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Elastic Tissue Renforcing Fastener

[0001] The device described heren 1s an wmplantable suture device that provides sufficient

retention in tissue, while also providing elasticity and axial stretch.

Backoround

[0002] Sutures having fixed points of attachment to tissue, such as retamers {or “barbs™), do
not typically enable tissue to stretch. Such self~retaining sutures are secured into the tissue by
embedding the retainers into a portion of the tissue, thereby holding the suture along its
barbed length securely in tissue. While this may be acceptable for many surgical
applications, as the retainers maintain the suture in its implanted position without the need for
additional anchors, it may not be preferable for certain applications. In some procedures, the
implanted suture could benefit from the ability to stretch along the length of the suture. Such
procedures include, for example, those used to retain surgical mesh in place | sutuning of
sphincters or other bodily onifices that functionally expand and contract, and in applications
where the sutured tissue 1s expected to grow (¢.g., when used in patients who are not fully
Lrown).

100031 While self-retaining sutures themselves are known, present sutures are lunited. The
main application for sutures, such as barbed sutures, currently is to approxamate and close
tissue gaps, where the gap 1s intended to remain closed and there 1s Iittle desire to stretch and
move. This is the precise reason that many self-retaining sutures are not intended to “give”
pader low stregses (such as less than about 0.5 b}, If the suture does give under this fevel of
stress, it would be considered by many to be a fatllure and may not achieve its intended

purpose. This is especially true when used in closing a surgical wound for healing.  Although
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there are varnous designs known, none has demonstrated the ability to elongate at a
significant displacement (greater than 5 mm) under non-catastrophic stresses and return to 1t
original state when stresses are removed. There 15 a need for sutures, including self-retaining
sutures, to allow for stretching and flexibility after implantation.

Summary

10004] In one aspect, the present invention may include a tissue fastener having fixed points
of tissue attachment including a first elongate elastic component; and a second elongate
component having one or more elongate sections each adjacent section delineated by at least
one frangible point; where each elongate section has one or more tissue anchoring clements,
and the elasticity of the first elongate component is greater than that of the second clongats
component.

[0005] The present invention also ncludes a method of applying the aforementioned tissue
fastener to tissue repair in surgical procedures associated with any of the following: prolapsed
pelvic floor, sphincters, gastroesophageal reflux disease (GERD), fundoplication, fecal
mcontinence, lung volume reduction, myocardial tissue stress reduction, or any tubular
structure required reinforcement where the tubular structure may need to open elastically for
bodily function.

[0006] In another aspect of the invention, there 1s a fissue fastener having fixed points of
tissuc attachment including: a first elongate clastic component and a second clongate clastic
component; a third elongate component having one or more elongate sections adjacent to
cach other, cach elongate section being disposed between the first and second elongate elastic
coraponent; where each clongate section has onc or more tissue anchoring elements, and the
clasticity of each of the elastic elongate components is greater than that of the third elongate

component.
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10007] There are also provided methods of making and using the tissug fastener described
herein.

Brief Description of the Fisures

[0008] Figure | depicts one embodiment of a composite suture device includmg a braided

outer sheath.

10009 Figure 2 depicts a close up view of the retainer segments of a suture ¢ore.

[0010] Figure 3 depicts an embodiment of an elastic film sheath.

[0011] Figure 4 depicts a composite suture device mcluding a film sheath.

10012] Figure 5 is a close up view of a section of the device of Figure 4.

[0013] Figure 6 depicts an alternate design where the device mchudes spaced barbed
SCZIMCHTS.

[0014] Figure 7 depicts an embodiment where clongate elastic components are fixed to one
another through openings in a non-extendible tissue engaging component,

[0015] Figure 8 depicts an embodiment where segments of clongate clastic components are

bridging a non-extensible tissue engaging soction.

Detailed Description

[0016] As used herein, the term “suture” will refer generally o a tissue fastening device that
meludes an clongated thread or wire used to treat or repair tissue.  Sutures may be
monofilament or multifilament, and may have any desired length, Suture strands may have
any cross sectional configuration, including triangular, circular, square, or other shape, and
have a central axis running from first end to second end. Unidirectional sutures are those that
mclude an nsertion device {e.g.. a needle or pointed end) at one end of the suture, and are
mtended to be mmplanted by inserting the insertion device into tissue and pulling the suture a

desired length. The umdirectional suture may have an end effector or other anchoring device
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at its opposite end, designed to stop the movement of the suture through tissue. Bidirectional
sotures are those that mnclude an imsertion device at cach end of the subire, and can be
mplanted 10 erther or both ends by inserting the imsertion devices through tissue.
Multidirectional sutures may mchude any mumber of suture strands emanating from a central
point, and may include, for example, three or more sutures, each with free insertion ends
{which may have msertion devices thereon). Unless used otherwise, the term “suture” may
refer to any of the aforementioned types of sutures.

