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A sling In accordance with the invention includes a synthetic material and a non-synthetic material positioned adjacent thereto. The

non-synthetic material may be wrapped around or may be attached to the synthetic material. Additionally, the non-synthetic
material may include slits. Methods for making such slings are also described.
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ABSTRACT

A sling 1n accordance with the invention includes a synthetic material and a
non-synthetic material positioned adjacent thercto. The non-synthetic material may be
wrapped around or may be attached to the synthetic material. Additionally, the non-

synthetic material may include slits. Methods for making such slings are also

described.
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MEDICAL SLINGS

TECHNICAL FIELD

[0002] This invention generally relates to medical slings, methods of making such shings, kits
including such slings, and methods of treating a damaged portion of a patient’s body using such
slings.

BACKGROUND INFORMATION
[0003] Urinary incontinence 1s a disorder that generally affects people of all ages. The
inability to control urination can impact a patient both physiologically and psychologically.
Urinary incontinence can interfere with a patient’s daily activity and impair quality of life. Stress
urinary incontinence is one type of urinary incontinence. Actions inciuding straining, coughing,
and heavy lifting can cause those with stress urinary incontinence to void urine involuntérily.
[0004]  Various physiological conditions cause urinary incontinence in women. Stress
urinary incontinence generally is caused by two conditions that occur independently or in
combination, intrinsic sphincter deficiency and hypermobility. Intriﬁsic sphincter deficiency
(ISD) is a condition where the urethral sphincter fails to coapt properly. When functioning
properly, the urethral sphincter muscles relax to enable the patient to void, and the sphincter
muscles are otherwise constricted to retain uritie. ISD may cause urine to leak out of the urethra
during stressful actions. Hypermobility is a condition where the pelvic floor 1s weakened or
damaged causing the bladder neck and proximal urethra to rotate and descend in response to
increases in intraabdominal pressure. When intraabdominal pressure increases (due, for
example, to strain resulting from coughing), the hypen}lObﬂity condition may cause urine
leakage. Some women suffer from a combination of ISD and hypermobility.
[0005]} The methods for treating stress urinary incontinence include placing a sling to either
compress the urethral sphincter or placing a sling to support, elevate or provide a “back stop” to

the bladder neck and proximal urethra. Providing support to the bladder neck and proximal
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urethra maintains the urethra in the normal anatomical position and elevation places the urethra
above the normal anatomical position. The “back stop” prevents descent according to the
hammock theory such that the back stop prevents the bladder neck from descending upon

application of strain.
,

[0006] Generally, slings are employed to support anatomical structures. Slings may be made

from one or more materials derived from non-synthetic material(s), for example, mammalian
tissue(s), synthetic material(s), or from a combination of non-synthetic material(s) and synthetic
material(s).

[0007] The presence of non-synthetic material(s) can prevent erosion and irritation, caused
by the use of synthetic materials alone. It has been observed that the interaction between the
synthetic material of a sling and the body may cause erosion into the body, e.g., the urethra or
vagina. The incorporation of non-synthetic material(s) into the sling prevents this erosion,
thereby increasing patient comiort.

[0008] After implantation in a patient, slings made from mammalian tissues typically require
a six to twelve month period to be absorbed by the patient’s body, after which the implanted
mammalian tissue is not recognizable from the patient’s surrounding tissue. Mammalian tissue
slings include tissue harvested from the patient or a donor. In some instances, the mammalian

tissue may be human cadaveric tissue.

SUMMARY OF THE INVENTION
[0009] The present invention relates fo slings, methods of making such slings, medical kits
including such slings, and methods of treating a damaged portion of a patient’s body using such
slings. Various known surgical procedures employ slings to support anatomical structures.
Exemplary surgical applications include the treatment of urinary incontinence, the repair of
herniation, and orthopedics generally.
[0010] In accordance with one aspect of the invention, cuts are disposed through the sling
material to provide open areas in the sling, which enable rapid tissue in-growth into the sling
material while maintaining a high tensile strength. The cuts can be slits, holes, and/or apertures.
The sling with the cuts according to the invention maintains a substantially constant width during
and after implantation in a patient’s body. The risk of pressure necrosis or erosion of the
damaged portion of the patient’s body caused by uneven sling pressure is reduced because the
sling width remains substantially constant even when the sling is stretched longitudinally during

the implantation procedure.
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[0011]  The benefits of such a sling, which can comprise synthetic material, mammalian

tissue, or a combination of synthetic and mammalian tissue material with cuts disposed through

the material, include rapid fibrosing of the sling, a shortened healing period, and little or no sling
movement after implantation. In accordance with the invention, when a sling 1s employed to
treat female urinary incontinence connective tissue resembling scar tissue will begin to infiltrate
one or more open areas disposed in the sling (which 1s positioned underneath the patient’s
urethra). The formation of scar tissue generally adds bulk that compresses the urethra and
provides the support to improve patient continence. The scar tissue that infiltrates the sling holds
the sling at the site of implantation and inhibits or prevents its movement,

