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(57) Abstract: A wound closure device (100) including a first tissue anchor (102) with a first suture filament (110) fixedly coupled
thereto at a proximal end and extending along a length to a free distal end (114), and a second tissue anchor (104) with a second su-
ture filament (112) fixedly coupled thereto at a proximal end and extending along a length to a free distal end (120). The first suture
filament is configured to form a slip knot (116) at its proximal end substantially adjacent the first tissue anchor, and the second su-
ture is configured to form a slip knot (122) at its proximal end substantially adjacent the second tissue anchor. The length of the first
suture filament passes through the slip knot of the second suture and the length of the second suture tilament passes through the slip
knot of the first suture filament.
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METHOD AND DEVICE FOR APPROXIMATING TISSUE
Field of the Invention

The present invention relates generally to the field of tissue approximation, and more
particularly to a method and device having particular application for approximating tissue
during laparoscopic surgery or other procedures where access to the surgical site is difficult,

or for approximating tissue that is difficult to penetrate,

Background

Tissuc approximation is an important part of most surgical proccdures. The
traditional means by which to approximate tissuc involves the use of a surgical suture
attached to a curved needle. The usc of curved needles and suturcs can be time consuming
and challenging in many surgical procedurcs, particularly in difficult to access spaces, for
large wounds, and/or when target tissue is difficult to penctrate. Myomectomy procedures
that requirc closurc of the uterus and vaginal cuff is just onc cxample of such procedures.
The use of a tissue anchor attached to a suture can improve the efficiency of tissue
approximation. Some devices have been known to incorporate slip knots. For example, U.S.
Patent Application Serial No, 13/163,798, filed June 20, 2011, the contents of which are
incorporated herein by reference in their entirety, describes a device including a single strand
of suture that is coupled to a first anchor at one end, forms a slip knot and also passes through
a channel in a second tissue anchor, To tighten this device to approximate tissue a user must
overcome the additional frictional forces of the suture filament sliding through the small
channel in the second anchor. Another known device described in U.S. Patent Publication
No. 2009/0024144 also has a single suture filament coupled to a first anchor at one end,
forms a slip knot and instead of passing through a channel in the second anchor, passes
through a knot in a second suture filament used for the sole purpose of tying the second
suture anchor to the first suture filament as shown in Fig. 11 of the publication. This device
suffers from the same drawback in that to tighten the device to approximate tissue requires
overcoming the additional frictional forces of the first suture filament passing through the
knot that secures the second tissue anchor to the device. Thus, the frictional engagement of
the suture when sliding through the anchor or knot as described above increases the force
necessary to shorten the distance between the two anchor points, and therefore can make the
device difficult to use in a confined space. Thus, it is desirable to provide a suture based,

dual anchor tissue approximation device that consistently requires minimal force when
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pulling on the suture free ends to shorten the distance between the anchor points, regardless
of the type of tissue to be approximated. It would be further desirable to provide such a

device that can readily be used in laparoscopic procedures.

Summary of the Invention

The present invention provides a wound closure device having a first tissue anchor, a
first suture filament fixedly coupled to the first tissue anchor at a proximal end and extending
along a length to a free distal end, a second tissue anchor, and a second suture filament
fixedly coupled to the second tissue anchor at a proximal end and extending along a length to
a free distal end. The first suture filament is configured to form a slip knot at its proximal
end substantially adjacent the first tissue anchor and the second suture is configured to form a
slip knot at its proximal end substantially adjacent the second tissue anchor. The length of
the first suture filament passes through the slip knot of the second suture and the length of the

second suture filament passes through the slip knot of the first suture filament.

In one embodiment, the first and second tissue anchors are substantially axial, and
include a tissuc penetrating distal end. The first and second suture filaments may be coupled
to a mid-section of the first and second tissue anchors respectively, and may further be made
of an absorbable material such as polydioxanone. The anchors may further have a length of

approximately 7 mm.

In yet another cmbodiment, the proximal end of the first and sccond anchors has a
recess therein, sized and shaped to removably receive therein a distal end of an inscrtion
device.

In yet another embodiment, the first and second suture filaments are made of an
absorbable material, which may be polydioxanone.

In another embodiment, the device further includes a third tissue anchor, a third suture
filament fixedly coupled to the third tissue anchor at a proximal end and extending along a
length to a free distal end, a fourth tissue anchor, and a fourth suture filament fixedly coupled
to the fourth tissue anchor at a proximal end and extending along a length to a free distal end.
The third suture filament is configured to form a slip knot at its proximal end substantially
adjacent the third tissue anchor, and the fourth suture is configured to form a slip knot at its
proximal end substantially adjacent the fourth tissue anchor. The length of the third suture

filament passes through the slip knot of the fourth suture and the length of the fourth suture
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filament passes through the slip knot of the third suture filament. Further, the third suture is
intertwined with the first suture at a location along the length of the third and first sutures that
is between the respective pairs of slip knots.