10017] Self-Retaining sutures are those that inclade retainers on or along at least a portion of
the axial length, where the retamners are sized sand shaped to engage a portion of tissue during
and after insertion, holding the suture in place in tissuc. For example, self-retaining sutures
may have a series of barbs or pointed features along a portion of the axial length, such as
described m U.S. Patent No. 6,848,152, the entire contents of which are incorporated by
reference herein. Retamers (or barbs) may be formed by cutting into the suture body, or may
be disposed on the outer surface of the suture. Retainers may lie flat until a force extends the
poinded end of the retainer cut, or retainers may extend outward from the suture body in the
absence of force. Retainers should be configured so as to allow for the suture to be pulled
through tissue 1 a first direction, but once implanted, resist movement in a second, opposite
direction.  Other non-limiting exemplary seif-retamning suture configurations mclude those
described in U.S. Patent Publication No. 2005/0267531 and m U.S. Patent No. §,793,332,
each of which are incorporated by reference herein in their entireties.

[0018] Sutures, including self-retaining sutures, are generally made from materials that are
flexible and capable of bemng bent and curved by a user during implantation.  Swuitable
materiais are described i further detail below. However, as can be understood by those of
skill in the art, when self-retaining sutures are implanted, the ability of the suture to flex and

expand s limited due to the tissue engagement by retainers, and in many instances, the suture
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{and therefore the tissue into which the soture is implanted} is restricted from being flexed or
expanded after implantation.

[0019] Despite the benefit of a self-retaining suture to be secured effectively i tissue, the
ability for a surgical fastener to expand. stretch and recover is critical to some surgical
proceduores for tissue repair and/or reinforcement. Non-hmiting diseases such as pelvie floor
prolapse, gastroesophageal reflux disease (GERD), and fecal imcontinence (F1) involve the
loss of elasticity of tissucs due to one reason or another therefore lost their functionalitics.
The standard of care for pelvic floor repair surgery invoives the use of a mesh implant, which
may result in ingrowth of scar tissue that has minimum elasticity. On the other hand, the
surgery for either GERD or FI also does not restore the elasticity of tissue. In these and other
procedures, 1 would be usefidd to have a suture that, after implanted, has the ability to expand
and stretch, which therefore allows the tissue mto which 1t is implanted to expand and stretch.
[0020] Previous attempis to create an elastic seif-retaming suture have relied upon, for
example, the use of separately attached barbed rings secured to the suture strand or coiled
regions of suture material (U.5. 2009/024R8066), or an elastic core swrrounded by a coiled
non-¢lastic sheath (1.8, 2006/0121274). ¢ present invention seeks o provide a suture,
which may be a self-retaiming suture, which provides for tissuc fastening and attachment
while allowing for a natural degree of elasticity. As used herein, the term “elastic” refers to
the ability of the suture device to be axially expanded such that its expanded axial length s
greater than its axial length prior to expansion. An elastic suture is useful in repairing or
treating tissue that requures the tissue have some degree of elasticity after a suture is
implanted into the tissue. Pegrees of elasticity will be described in greater detail below.
[0021] The present embodiments described herein are usetul in that they are capable of
providing support or reinforcement to weakened tissues with tissue fastening devices having
fixed points of tissue attachment, while also allowing for a natural degree of elasticity.

5
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Examples of fasteners related to this invention include, for example, meshes or rigid (or semi-
rigid) stiffencrs, and self-retaining sutures. One embodiment of the invention is a composite
structure having a barbed core with clastic sheath as shown i Figure 1. The embodiment of
Figure 1 is beneficial in that it incorporaies a plurality of built-in frangible points within the
barbed core, which can be strategically severcd based on the need for tissue extension
between anchoring pomis. Frangible points are seen in greater detail, for example, m Figure
2.

10022] it may be usefud for the aforementioned configuration to include an elastic sheath
made from clastic matenal, such as a braided elasuc fiber(s) or an elastic film. Where an
clastic filon 1s used, the film may optionally have apertures to exposc the frangible points of
the barbed core for easy access and breaking. The elastic sheath remains over the corg,
allowing the retamners (barbs) of the core to engage tissue while the elastic sheath allows for
the fastener to elongate as needed. Since the elastic sheath remains intact, the suture device 1s
not severed, and it is capable of keeping a hold on the tissue into which it is implanted. That
is, only the desired points in the core are severed, but the outer body of the suture device is
kept intact. Thus allows for expansion and stretching of the suture device, smcee the mner core
portions are capable of being separated from each other at the frangible points.