[0012] In general, in one aspect, the invention involves a sling for use in a medical
application. The sling is made of a sheet of synthetic material, mammalian tissue, or a
combination of mammalian tissue and synthetic material. The sheet has a longitudinal axis with
a first end portion and a second end portion. The second end portion of the sheet 1s disposed
opposite and away from the first end portion along a longitudinal axis. The sheet also includes a
first side and a second side; the second side is disposed opposite and away from the first side by a
distance and along a perpendicular axis. The perpendicular axis is perpendicular or substantially
perpendicular to the first axis (i.e., for example a longitudinal axis). The perpendicular axis
intersects the longitudinal axis at the midpoint or substantially the midpoint of the longitudinal
axis. The sheet further includes one or more cuts disposed substantially along at least a portion
of the second axis (i.e., for example a perpendicular axis). The cuts are disposed such that upon
exposure to tensioning force applied to the sheet substantially along the longitudinal axis during
the medical application, the distance along the perpendicular axis remains substantially constant.
[0013] Embodiments of this aspect of the invention can include the following features. The
cuts disposed on the sling may be a slit disposed through the sheet of material. The slits may be
disposed such that at least some of the slits open upon exposure to the tensioning force applied
during the medical application. The open slits provide open areas on the sling, which permit
tissue crosslinking and in-growth therein when implanted inside the body of a patient.

[0014]  Alternatively, the cuts may comprise any aperture disposed through the sheet of the
sling. Upon exposure to the tensioning force applied during the medical application, at least
some, and generally all, of the apertures on the sling remain open. The apertures that remain
open provide open areas on the sling. The open areas permit tissue crosslinking and in-growth

into the cuts when the sling is implanted inside the body of a patient. The cuts may be disposed
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substantially along the perpendicular axis of the sling. In some embodiments the cuts may be
equidistant from one another.

[0015] In other embodiments, a line may be disposed, as a visual indicator, substantially
along at least a portion of the perpendicular axis of the sling. The line can be made by applying a
surgical ink to the sling material.

[0016] The material of the sling may be derived from mammalian tissue source(s), synthetic
material(s), or a combination of mammalian tissue(s) and synthetic material(s). The mammalian
tissue source may be human, human cadaveric, or tissue-engineered human tissue. The
mammalian tissue may alternatively be from an animal source. Suitable sources of animal
tissues may include porcine, ovine, bovine, and equine tissue sources. The material may be an
omnidirectional material, a material that has equivalent tensile strength from any direction, such
as pericardium or dermis. Alternatively, the material of the sling may be an oriented material, a
material that has a single direction where the tensile strength of the material 1s the highest.
Oriented materials may include rectus fascia and/or facia lata.

[0017] The synthetic material may be a solid material, a weave, a braid, a mesh, or some
other suitable construction. The synthetic material source may be nylon, polyethylene, polyester,
polypropylene, fluoropolymers, copolymers thereof, and other suitable synthetic materials. The
material may be a synthetic material that is absorbable by the patient’s body. Suitable absorbable
synthetic materials may include polyglycolic acid, polylactic acid, and other suitable absorbable
synthetic materials. The synthetic material may be oriented and have a single direction where the
tensile strength of the material is highest. Alternatively, the material may be omnidirectional
such that any direction of the synthetic material may have equivalent tensile strength.

[0018] The cuts can be formed through a sheet made of oriented tissue material along the
grain, i.€., along a single direction where the tenstle strength of the material is the highest. By
disposing the cuts along the grain of the oriented material, the strength of the sheet may be
substantially maintained. Upon exposure to tensioning force applied to the sheet substantially
along the longitudinal axis, the distance along the perpendicular axis of the oriented sheet
remains substantially constant. Likewise, by forming cuts through and along the highest tensile
strength direction of a sheet of synthetic sling material, the strength of the synthetic sheet may be
substantially maintained.

[0019] In one embodiment, one or more fasteners are disposed on the sheet of sling material.

The fasteners may be disposed in regions of the sheet where there are no cuts. The fasteners may
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be disposed, for example, at each of the first end portion and the second end portion of the sheet.
Alternatively, or in addition, one or more eyelets may be disposed through both the first end
portion and the second end portion of the sheet. In one particular embodiment, a fastener, for
example a suture, is secured to a sling by threading it through an eyelet disposed through the
sling.

[0020] The sling of the invention may be made of a sheet that is in a shape suitable for a
medical application. Suitable shapes may include rectangular and substantially rectangular. The
sling may be octagonal, hexagonal, trapezoidal, elliptical, or some other shape that is suitable to
the slings intended placement location within the body. In some embodiments, the sheet has
elongated members, which extend substantially from a central portion of the sheet. The
elongated members may be anchored to an anatomical structure in the patient without use of a
suture.