The present invention also provides a kit for performing tissue approximation
including a wound closure device including a substantially axial first tissue anchor having a
tissue penetrating distal end and a recess in a proximal end, and a first suture filament fixedly
coupled to the first tissue anchor at a proximal end and extending along a length to a free
distal end, and a substantially axial second tissue anchor having a tissue penetrating distal end
and a recess in a proximal end and a second suture filament fixedly coupled to the second
tissue anchor at a proximal end and extending along a length to a free distal end. The first
suture filament forms a slip knot at its proximal end substantially adjacent the first tissue
anchor, and the second suture filament forms a slip knot at its proximal end substantially
adjacent the second tissue anchor. The length of the first suture filament passes through the
slip knot of the second suture filament and the length of the second suture filament passes
through the slip knot of the first suture filament. The kit further includes substantially axial
insertion device having a distal tip sized and shaped to be removably received within the
recess in the first and second anchors.

According to one embodiment, the first and second suture filaments are coupled to a
mid-section of the first and second tissue anchors respectfully. The anchors may be made of
an absorbable material such as polydioxanone, and may further have a length of
approximately 7 mm,

In yet another embodiment, the first and second suture filaments may be made of an
absorbable material such as polydioxanone.

The present invention also provides a wound closure device including a
predetermined number of wound closure devices N, where N > |, wherein each wound
closure device includes a tissue anchor and a suture filament fixedly coupled thereto and
forming a slip knot substantially adjacent said anchor before extending outwardly to a free
distal end. For each wound closure device from x=1 to N, the suture filament of wound
closure device x=1 to (N-1) passes through the slip knot of the wound closure device x+1,
and the suture filament of the wound closure device x=N passes through the slip knot of the
wound closure device x=1.

In one embodiment, the first and second tissue anchors are substantially axial, and
include a tissue penetrating distal end, and further may be coupled to a mid-section of the

first and second tissue anchors respectfully.
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In yet another embodiment, the first and second tissue anchors may be made of an
absorbable material such as polydioxanone. The anchors may further have a length of
approximately 7 mm.

In yet another embodiment, the proximal end of the first and second anchors has a
recess therein, sized and shaped to removably receive therein a distal end of an insertion
device.

In yet another embodiment, the first and second suture filaments may be made of an
absorbable material such as polydioxanone.

These and other objects, features and advantages of the present invention will be
apparent from the following detailed description of illustrative embodiments thereof, which is

to be read in connection with the accompanying drawings.

Brief Description of the Drawings

Fig. 1 illustrates a wound closure device according to the present invention;

Fig. 2 illustrates the device of Fig, 1 with one anchor removably coupled to an
insertion device;

Fig. 3 is an enlarged view of the slip knot of the device of Fig. 1;

Fig. 4 illustrates an alternate embodiment of the present invention having four suture
anchors; and

Fig. 5 is yet another alternate embodiment of the present invention having four suture

anchors.

Detailed Description

Fig. 1 illustrates an exemplary embodiment of a tissue closure device 100 according
to the present invention. The tissue closure device 100 includes a first anchor 102 and a
second anchor 104, both of which preferably are self dissecting anchors having tapered
leading ends 107, 109 respectively, capable of penetrating tissue to be approximated. Each
anchor has a suture filament 110, 112 coupled thereto, preferably by a simple knot or the like
at the mid-section 111, 113 of the anchors, and extending outwardly from the anchor. In one
embodiment, the anchor has a through-hole for the suture that is slightly larger in diameter
than the suture and smaller than the size of the formed knot. A countersink slightly larger
than the knot allows the knot to lic below the surface of the anchor. The knot may be a

simple overhand knot, a double-twist overhand knot, or a series of stacked or overlapping
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knots. The first suture filament 110 is coupled to the first anchor 102 at its proximal end 113
and extends outwardly to a free distal end [14. The first suture filament further forms a first
stip knot 116 adjacent the first anchor before extending outwardly toward the free distal end
114. The second suture filament 112 is coupled to the second anchor 104 at its proximal end
118 and extends outwardly to a free distal end 120. The second suture filament also forms a
second slip knot 122 adjacent the second anchor before extending outwardly toward the free
distal end 120. Further, the second suture filament [ 12 passes through the first slip knot 116
and the first suture filament 110 passes through the second slip knot 122. In this manner,
pulling on the distal end of either suture filament allows that suture filament to slide through
the slip knot in the other suture filament with minimal friction until the slip knot of the other
suture filament is tightened by tension placed on that suture anchor. Tension placed, for
example on the second suture anchor that is attached to the second suture filament (in the
direction of the arrow shown in Fig. 3 causes the slip knot of the second suture filament to
change shape around the first suture filament! 10, which ultimately engages the first suture

filament to engage it sufficiently to hold in place relative to the first suture filament.