10023] This embodiment will now be descnbed in greater detail, with reference to the
Figures.

Figure 1 depicts one embodiment of the present invention, which includes an inner core with
retainers and an outer sheath. The suture device 10 is 2 generally elongated deviece, having a
first end 20, a second end 30 and an elongated body 40, The device 10 may have any desired
cross section, and n some embodiments it may have a generally circular cross section, while
m other cmbodiments, it may be sguare or rectangular in cross section. The device 10

mcludes an outer sheath 50, which is seen as a braided component, but it may be understood
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that the sheath 50 can have alternative configurations, includimng a film. It is particulardy
desired that the sheath 50 be flexable and expandable in an maal direction. That 15, the sheath
50 should be capable of being stretched in a direction facing either or both of the first end 20
and/or second end 30, thereby increasing its axial length as measured from first end 20 to
second end 30 when stretched.

[0024] The degree of stretching and elasticity may vary dependmg upon the intended use and
the tissue into which the device is to be inseried.  In some embodiments, the degree of elastic
stretch (in the axial direction} under physiological conditions is about 20% or greater, for a
device having an axial length of at least 2.5 em. In some embodiments, the axial stretch may
be about 15% or greater, or may be about 30% or greater. The force required to cause axial
stretching may be from about 1 gram of force 1o about 10 grams of force, or up to about 20
grams of force. In some aspects, the “spring modulus” of the device may be greater than
about 2 g/cm, and may be greater than about 5 g/cm, and may be greater than about 10 g/em.
[0025] The device 10 includes a plurality of retainer segments 60, which are elongated and
housed within the sheath 30, In some embodiments, there may be two retainer segments 60,
m others there may be three or more retaimer segments 60, For example, one suture device 10
may have from about 5 {0 about 50 retainer segments 60, or about 40 retainer segments 60, or
about 30 retainer segments 60, or about 20 retainer segments 60. The retainer segment 60 has
an elongated segment body 65, with at least one retaimer 70 extending outward from the sides
of the segment body 65. Desirably, cach retainer segment 60 has at least two, or at least four
retainers 70 extending outward from the segment body 65. Each retaimer 70 may have a
pointed tip 75, or an alternative tissuc-engaging feature at its tip 75,

[0026] The segment body 65 1s substantiallv housed within the sheath 50, such that the
retainer segment 60 1s axially aligned with the sheath 50, forming a coaxial arrangement. At

least one retainer 70, and desirably each retainer 70 in the retainer segment 60 extends

)
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through the sheath 50, such that the tissug engaging tip 75 is exposed through the outer
circumference of the device 10. Each retainer 70 is aligned so that the tip 75 faces a direction
towards etther the first end 20 or the second end 30 of the device 10, which allows msertion
of the device 10 through tissue, but restricts movement of the device 10 in the opposite
direction after inserted into tissue. In a anidirectional device, each retainer 70 is aligned such
that each tip 75 faces i a direction opposite the insertion end (or needled end, 1f a needle is
secured to one end of the device 10). For a bidirectional device, cach end of the device (first
end 20, second end 30} is an insertion end, which may include a needle or other msertion
device. In such embodiments, there are two series of retamers 70, a first st of retainers
proximal to the first end 20, and a second set of retainers proximal to the second end 30, with
an intervening location between the first and second sets of retainers. The first set of
retainers is cach aligned such that cach tip 75 faces in a direction oppostte the first end 20.
Conversely, the second set of retainers is each aligned such that each tip 75 faces n a
direction opposite the sccond end 30. The intervening location may be free of retainers and
may be any size desired. The bidirectional device allows insertion by both the first end and
second end, while providing tissue retention due to the alignment of the first and second sets
of retainers.

100271 The retainers 70 should each be sutficiently flexible such that the retainers 70 can be
compressed towards the body 40 of the device when inserted nto tissue, allowing the device
10 1o be pulled through tissue without significant restriction or damage to the tissue. In some
embodiments, the retainers 70 Lie substantially flat during insertion, where the tips 75 are not
extended outward until and vuless force is acted thereon. In other embodiments, the tips 75
extend outward but are capable of being pushed towards the axial center of the suture body

during insertion.
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10028] As noted above, the device 10 includes at least two retainer segments 60 within the
sheath. Hach retainer scgment 60 13 secured to another retainer segment 60 at an end, where
the securement of retainer segments 60 is frangible, formung a frangible point 80, The
frangible points &0 are housed within the sheath 50, Figure 2 shows a possible configuration
for the retamer segments 60, where the sheath 50 has been removed. As can be seen, cach
retainer segment 60 has a segment body 65 with a plurality of retainers 70 extending outward
from the body 65. The retamer segments 60 arc in contact with at least one retainer segment
60 at a frangible point 80.