[0021] In general, in another aspect, the invention relates to a method of making a sling by
forming one or more cuts in a sheet of material provided in a shape suitable for use in a medical
application. The sheet provided may be derived from mammalian tissue(s), synthetic material(s),

or a combination of mammalian tissue(s) and synthetic material(s). The sheet includes a first end

. portion and a second end portion. The second end portion of the sheet is disposed opposite and

away from the first end portion along a longitudinal axis. The sheet also includes a first side and
a second side. The second side is disposed opposite and away from the first side by a distance
and along a perpendicular axis. The perpendicular axis is substantially perpendicular to the
longitudinal axis. 'The perpendicular axis intersects the longitudinal axis at substantially the
midpoint of the longitudinal axis. The one or more cuts are formed substantially along at least a
portion of the perpendicular axis of the sheet. The cuts are formed in the sheet such that the
distance along the perpendicular axis of the sheet remains substantially constant upon exposure
to the tensioning force applied to the sheet substantially along the longitudinal axis during a
medical application.

[0022] Embodiments of this other aspect of the invention can include the following features.
The method of making the sling can further comprise forming a line substantially along at least a
portion of the perpendicular axis of the sling. The line can be formed by applying surgical ink to
the sling material. The line may be used as a visual indicator during a medical application.
[0023] The method of making the sling can further comprise disposing one or more fasteners

at the first end portion of the sheet. One or more fasteners may also be disposed at the second



10

15

20

235

30

CA 02711722 2010-08-13
WO 03/105727 PCT/US03/18637

-6 -
end portion of the sheet, The fasteners may be disposed on regions of the first end portion and
the second end portion of the sheet where cuts are not disposed through the material.
[0024] The method of making the sling can further comprise sterilizing the material and
sterilizing the sling according to methods known in the art to make the sling suitable for use in
various medical applications. The method of making the sling may include packaging the sling
1n a sterile holder. According to methods of the invention, the sling may be packaged under
conditions that are dry and protective from ultra-violet light.
[0025]  In general, in a further aspect, the invention involves a method of treating a damaged
portion of a patient’s body. A sling is provided and then used. The sling i1s made of a sheet of
material that has cuts disposed through the sheet to provide open areas upon implantation inside
the patient’s body. The material of the sheet may be derived from mammalian tissue(s),
synthetic material(s), or a combination of mammalian tissue(s) and synthetic material(s). The
sheet includes a first end portion and disposed opposite and away from the first end portion along
a longitudinal axis is a second end portion. The sheet also includes a first side and disposed
opposite and away from the first side by a distance and along a perpendicular axis is a second
side. The perpendicular axis is substantially perpendicular to and intersects the longitudinal axis
at substantially the midpoint of the longitudinal axis. The sheet further includes one or more cuts
disposed substantially along at least a portion of the perpendicular axis. The first end portion of
the sling sheet is secured to a first anatomical structure in the body of the patient. Tensioning
force 1s applied substantially along the longitudinal axis of the sheet. The second end portion of
the sling 1s secured to a second anatomical structure in the body of the patient. The sling is
secured inside the body of the patient such that it’s perpendicular axis lies substantially along a
portion of the patient’s body. The one or more cuts are disposed such that the distance along the
perpendicular axis of the sheet remains substantially constant when the sling is secured. The
secured sling supports a damaged portion of the patient’s body.
[0026]  The method of using the sling of the invention may further comprise securing the first
end portion to an anatomical structure using a surgical fastener, Surgical fasteners employed to
secure the sling may include a suture, a clip, a bone anchor, a staple, or other suitable fasteners.
[0027] The sling may be secured to an anatomical structure 1n the body of the patient.
Suitable anatomical structures include: bone, fascia, ligament, or muscle. Alternatively, the sling
may be secured in an anchorless manner, in which the structure of sling (i.e., tanged portions)