Fig. 3 is an enlarged version of an exemplary slip knot that can be used in the device
of the present invention, where the first suture filament 110 passes through the second slip
knot 122 formed in the second suture filament 112, Although one embodiment of a slip knot
is shown in Fig. 3, the term “slip knot” as used herein is intended to mean any knot that can
slip along the length of the filamentary element by pulling on one end of the filamentary

element and lock to prevent continued slipping of the filament through the knot.

The tissue closure device of the present invention has particular application
laparoscopic closure of a wound in the uterine wall or for use in performing a vaginal vault
suspension where the vaginal cuff is anchored to the sacrospinous ligament. In a preferred
embodiment, the anchors are substantially axial or straight, approximately 7 mm in length
and are molded of absorbable polydioxanone. Further, the suture filaments are preferably
size 2-0 polydioxanone sutures (PDS). The anchors may also include a recess in the proximal
end thereof 130, 132 sized and shaped to receive the distal end 134 of a linear inserter 136
(scc Fig, 2) that, for laparoscopic procedures, is itsclf sized and shaped to readily fit within
the laparoscopic port. Using a lincar applicator eliminates any bending moment that would
be introduccd by attempting to implant the anchors along an axis that is perpendicular to or
offsct from the main axis of the applicator, and further climinates the difficulty of using a

curved needle for suturing through a laparoscopic port.
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Each anchor is independently implanted and secured into the tissue on opposite sides
of the area to be approximated using the linear applicator and self dissecting anchor mounted
thereon. The distal ends of each filament are then used to draw the wound together, with
each suture filament sliding through the slip knot of the other suture filament until the wound
is approximated and sufficient tension is placed on the anchors to engage the corresponding
filament via the slip knot to hold the wound closed. The above-described device further
provides point-to-point fixation of tissue surfaces, eliminating the passage of a suture around

tissue and thereby minimizing the potential for tissue strangulation and localized ischemia.

The assembly described above can further be coupled in series with additional tissue
anchors and suture filaments. With reference now to Fig. 5, first 501, second 502, third 503
and fourth 504 anchors arc shown cach having a suture filament coupled thercto so as to form
an adjustable slip knot and extend outwardly to a free distal end in the same manner as
described in detail above with respect to Fig. 1. Each suture coupled to its respective tissue
anchor will pass through the slip knot of the successive anchor/suture combination. For
example, anchor 501 which is coupled with suture filament 501a passes through slip knot
502b, whereas suture filament 502a passcs through slip knot 503b and so on. Although four
anchor/suture combinations are illustrated in Fig. 5, the above-described assembly can apply
to any number of such combinations from x =2 to N, In such an embodiment, for each
anchor and associated suture filament x, the suture filament will pass through the slip-knot of
the anchor/filament combination x-+1, until x=N, at which point the suture filament from the
anchor/filament combination N will pass through the slip knot of anchor/filament

combination number 1.

In the embodiment illustrated in Fig. 5, pulling on the free ends of the suture filaments
of adjoining combinations, i.e., filament 501a and 502a, will result in approximating the
tissue between those two adjoining anchors (501, 502 and 502, 503 respectively). In another
embodiment illustrated in Fig. 4, although there are four tissue anchors 401, 402, 403, 404,
the anchors are configured in pairs, of which each pair is configured as described above with
reference to Fig. 1. For each given pair (401, 402 and 403, 404), at least one suture filament
cxtending between the pair of tissue anchors (i.c., filaments 401a, and 403a) arc linked with
one another as shown at junction 420 to thereby couple the assembly together. In this
configuration, applying tension to the free ends of respective pairs of suture filaments such as

404a and 403a, will result in tissuc approximation along orthogonal directions.
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Although illustrative embodiments of the present invention have been described
herein with reference to the accompanying drawings, it is to be understood that the invention
is not limited to those precise embodiments and that various other changes and modifications
may be effected herein by one skilled in the art without departing from the scope or spirit of

the invention.
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What Is Claimed Is:

1. A wound closure device comprising:

a first tissue anchor which is substantially axial in shape and includes a tissue

penetrating distal end;

a first suture filament fixedly coupled to the first tissue anchor at a proximal end and

extending along a length to a free distal end;

a second tissue anchor which is substantially axial in shape and includes a tissue

penetrating distal end;

a second suture filament fixedly coupled to the second tissue anchor at a proximal end

and extending along a length to a free distal end;

wherein the first suture filament forms a slip knot at its proximal end substantially

adjacent the first tissue anchor;

wherein the second suture filament forms a slip knot at its proximal end substantially

adjacent the second tissue anchor; and

wherein the length of the first suture filament passes through the slip knot of the
second suture filament and the length of the second suture filament passes through the slip

knot of the first suture filament.