100297 Frangible point 80 may be formed through any desired means. As an example,
frangible point 80 can be created by a compression-dic after clongated segment body is made
through either extrusion or injection molding. The compression-die creates notches as
weaken points between retainer segments at a pre-deternmuned or desired length.  Or,
ajternatively, the frangible point can be created during molding process. Durnng surgical
procedure the frangible point can then be broken by stretching two sides of the selected
frangible point with graspers holding two sides.

[0030] The device 10 may include a needie or other insertion device (not shown) at either or
both of the first end 20 and/or second end 30, depending upon whether the device 1s a
wudirectional or bidirectional device. If an insertion device is included only at a first ¢nd 20,
the second end 30 may optionally mchude an anchor or other end effector to provide a means
to stop the device 10 from being pulled entirely through the tissue into which it is placed.
The end effector may be a knot, or a leop, or a bar, or a clip, or a bution, or any other device
having an increased size with respect to the circumference of the device 10, serving as an
anchor for the device 10,

[0031] In use, the device 10 may be bent or flexed to allow for insertion into tissue. Any or

all of the frangible points 8¢ may be broken, either prior to insertion or during insecrtion
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through tissue. When the frangible point 80 between any two retainer segments 60 is broken
or severed, the adjacent retainer segments 60 are free to be axially separated from each other.
Since the sheath 350 is expandable and stretchable i an axial direction, expansion of the
sheath axially separates the retainer segments 60 from cach other, thereby increasing the
overall axial length of the device 10 as measured from first end 20 to second end 30. Ascan
be appreciated, as more frangible pomnts 80 are severed, the ability of the device 10 to stretch
axially is increased, since more retainer segments 60 are movable with respect to each other.

As more retainer segment

72

60 arc separated from each other, the sheath 50 is able to more
freely stretch axaally without hindrance or restriction.

100321 Since the device 10 is capable of being axially stretched, while still being held m
place within tissue (by the retainers 70}, the device 10 can effectively hold tissue together
while allowimng flexability and stretching if necessary. For tissue that is required to expand
and contract for bodily function, the present device 10 allows for fissue security and
expansion.  This ability to cxpand and contract while holding tissue together is an
improvement over prior devices which are effective at holding tissue together, but are not or
are less effective in allowing stretching of tissue afier implantation.

100331 Each retainer segment may be anv desired size and have any number of retainers 70
thereon. In some embodiments, the retainer segments each include the same number of
retainers, and in other embodiments, retainer segments may have different aumbers of
retainers. In some embodiments, one segment 60 will include at least three retainers 70
spaced arcund the body 63, or may inchude at least five retainers 70 spaced around the body.
Retainers may be located in a linear fashion along the axis of the suture, or may be randomly
spaced about the body 65,

[0034] Each retainer 70 may be sized and shaped for the intended purpose, and with
consideration of the tissue into which it is to be inserted. Retainers may have a size of from

10
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about 8.0017 to about £.0047, ag measured from the base to tip 75, where the base is defined
as the mtersection of the underside of the retamer and the retainer segment body. The size of
retainer 70 may vary, and will depend on the desired shape and method of forming the
retainer.  With minimum of about 0.0017 can ensure the engagement of tip75 with tissue.
The sheath may have any desired axial size, and may have any desired cross-sectional sizing
and shape. A sheath may have an axial length of from about 17 to as long as about 187, and
in embodiments where a sheath has a circular cross~-section, the sheath may have a cross-
sectional diameter of abowt 0.0047, as measwred from the mtemal side walls across a
diameter. The cross-sectional diameter of the sheath, as measured from the outer surface
across its diameter to the opposing outer surface may be from about 0.004” to 0.018” or
longer as desired. It is desired that the sheath have an axial length that is at least as long as or
longer than the length of the retainer scgments to be used as measured from end-to-end. The
retamer segments shounld be housed within the sheath 1o this configuration.

100351 The sheath may be sized and shaped to provide a desired overall length of the suture
device. The overall length of the suture device, ncluding sheath and retamer segments, may
be from about 17 to 187 or longer as desired, as measured from first end 20 1o second end 30.
The deviee may include a plurality of rotainers, and may include a plurality of retamer
segments, ¢ach with a frangible point separating adjacent retainer segments.