provides resistance against movement of the sling in the tissue while tissue in growth occurs.
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[0028] The method of using the sling can further comprise centering the sling at the damaged
portion of a patient’s body using a line disposed substantially along at least a portion of the
perpendicular axis as a visual indicator. The line may provide a visual indication of where the
one or more cuts are disposed on the sling and the line may be employed to help align the cuts
with the damaged portion of the patient’s body.
[0029]  When the cuts are slits, at least some of the slits can be open when supporting the
damaged portion of the patient’s body. Alternatively, when the cuts are apertures, at least some
of the apertures can remain open when supporting the damaged portion of the patient’s body.
The open cuts provide open areas on the sling that permit the patient’s tissue to crosslink and
grow 1nto the open areas on the sling once the sling is secured inside the body of the patient. The
scar tissue in-growth both secures the sling inside the patient’s body and provides support to the
areas of the body into which the tissues grow.
[0030] The method may further comprise evenly distributing pressure on a damaged portion
of a patient’s body with the secured sling material. In one embodiment, the sling is employed to
treat a female patient with urinary incontinence. The sling material may be implanted to evenly
distribute pressure on a patient’s urethra. The sling may be delivered and implanted to treat
female urinary incontinence according to transvaginal, transabdominal, supra-pubic, pre-pubic,
or transobturator approaches, or some combination of these procedures.
[0031] In one embodiment, the sling is employed to treat a patient suffering from ISD. The
sling may be implanted such that the one or more cuts on the sling contact the underside of the
patient’s sphincter muscle, the first side of the sling contacts the under portion of the distal
bladder neck and second side of the sling contacts the under portion of the urethra. The sling can -
be implanted such that the sling material evenly distributes pressure on a patient’s sphincter
muscle without applying pressure to the urethra or bladderneck. Alternatively, the method may
be employed to treat a patient with bladderneck hypermobility and the cuts on the sling may be
placed adjacent to the patient’s mid urethra.
[0032]  The patient’s body can absorb the material of the sling after implantation of the sling
in the body. The shing material absorbed by the patient’s body may be made from mammalian
tissue. Alternatively, synthetic absorbable sling material may be absorbed by the patient’s body
after implantation therein.
[0033] In another aspect, the invention relates to a sling for use in a medical application

including a sheet including a synthetic material. The sheet includes a first end portion and a
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second end portion, the second end portion disposed opposite and away from the first end portion
along a first axis and a first side and a second side, the second side disposed opposite and away
from the first side by a distance and along a second axis that is substantially perpendicular to the
first axis and that intersects the first axis at substantially the midpoint of the first axis. The sheet
further includes a non-synthetic material wrapped around at least a portion of the sheet.
0034] In yet another aspect, the invention relates to a sling for use in a medical application
including a sheet including a synthetic material. The sheet includes a first end portion and a
second end portion, the second end portion disposed opposite and away from the first end portion
along a first axis and a first side and a second side, the second side disposed opposite and away
from the first side by a distance and along a second axis that is substantially perpendicular to the
first axis and that intersects the first axis at substantially the midpoint of the first axis. The sheet
further includes a non-synthetic material attached to the sheet by at least one of glue, a suture, a
staple, a rivet, an eyelet rivet, a fastener, a clip, and combinations thereof.
[00335] In still another aspect, the invention relates to a sling for use in a medical application
including a sheet including a synthetic material. The sheet includes a first end portion and a
second end portion, the second end portion disposed opposite and away from the first end portion
along a first axis and a first side and a second side, the second side disposed opposite and away
from the first side by a distance and along a second axis that is substantially perpendicular to the
first axis and that intersects the first axis at substantially the midpoint of the first axis. The sheet
further includes a non-synthetic material disposed adjacent to the sheet, wherein the non-

synthetic material defines at least one or more slits disposed substantially along at least a portion

of the second axis.

[0036] In various embodiments of the foregoing aspect, at least some of the slits open upon
exposure to a tensioning force applied during the medical application. Furthermore, each of the
slits may include an aperture. The apertures may remain open after exposure to the tensioning
force applied during the medical application. In another embodiment, the slits are disposed from
the first side to the second side of the sheet substantially along the second axis. The slits may be
disposed equidistant from one another substantially along the second axis.

[0037] In one embodiment of the foregoing aspects of the invention, the non-synthetic
material wraps around at least a portion of the sheet. The non-synthetic material can be wrapped
completely about at least a portion of the sheet. The non-synthetic material may be free floating

about the sheet. In another embodiment, the non-synthetic material is disposed adjacent to at
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least a portion of one of a top surface and a bottom surface of the sheet. In yet another
embodiment, the non-synthetic material is disposed adjacent to at least a portion of both the top

surface and the bottom surface of the sheet. In yet another embodiment, the non-synthetic

material may be attached to the sheet by at least one of glue, a suture, a staple, a rivet, an eyelet
rivet, a fastener, a clip, and combinations thereof.

[0038] In various embodiments of the foregoing aspects of the invention, the sling further
includes a second non-synthetic material disposed adjacent to the sheet and opposite the first
non-synthetic material. In another embodiment, the non-synthetic material permits tissue in-
growth therein when the sling is implanted in a body of a patient. The synthetic material may
include a material selected from the group consisting of nylon, polyethylene, polyester,
polypropylene, fluoropolymers, and combinations thereof.

[0039]  In one embodiment, the non-synthetic material is disposed adjacent to a urethra when
placed within a body of a patient. Additionally, the non-synthetic material can extend to each
side of an endopelvic fascia when placed within a body of a patient. In various embodiments, the
non-synthetic material is about 4 ¢cm to about 10 cm in length along the first axis of the sheet.
Alternatively, the non-synthetic material is about 5 cm to about 9 cm in length along the first axis
of the sheet. Alternatively, the non-synthetic material is about 7 cm in length along the first axis
of the sheet.