2. The device according to claim 1, wherein the first and second suture filaments are

coupled to a mid-section of the first and second tissue anchors respectively.

3. The device according to claim 2, wherein the first and second tissue anchors are

comprised of an absorbable material.

4, The device according to claim 3, wherein the absorbable material is polydioxanone.

5. The device according to claim 4, wherein the first and second tissue anchors have a

length of approximately 7 mm.
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6. The device according to claim 1, wherein the proximal end of the first and second
anchors has a recess therein, sized and shaped to removably receive therein a distal end of an

insertion device.

7. The device according to claim 1, wherein the first and second suture filaments are

comprised of an absorbable material.

8. The device according to claim 7, wherein the absorbable material is polydioxanone.

9. The device according to any preceding claim, wherein the first and second tissue
anchors can be drawn closer together in a direct path to enable point to point fixation of tissue
by pulling on either the free distal end of the first suture filament, the free distal end of the

second suture filament, or both.

10. The device according to any preceding claim, comprising:

a predetermined number of anchor/filament combinations N, where N > 2, wherein
each anchor/filament combination includes a tissue anchor and a suture filament fixedly
coupled thereto and forming a slip knot substantially adjacent said anchor before extending
outwardly to a free distal end;

wherein for each anchor/filament combination from x=1 to N, the suture filament of
anchor/filament combination x=1 to (N-1) passes through the slip knot of the anchor/filament
combination x+1, and the suture filament of the anchor/filament combination x=N passes

through the slip knot of the anchor/filament combination x=1.

11. The device according to claim 1, further comprising:
a third tissue anchor;

a third suture filament fixedly coupled to the third tissue anchor at a proximal end and

extending along a length to a free distal end;
a fourth tissue anchor;

a fourth suture filament fixedly coupled to the fourth tissue anchor at a proximal end

and extending along a length to a free distal end;
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wherein the third suture filament is configured to form a slip knot at its proximal end

substantially adjacent the third tissue anchor;

wherein the fourth suture filament is configured to form a slip knot at its proximal end

substantially adjacent the fourth tissue anchor;

wherein the length of the third suture filament passes through the slip knot of the
fourth suture filament and the length of the fourth suture filament passes through the slip knot

of the third suture filament; and

wherein the third suture filament is intertwined with the first suture filament at a
location along the length of the third and first suture filament that is between the respective

pairs of slip knots.

12. A kit for performing tissue approximation comprising:

a wound closure device according to any preceding claim, wherein the first tissue
anchor has and a recess in a proximal end, the second tissue anchor has a recess in a proximal

end; and

a substantially axial insertion device having a distal tip sized and shaped to be

removably received within the recess in the first and second anchors.

13. A wound closure device comprising:

a predetermined number of wound closure devices N, where N > 2, wherein each
wound closure device includes a tissue anchor and a suture filament fixedly coupled thereto
and forming a slip knot substantially adjacent said anchor before extending outwardly to a
free distal end;

wherein for each wound closure device from x=1 to N, the suture filament of wound
closure device x=1 to (N-1) passes through the slip knot of the wound closure device x+1,
and the suture filament of the wound closure device x=N passes through the slip knot of the

wound closure device x=1.

14. The device according to claim 13, wherein the tissue anchors of each wound closure

device are substantially axial, and include a tissue penetrating distal end.

10



30 Nov 2017

2013323999

h

S

15. The device according to claim 14, wherein the suture filaments of each wound closure

device are coupled to a mid-section of respective tissue anchors.

16. The device according to claim 15, wherein the tissue anchors of each wound closure

device are comprised of an absorbable material.

17. The device according to claim 16, wherein the tissue anchors of each wound closure

device have a length of approximately 7 mm.
18. The device according to claim 14, wherein a proximal end of the tissue anchors of
each wound closure device has a recess therein, sized and shaped to removably receive

therein a distal end of an insertion device.

19. The device according to claim 13, wherein the suture filaments of each wound closure

device are comprised of an absorbable material.

20. The device according to claim 16 or 19, wherein the absorbable material is
polydioxanone.

11
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