[0036] Figure 3 depicts an alternate embodiment of a sheath useful in the present mvention.
As depicted i Figure 3, the sheath may be a film-like material, as opposed to a brarded
configuration as described above. The sheath 100 is a generally elongated device, having a
first end 110 and second end 120, with body 130 extending axially therebetween. The body
130 of the sheath 100 includes a plurality of openings 140 along its length, which are
mdividually sized and shaped to allow for a retainer to extend through the opening 140, The

sheath 100 has an open nterior 150 extending from first end 110 to second end 120, which is
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shaped and sized to house a core. The cross-section of the sheath 100 may be circular, as
shown in the Figure, but may be square, rectangular, diamond, oval, or any other desired
shape.

10037] The sheath 100 15 desirably made from an expandable and stretchable material, where
the sheath 100 can extend awially between the first end 110 and second end 120, thereby
mereasing s axial length when stretched. It 1s desirable that the sheath 100 be flexble,
allowing bending of the sheath 100 during use. Suitable materials for the sheath 100 include,
for example, sificone or polyurethane, or other similar biocompatible and clastic materials,
mcluding thermoplastic elastomers, such as TEQ, SEBS, TPV, TPU, COPE, PEBA, and
mixtures thercof.  Suitable materials for the retainer segments 70 include, for example,
olefins (such as LDPE, HDPE, LLDPE, UHMPE, PP), nylons, PVDF, PGA, PLA, PLGA,
PDS, and combinations of such materials.

[0038] Figure 4 depicts a self-retaming suture device 160, which is a composite device
mcluding the sheath 100 of Figure 3 with a plurality of retainer segments 60 housed within
the open interior 150, As can be seen, the sheath 100 includes retainer segments 60 within #is
mterior 150, where the retamers 70 extend outwardly through the openings 140 in the body
130. It is desired that only onc retamer 70 extend through cach opening 140 1n the sheath
body 130, and that the retammer 70 be snugly it within the opening 140, The number of
openings 140 in the sheath body 130 should be equal to the number of retamers 70 to be
meluded 1n the device 160, This configuration can best be seen 1n Figure 3, which is a close-
up of one segment of the composite suture device 160, As can be seen, the retainers 70 face
with thetr respective tips 75 facing the second end 120. Therefore, in this Figure, the first end
110 15 the insertion end, and may include an imsertion device, such as a needle, secured
thereto to allow penctration into and through tissue. The second end 120 may optionally

inchade an anchor or end effector, as described above.
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10039] Figures 4 and 5 show the sheath 100 including openings 140 aligned with the
frangible points 80 between adjacent retainer scgments 60, The sheath 100 may include
openings 140 or fenestrations aligned with frangible points 80, so that a user can more clearly
determine the breaking point between retainer segments 60, but these openings 140 are not
required in the final device 160, That 1s, the composite device 160 may only include
openings 140 aligned with retainers 70, such that the retamers 70 can extend through the
sheath 100, and there may be no openings 140 at the frangible points 80, The sheath 100 may
optionally mehude markings or other indicia aligned with frangible points 80 to allow a user
to gquickly determine where the frangible points 80 are located. Altematively, there may be
no marking or other feature to allow a user to determine the location of frangible points 80,
and a user may simply exert force where desired to sever or break the nearest frangible point
or points 80. For example, a user may bend the suture device 160 where desired to sever a
frangible point 80, or may pull on the device 160 axially in one or both directions to break
frangible pownt{s) 80. Breaking of frangible points 80 may occur before implantation in
fissue or after implantation in tissue, or alternatively, during wmplantation of the device 160.
[0040] As described above, with a frangible point 80 broken, adjacent retainer segments 60
arc capable of being moved axially away from each other, thereby freeing the ability of the
sheath 100 to expand axially. As the sheath 100 expands axially. a first retamer segment 60
{and its associated retainers 70} is capable of being moved in the expanded direction,
separating itsclf from the adjacent retainer segment 60, Thas allows the overall device 160 to
merease its axial length while maintaining the retainers 70 in the required position to engage
tissue.

[0041] The deviee descnbed above may be made through anv desired manufacturing
methods. In one embodiment, the device may be made by a two-stage injection molding

process. The first stage forms the core. which mclades the plurality of retainer segments 70,

i
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by injecting a biocompatible and desired material into a mold or cavity. The frangible points
80 may be inchided in the mold, thereby allowing the injection molded device to include the
retamer segments 70 and frangible points 80 i the same molded product.  In another
embodiment, the device may be made by a first step of first extruding the clongated retainer
segment and then a second step to create the retainer(s) 70 and frangible point{s) 30, followed
by a third step of extruding or molding or braiding over with an elastic sheath.