[0040} In various embodiments, the non-synthetic material is selected from the group
consisting of bovine, porcine, ovine, equine, human cadaveric, and tissue-engineered tissues. In
one embodiment, the non-synthetic material includes an acellular matrix processed from human
skin. The non-synthetic material may be capable of remodeling into a healthy layer of tissue.
[0041] In other embodiments of the foregoing aspects, at least a portion of at least one of the
first side and the second side may be tanged. Furthermore, at least a portion of at least one of the
first side and the second side may be non-tanged. In various embodiments, the sheet includes a
propylene mesh. Furthermore, the sheet may include fibers selected from the group consisting of
colored, radiopaque, and combinations thereof. Moreover, the sheet may be of a type selected
from the group consisting of woven, knitted, felted, non-woven and combinations thereof. In
addition, the sheet may have a substantially rectangular shape. In another embodiment the sheet

includes a coating. The coating may include a pharmaceutical for delivery to a patient when the

sling is implanted in a body of the patient.
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[0042] | In another embodiment, the sling further includes a second sheet including a synthetic
material including a first end portion and a second end portion, the second end portion disposed
opposite and away from the first end portion along a first axis of the second sheet and a first side
and a second side, the second side disposed opposite and away from the first side by a distance
and along a second axis of the second sheet that is substantially perpendicular to the first axis and

that intersects the first axis of the second sheet at substantially the midpoint of the first axis of

the second sheet. The non-synthetic material may be positioned between the first end of the first
sheet and the second end of the second sheet. Furthermore, the non-synthetic material may be
attached to the first sheet and the second sheet by at least one of glue, a suture, a staple, a rivet,
an eyelet rivet, a fastener, a clip, and combinations thereof.

[0043] In another aspect, the invention relates to a method of making a sling, including
providing a sheet suitable for a medical application, the sheet including a synthetic material and
including a first end portion and a second end portion, the second end portion disposed opposite
and away from the first end portion along a first axis, the sheet also including a first side and a
second side, the second side disposed opposite and away from the first side by a distance and
along a second axis that is substantially perpendicular to the first axis, and that intersects the first
axis at substantially the midpoint of the first axis. The method further includes positioning a
nqn~synthetic material adjacent to at least a portion of the sheet, wherein the\ non-synthetic

material is wrapped around at least a portion of the sheet.

[0044] In another aspect, the invention relates to a method of making a sling, including

providing a sheet suitable for a medical application, the sheet including a synthetic material and
including a first end portion and a second end portion, the second end portion disposed opposite

and away from the first end portion along a first axis, the sheet also including a first side and a
second side, the second side disposed opposite and away from the first side by a distance and
along a second axis that is substantially perpendicular to the first axis, and that intersects the first
axis at substantially the midpoint of the first axis. The method further includes attaching a non-
synthetic material to the sheet by at least one of glue, a suture, a staple, a rivet, an eyelet rivet, a

fastener, a clip, and combinations thereof.

[0045] In yet another aspect, the invention relates to a method of making a sling, including
providing a sheet suitable for a medical application, the sheet including a synthetic material and
including a first end portion and a second end portion, the second end portion disposed opposite

and away from the first end portion along a first axis, the sheet also including a first side and a
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second side, the second side disposed opposite and away from the first side by a distance and
along a second axis that is substantially perpendicular to the first axis, and that intersects the first
axi1s at substantially the midpoint of the first axis. The method further includes positioning a
non-synthetic material adjacent to the sheet and disposing at least one or more slits in the non-
synthetic material substantially along at least a portion of the second axis.
[0046] In any of the embodiments of the aspects of the invention above, the sling may be
encased wholly or partly within a protective sleeve. The sling may be free-floating within the
sleeve or fastened to the sleeve at one or more points. The sleeve may aid in easing implantation
of the sling and may protect the sling during implantation. The sleeve may be removed
according to various methods once the sling has been implanted.
[0047] These and other objects, along with advantages and features of the present invention,
will become apparent through reference to the following description, the accompanying
drawings, and the claims. Furthermore, it is to be understood that the features of the various
embodiments described herein are not mutually exclusive and can exist in various combinations
and permutations.

