, and combinations thereof.

10. The surgical implant of claim 1, wherein said first fibers comprise a collagenous-

tissue-promoting agent.

11. The surgical implant of claim 1, wherein said first fibers comprise a collagenous-
tissue-promoting agent selected from cytokines, cells, sclerosing agents, and
combinations thereof.

12. The surgical implant of claim 1, wherein said first fibers comprise a collagenous-
tissue-promoting agent selected from platelet-derived growth factor, fibroblast growth

factor, substance P, and combinations thereof.

13. The surgical implant of claim 1, wherein said first fibers have diameters ranging

from 5 pm to 50 pm.

14. The surgical implant of claim 1, wherein said sling comprises second fibers.
15. The surgical implant of claim 14, wherein said second fibers are biodegradable.
16. The surgical implant of claim 14, wherein said second fibers are biostable.

17. The surgical implant of claim 14, wherein said sling is configured such that said

second fibers determine the spacing between said first fibers.

18. The surgical implant of claim 14, wherein said second fibers are interwoven with

said first fibers.

19. The surgical implant of claim 14, wherein said first fibers are more readily

encapsulated by collagenous tissue growth upon implantation than are said second
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fibers.

20. The surgical implant of claim 19, wherein said first fibers have a diameter or
surface texture that promotes encapsulation by collagenous tissue growth and said
second fibers have a diameter or surface texture that inhibits encapsulation by

collagenous tissue growth.

21. The surgical implant of claim 19, wherein said first fibers have a diameter

between 5 pm and 50 um and said second fibers have a diameter that is between 100

nm and 1 pm.

22. The surgical implant of claim 19, wherein said first fibers comprise a species that

promotes cellular attachment.

23. The surgical implant of claim 19, wherein said first fibers comprise a

collagenous-tissue-promoting agent.

24. The surgical implant of claim 19, wherein said second fibers comprise a

collagenous-tissue-inhibiting agent.
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