[0042] In use, a user may sclect a suitable composite device, which includes the elastic
sheath with retamers therein, each retainer being adjoined to an adjacent retamner by a
frangible point, as described above. The device may include a needled end or needled ends.
The user may break one or more frangible pounds prior to insertion into tissue, or may break
frangible points after insertion into tissue. As descnbed above, breakage of frangible points
may be achieved by subjecting the space between adjacent retainer segmenis to force
sufficient {o separate the segments. Force may be achieved by pulling the device axually, or
by bending the device at the desired location or locations to cause site spectfic breaking. In
embodiments where the user breaks one or more frangible points prior to msertion, the user
will break the desired number of frangible points, and then proceed to masert the device into
tissue by inserting the first end (insertion end) into tissuc to a desired length. The user may
then msert the device into another region of tissue, continuing to insert the device repeatedly
until suturing s complete.  As the device is inserted, the tssue refainers engage tissue,
holding the device n place in the tissue mto which it is implanted. In some embodiments,
such as those described with respect to Figure 6 below, the device may already include
separated retainer segments, which do not need to be broken to separate the retainer
segments,

100431 Once suturing is complete, the retainers continue 1o hold that retainer segment and

therefore the associated region of the suturc sheath, in place. When tissue is allowed to
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stretch or move, the sheath at the region of stretching also stretches, causing separation
between adjacent retainer segments, which have already been broken at the frangible point
therebetween. The ability of the sheath to stretch at broken pomts allows tissue to expand
and contract, while stil remaining held in tissue by the retainers.

[0044] Non-limiting suitable tissuss into which the device may be implanted include, for
example, those tissues associated with repair in surgical procedures associated with any of the
following: prolapsed pelvic floor, sphincters, gastrocsophageal refhux discase (GERD),
fundoplication, fecal incontinence, lung volume reduction, myocardial tissue stregs reduction,
or any tubular structure required reinforcement where the tubular structure may need to open
clastically for bodily function. In addition, sutures of the present invention are useful for
implantation into individuals who have not yet fully grown, including children.

[0045] Figure 6 depicts an alternate configuration of the designs described above, where the
retainer segments 70 are separated by spaced-apart segments 85, mstead of frangible points.
Such a configuration is uscful in situations where a user would need a readv-made device,
with retamer segments already broken and separated. Thus, in the embodiment described in
Figure 6, the device is capable of being axially stretched without the need for breaking
anvthing holding retainer scgments together. The illustration in Figure 6 shows an opening
where one may visually see the spaced apart sections 85, but it is understood that openings
arc not necessary and i some instances, may be undesired.

[0046] In an alternate embodiment, as seen m Figure 7, a device 200 1s made with a first
clongate elastic component 210 and a second clongate elastic component 220 sandwiching a
non-extendible tissue congaging component 230,  The non-extendible tissue engaging
component 230 may mclude at least two outwardly extending retainers 233, which include a
fissuc engaging element, such as a pomted end. The sandwiching may be made through a

series of openings 240 in the tissue engaging component 230 and msertion posts 250

i
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extending from the first elongate elastic component 218, Second elongate elastic component
220 may melude a series of receiving bores or other attachment sites (not shown) mto which
the mmsertion posts 250 may be secured. The device includes a plurality of sandwiched non-
extensible tissue engaging components 230, which are secured to an adjacent sandwiched
non-extensible tissue engaging component 230 via a frangible point as previously described.
Selected or all adjacent non-extensible tissue engagmg components 230 may be separated
from cach other by breaking frangible points during use or aficr implantation, as explained
above.

[0047] Figure 8 shows an alternate embodiment similar {o Figure 7, with the difference being
that adjacent non-cxtensible sections 230 are separated from cach other by an open space or
gap 250 before the first and second clastic components 210, 220 are secured thercto. The
first and/or second elastic components 210, 220 may be made of a plurality of individual
sections along the axial length of the device 200, or may each mdividually be a continuous
length extending along the full axial length of the device 200 from proximal end to distal end.
10048] The embodiments set forth in Figures 7 and 8 are beneficial in that it is casier 1o set
the mitial pomt with zero force. In the embodiment of Figure 7, before any frangible sections
are broken, there is little to no elastic force applving to the target site. Further, it is capable to
have variable force setting.  That is, the elastic forces depend upon how many frangible
sections are broken, giving flexibility for different patient or use requirements.