BRIEF DESCRIPTION OF THE DRAWINGS
[0048] In the drawings, like reference characters generally refer to the same parts throughout
the different views. Also, the drawings are not necessarily to scale, emphasis generally being
placed upon 1illustrating the principles of the invention. In the following description, various
embodiments of the present invention are described with reference to the following drawings, in

which:

e FIG. 1 illustrates a plan view of one embodiment of a sling according to the
Invention;

e FIG. 2 1llustrates a plan view of another embodiment of a substantially rectangular
shaped embodiment of a sling in accordance with the invention;

e FIG. 3 1llustrates a plan view of another embodiment of a substantially rectangular

shaped sling in accordance with the invention;

o FIG. 4 illustrates a plan view of another embodiment of a rectangular shaped sling in

accordance with the invention;

e FIG. 5 illustrates a plan view of another embodiment of a rectangular shaped sling in

accordance with the invention;
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e FIG. 6A illustrates a plan view of another embodiment of a sling including two pairs
of elongated members extending from a central portion of the sling in accordance with

the invention;

o FIG. 6B illustrates a ];;lan view of another embodiment of a sling including two pairs
of elongated members extending from a central portion of the sling in accordance with
the invention;

o FIG. 7A illustrates a plan view of another embodiment of a sling including elongated
end members extending from a central portion of the sling in accordance with the
invention;

o FIG. 7B illustrates a plan view of another embodiment of a sling including elongated
end members extending from a central portion of the sling in accordance with the
invention;

e FIG. 8A is a cross section of the female pelvis illustrating the location of a sling
similar to the sling of FIG. 4 relative to the urethra and the vagina and anchored to the
pubic bone;

e FIG. 8B is a cross section of the female pelvis illustrating the location of a sling
similar to the sling of FIG. 4 relative to the urethra and the vagina and anchored to fascial

urethra supports.

o FIG. 9A is a sagittal section of a female pelvis illustrating the location ot a sling
similar to the sling of FIG. 4 relative to the mid-urethra and distal urethra and anchored to
the inferior edge at the posterior aspect of the pubic bone;

e FIG. 9B is a sagittal section of a female pelvis illustrating the location of a sling
similar to the sling of FIG. 4 relative to the mid-urethra and distal urethra and anchored to
the pubic bone between the superior and the inferior edge on the posterior side of the
pubic bone;

o FIG. 9C is a sagittal section of a female pelvis illustrating the location of a sling
similar to the sling of FIG. 4 relative to the mid-urethra and distal urethra and anchored to
the pubic bone at the superior end of the pubic bone;

o FIG. 10 is a sagittal section of a female pelvis illustrating the location of the sling
similar to the sling of FIG. 3 relative to the bladderneck, sphincter (not shown), and the

urethra and anchored to the pubic bone;
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o FIG. 11A illustrates a partial perspective view of a sling in accordance with the
invention, where the non-synthetic material wraps around a portion of the synthetic mesh
material;

e FIG 11B illustrates a side view of the sling of FIG. 11A;

o FIG. 12A 1illustrates a partial perspective view of an alternative embodiment of a sling
in accordance with the invention, where the non-synthetic material is attached to the
surface of only one side of a portion of the synthetic mesh material;

o FIG. 12B 1illustrates a side view of the sling of FIG. 12A;

e FIG. 13A illustrates a partial perspective view of an alternative embodiment of a sling
in accordance with the invention, where the non-synthetic material is attached to the

surface of both sides of a portion of the synthetic mesh material,;

o FIG 13B illustrates a side view of the sling of FIG. 13A;

o FIG. 14 illustrates a partial perspective view of an alternative embodiment of a sling
in accordance with the invention, where both ends of the non-synthetic material are glued

to an end of each of two separate pieces of synthetic mesh material;

o FIG. 15 illustrates a partial perspective view of an alternative embodiment of a sling
in accordance with the invention, where both ends of the non-synthetic material are

sutured to an end of each of two separate pieces of synthetic mesh material;

o FIG. 16 1llustrates a partial perspective view of an alternative embodiment of a sling
in accordance with the invention, where both ends of the non-synthetic material are
stapled to an end of each of two separate pieces of synthetic mesh material;

e FIG. 17 illustrates a partial perspective view of an alternative embodiment of a sling

in accordance with the invention, where both ends of the non-synthetic material are
attached via an eyelet rivet to an end of each of two separate pieces of synthetic mesh
material;

o FIG. 18 1llustrates a partial perspective view of an alternative embodiment of a sling
in accordance with the invention, where both ends of the non-synthetic material are
attached via clips to an end of each of two separate pieces of synthetic mesh;

o FIG. 19A 1illustrates a partial perspective view of an alternative embodiment of a sling

in accordance with the invention, where the non-synthetic material wraps completely

around a portion of the mesh;

e FIG 19B illustrates a side view of the sling of FIG. 19A; and
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o TFIG. 20 illustrates a plan view of an alternative embodiment of a sling in accordance

with the invention, where the non-synthetic material includes slits.

DESCRIPTION

[0049]  Referring to FIG. 1, in one embodiment according to the invention, ashng 2 1s a
substantially rectangular sheet 6 made of one or more materials. Sheet 6 includes a first end
portion 14 at one end of the sheet 6 and a second end portion 24 at the opposite end of the sheet 6
along a first longitudinal axis 34. The sheet 6 also includes a first side 18 and a second side 28.
The second side 28 is disposed opposite the first side 18 alpng a second axis 38 that is
substantially perpendicular to the first longitudinal axis 34. The perpendicular axis 38
substantially bisects the longitudinal axis 34. The perpendijcular axis 38 extends the distance 150
from the first side 18 to the second side 28.

10050} Generally, the sizes and shapes of the mesh and the non-synthetic material comprising
the sling will vary to suit a particular embodiment. The sling 2 can be rectangular or
substantially rectangular in shape or the sling 2 can be an octagonal shape. In alternative
embodiments, the sling 2 has other shapes suitable to its intended placement location within the
body such as trapezoidal, hexagonal, or elliptical shapes. Exemplary shapes are described in
U.S. Patent No. 6,042,534. '

[0051]  The sheet 6 includes one or more cuts 10 disposed along at least a portion of the
length of the perpendicular axis 38. The cuts 10 are disposed such that the length of the
perpendicular axis 38 remains substantially constant following the application of tension applied
substantially along the longitudinal axis 34 of the sheet 6. Such tension may be applied, for
example, during implantation of the sling 2 in a patient. The cuts 10 can be, for example, shts or
alternatively apertures disposed through the full thickness of sheet 6. In some embodiments, the
cuts 10 may not extend through the entire thickness of the sheet 6. In a particular embodiment,
cuts 10 through the sheet 6 parallel the direction of high tensile strength of the synthetic sling
material may substantially maintain the strength of the synthetic matenal.

[0052] In one embodiment, the longitudinal axis 34 of the sheet 6 ranges from about 2.5 cm
to about 45 cm in length, and the perpendicular axis 38 ranges from about 1.0 cm to about 3.0
cm. The sheet is preferably 20 to 30 cm in length and 1 to 3 cm wide, though larger and smaller
slings are contemplated depending upon the size of the patient and the surface area of the body

part that requires support. The cuts 10 are disposed substantially parallel to the longitudinal axis
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34 and the cuts 10 range from about 0.5 cm to about 28 cm 1n length. In some embodiments, the
cuts 10 range from about 0.5 cm to about 1.5 cm 1n length. The thickness of the sheet 6 (not
depicted in the plan view of FIGS. 1, 2, 3, 4, 5, 6A, 6B, 7A, and 7B) can be uniform over the
entire piece of the sheet 6 or it can vary at one or more different locations of the sheet 6. The
thickness of a material from a mammalian source can range from about 0.01 inches to about 0.2
inches, but typically will be about 0.05 inches. The thickness of a material from a synthetic
source may range from about 0.01 inches to about 0.05 inches, but typically will be about 0.035
and a uniform thickness. The material construction may impact the material thickness such that,
for example, a weave may have thicker regions where the fibers intersect and the material
thickness may not be uniform.
[0053] In one embodiment, according to the invention, the sheet 6 may be made of non-
synthetic material(s), e.g., mammalian tissue(s), synthetic material(s), or a combination of non-
synthetic material(s), and synthetic material(s). One or more mammalian tissues including
porcine, ovine, bovine, equine, human cadaveric, or tissue-engineered tissue(s) may be employed
to make the sheet 6. The sheet 6 may be derived from omnidirectional tissue(s), tissues where
the material has equivalent tensile strength from any direction. Exemplary omnidirectional
materials include dermis and/or pericardium. Suitable materials for use in accordance with this
invention include a chemically processed acellular human dermis product that preserves,
undamaged, the bioactive structural dermal matrix and which is freeze-dried for storage, such as
AlloDerm® acellular tissue available form Lifecell (Branchburg, N.J.).
[0054] In one embodiment, the non-synthetic material is REPLIFORM® Tissue
Regeneration Matrix, commercially available from Boston Scientific Corporation (Natick, MA).
The matrix is human dermal allograft that, when placed within the body, serves as a template to
facilitate fibroblast mediated regeneration of normal soft tissue. The matrix is formed of banded
collagen fibers, elastin, proteoglycans, and vascular plexus. The REPLIFORM® Tissue
Regeneration Matrix may be from about 3 cm to about 20 cm in length. In one embodiment, the
REPLIFORM® Tissue Regeneration Matrix may be from about 5 cm to about 10 cm in length.
In a particular embodiment, the REPLIFORM® Tissue Regeneration Matrix may be about 7 cm
in length.
[0055]  Inanother embodiment, oriented mammal tissue(s), 1.€., tissues having a single