[0049] Figures 7 and 8 are infended to depict interconnected, continuous elongate elastic
compeonents. It is to be vodersiood that, for dlustrative purposes, a removed segment of the
clongate clastic components (210, 220} is shown. In actual use, the series of elongate elastic

components 210, 220 are preferably continuous, and not removed in segments.
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What is claimed is;
L. A tissue fastener having fixed points of tissue attachment comprising:

(1) a tirst clongate elastic component;

(11} a second clongate component having one or more ¢longate sections each
adjacent section dehineated by at least one frangible point;

wherein each elongate section has one or more tissue anchoring clements, and the

clasticity of the first clongate component is greater than that ot the second elongate

component.
2. The fastener of claim 1 wherein said first elongate component is generally eylindrical

1 shape, and has an open interior section extending along its central axis from a first end to a

second end.

3. The fastener of claim 1, further comprising an nsertion device at said first end.

4, ¢ fastener of claim 1, further comprising an anchoring device at said second end.
5. The fastener of claim 1, further comprising an nsertion device at said second end.
6. The fastener of claim 1, wherein said second clongate component is disposed within

said open interior section of said first elongate elastic component.
7. The fastener of claim 6, wherein cach of said tissue anchoring clements extends
through the first elastic component such that at least a portion of said tissue anchoring
element is exposed on an outer surface of said tissue fastener,
3. ¢ fastener of claim 7, wherein each of said tissue anchoring clements has a pointed
tip, and sach tissuc anchorning element is aligned such that each pointed tip facesina
direction opposite said first end.
9. The fastener of claim 1, wherein said first elongate clastic component comprises a
material sclected from the group consisting of’ silicone, polvurcthane, TEQ, SEBS, TPV,
TPU, COPE, PEBA, and mixtures thereof.

17
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10. The fastener of claim 1, wherein said one or more elongate sections each comprise a
material selected from the group consisting of! LDPE, HDPE, LLDPE, UHMPE, PP}, nvlons,

PVDEF, PGA, PLA, PLGA, PDS, and muxtures thercof.

11 The fastener of claim 1, wherein said first clongate elastic component is a braided
sheath.

12 ¢ fastener of claim 1, wherein said first elongate elastic component is an elastic
film.

13 The fastener of claim 12, wherein said elastic film comprises a plurality of apertures

extending through its side walls for receiving said one or more tissue engaging elements,

14. The fastener of claim 1, wherein said first elongate clastic component and said second
slongate component have approximately the same axial length in the absence of axial force
enacted thereon.

15, A method of applying the fastener of claim 1 to tissue repair in surgical procedures
associated with a medical issue selected from the group consisting of’ prolapsed pelvic floor,
sphincters, gastroesophageal reflux disease {(GERD), fundoplication, fecal incontingnce, hung
volume reduction, myocardial tissue stress reduction, or any tubular structure required

reinforcement where the tubular structure may need to open elastically for bodily function.

16, A tissue fastener having fixed points of tissuc attachment compriging:
1) a first elongate elastic component and a second clongate elastic component;

(i) a third clongate component having one or more elongate sections adjacent to
cach other, each elongate section being disposed between said first and second elongate
clastic component;

wherein each clongate section has one or more tissue anchoring elements, and the
clasticity of each of the clastic clongate components is greater than that of the third clongate

component.
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17. The tissue fastener of claim 16, wherein at least two of the elongate sections are
secured to each other by a frangible component.

8. The tissue fastener of claim 16, wherein at feast two clongate sections are separated

from cach other by a gap.

19



WO 2017/139132 PCT/US2017/015761

A '
CT 00 TT ¢ 0T T T T B
! /50
100
FIG. 3
120 70 7570 70 110
Qj@j@j@j@jé:o:owewejejo:@w
5* 150
/ by 80 80
160

FIG. 4



WO 2017/139132 PCT/US2017/015761

\\“? i0
FIG. 5 130
d\N \JGD el e Tl g el e Tend e g el Thed NGD ed E'
% \
110 130
FIG. 6
200
220 .
230 ‘
238
e,
ey L]
Tend
240
e e 220
L "]
irW@“ﬁﬂ:\ 220
N 210



INTERNATIONAL SEARCH REPORT

International application No

PCT/US2017/015761

A. CLASSIFICATION OF SUBJECT MATTER

INV. A61B17/06 A61B17/00
ADD.