direction where the tensile strength of the tissue material is highest, including rectus fascia and/or
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facia lata may be used for the sheet 6. Suitable cleaned and sterilized oriented human tissue
materials may be obtained from tissue banks.
[0056] In one embodiment according to the invention, animal tissues may be selected from
tissues available from government regulated slaughter houses. Animal tissues may be
dehydrated with a dehydrating fluid, such as ethyl alcohol or the like, prior to treatment with
chemical cross-linking agents, to allow for improved penetration. The cross-linking agent cross-
links collagen in the tissues to make the tissue stronger and reduce the antigenicity of the tissue.
Other agents such as pepsin may also be used to further reduce antigenicity. In one embodiment
according to the invention, the tissues may be cross-linked by using one or more of the following
treatment agents: glutaraldehyde, dialdehyde, glutaraldehyde starch, dialdehyde starch, an epoxy
compound or ionizing radiation. Certain processes (such as heat, radiation or pH change) or
agents such as halogens, enzymes, organic solvents, detergents, sodium hydroxide, hydrochloric
acid, sodium hypochliorite or hydrogen peroxide) may be used to inactivate viruses with and
without protein coats during the manufacturing process. The tissue may also be treated with a
highly volatile chemical such as, for example, propylene oxide, to assist with the sterilization ot
the tissue. Sterilization may be accomplished using one or more of the following treatments:
glutaraldehyde, alcohol, propylene oxide or irradiation sterilization. The treatment of the tissue,
with a combination of these materials and processes, can both cross-link the tissue and render the
tissue sterile for implantation inside the body of a patient. Other processing techniques may be
suitable, as known in the art, including mechanical and chemical processing steps to attect
various characteristics of the tissue (i.e., acellularity, antigenicity, resorbability).
[0057] In another embodiment according to the invention, the synthetic sling material may be
a solid material, a weave, a braid, a mesh or an alternate material construction. The synthetic
material may be a polymer. Suitable polymer sources for the sling 2 may include nylon,
polyethylene, polyester, polypropylene, fluoropolymers or copolymers thereof. An exemplary
synthetic polyester material suitable for use in the sling 2 according to the invention is available
under the trade designation Dacron®, from E. I. du Pont de Nemours and Company (Wilmington,
Delaware). In another embodiment, suitable synthetic materials include the fluoropolymers
polytetrafluoroethylene (PTFE), which has non-melt processible characteristics, and fluorinated
ethylene propylene (FEP), which has melt-processible characteristics, both fluoropolymers are

available under the trade designation Teflon® from E. I. du Pont de Nemours and Company
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(Wilmington, Delaware). A suitable PTFE material of solid material construction is available
under the trade designation GORE-TEX®, from W. L. Gore & Associates, Inc. (Flagstaff, AZ).
[0058] In a particular embodiment, the synthetic sling material comprises mesh. The mesh
may have any of a number of knits, weaves, braids or non-wovens, such as those described 1n
U.S. Patent Nos. 5,569,273; 5,292,328; 5,002,551; 4,838,884; 4,655,221; 4,652,264, 4,633,873;
4,520,821 4,452,245, 4,347,847, 4,193,137, 5,124, 136; 3,054,406; and 2,671,444,

[0059] The mesh material may be fabricated from any of a number of biocompatible
materials such as nylon, polyethylene, polyester, polypropylene, fluoropolymers, copolymers
thereof, combinations thereof, or other suitable synthetic material(s). The material may be, for
example, a synthetic material that is absorbable by the patient’s body. Suitable absorbable
synthetic materials include polyglycolic acid, polylactic acid, and other suitable absorbable
synthetic materials. The mesh material may be fabricated from one or more yarns, which yarns
may be made from one or more materials. The mesh may be produced according to numerous
fabrication processes, and may be designed to permit rapid tissue revascularization and fissue in-
growth by having large interstitial spaces. For example, each yarn of the mesh may have void
areas between yarn filaments and the fabrication process may create crevices. An exemplary
weave is a tricot knit with two yarns per needle. In a preferred embodiment, the mesh is
composed of polypropylene monofilament yarné.

[0060] In yet another embodiment, absorbable synthetic materials may be suitable for a sling
2 1n accordance with the invention. ¥or example, polyglycolic acid (PGA), polylactic acid
(PLA), and other available absorbable synthetic materials may be suitable. A PGA material that
may be suitable for use in sling 2 is available under the trade designation Dexon®, from
American Cyanamid Company (Wayne, NJ). Other suitable polymeric and non-polymeric
synthetic materials may be employed in accordance with the invention.

[0061] In another embodiment, combinations of synthetic materials and mammalian tissues
may also be used according to the invention. These combinations may include material having a
combination of parts, including, for example, parts made of synthetic polymers and parts made of
processed animal tissues. Such combinations also include materials that have both synthetic
polymers and animal cells that are treated so as to cross-link the collagen or other commonly

antigenic fibers in the animal cells.
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[0062] Tangs (i.e., sharp projections or frayed edges) often form along any edge of the
material forming the sling when the material is cut, chopped, torn, frayed or otherwise
manufactured. It has been observed that some tangs may be advant<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>