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

A61B

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

EPO-Internal, WPI Data

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™ | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X EP O 664 198 Al (UNITED STATES SURGICAL 1-5,
CORP [US]) 26 July 1995 (1995-07-26) 9-12,14
A figures 1, 2, 6, 7 8,16,17
page 6, line 51 - page 7, line 29
page 9, line 17 - line 19
A US 2008/312688 Al (NAWROCKI JESSE G [US] 1,2,6-8,
ET AL) 18 December 2008 (2008-12-18) 11,13,16
figure 5
paragraph [0028] - paragraph [0030]
A US 20137226233 Al (D AGOSTINO WILLIAM L 1,3,5,8,
[US] ET AL) 29 August 2013 (2013-08-29) 16,17
figure 7
paragraph [0130]
_/ -

See patent family annex.

Further documents are listed in the continuation of Box C.

* Special categories of cited documents : . . . . L
"T" later document published after the international filing date or priority

date and not in conflict with the application but cited to understand

"A" document defining the general state of the art which is not considered the principle or theory underlying the invention

to be of particular relevance

"E" earlier application or patent but published on or after the international

- "X" document of particular relevance; the claimed invention cannot be
filing date

considered novel or cannot be considered to involve an inventive

"L" document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

"O" document referring to an oral disclosure, use, exhibition or other
means

"P" document published prior to the international filing date but later than
the priority date claimed

step when the document is taken alone

"Y" document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

"&" document member of the same patent family

Date of the actual completion of the international search

5 April 2017

Date of mailing of the international search report

03/05/2017

Name and mailing address of the ISA/

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040,

Fax: (+31-70) 340-3016

Authorized officer

Etienne, Nicolas

Form PCT/ISA/210 (second sheet) (April 2005)

page 1 of 2




INTERNATIONAL SEARCH REPORT

International application No

PCT/US2017/015761

C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

Category™ | Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

A WO 2015/171962 Al (BRACY BART [US])
12 November 2015 (2015-11-12)
figure 9

paragraph [0054]
paragraph [0067]

Form PCT/ISA/210 (continuation of second sheet) (April 2005)

page 2 of 2




International application No.
INTERNATIONAL SEARCH REPORT PCT/US2017/015761
Box No.ll Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. Claims Nos.:

because they relate to subject matter not required to be searched by this Authority, namely:

see FURTHER INFORMATION sheet PCT/ISA/210

2. I:' Claims Nos.:
because they relate to parts of the international application that do not comply with the prescribed requirements to such
an extent that no meaningful international search can be carried out, specifically:

3. |:| Claims Nos.:
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. lll Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

-

As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

2. I:' As all searchable claims could be searched without effort justifying an additional fees, this Authority did not invite payment of
additional fees.

3. As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4. |:| No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

Remark on Protest The additional search fees were accompanied by the applicant's protest and, where applicable, the
payment of a protest fee.

The additional search fees were accompanied by the applicant's protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

I:' No protest accompanied the payment of additional search fees.

Form PCT/ISA/210 (continuation of first sheet (2)) (April 2005)




International Application No. PCT/ US2017/ 015761

FURTHER INFORMATION CONTINUED FROM PCT/ISA/ 210

Continuation of Box II.1

Claims Nos.: 15

Pursuant to Article 17(2)(a)(i) PCT, this Authority is not required to
search the subject-matter of claim 15, since the method of applying a
fastener as defined therein is a method for treatment of the human or
animal body by surgery (Rule 39.1(iv) and Rule 43bis PCT). Indeed, the
claim recites that the method is used to repair tissue in surgical
procedures.




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/US2017/015761
Patent document Publication Patent family Publication
cited in search report date member(s) date
EP 0664198 Al 26-07-1995 CA 2117967 Al 28-04-1995
DE 69418998 D1 15-07-1999
DE 69418998 T2 11-11-1999
EP 0664198 Al 26-07-1995
US 2006161160 Al 20-07-2006
US 2008131544 Al 05-06-2008
US 2010016966 Al 21-01-2010
US 2008312688 Al 18-12-2008 AT 508692 T 15-05-2011
EP 2155076 A2 24-02-2010
ES 2363574 T3 09-08-2011
US 2008312688 Al 18-12-2008
WO 2008157142 A2 24-12-2008
US 2013226233 Al 29-08-2013  NONE
WO 2015171962 Al 12-11-2015 US 2017055983 Al 02-03-2017
WO 2015171962 Al 12-11-2015

Form PCT/ISA/210 (patent family annex) (April 2005)




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - claims
	Page 19 - claims
	Page 20 - claims
	Page 21 - drawings
	Page 22 - drawings
	Page 23 - wo-search-report
	Page 24 - wo-search-report
	Page 25 - wo-search-report
	Page 26 - wo-search-report
	Page 27 - wo-search-report

