wo 2014/100545 A 1[I A0V O

(43) International Publication Date

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

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

(10) International Publication Number

WO 2014/100545 A1

(51

eay)

(22)

(25)
(26)
(30)

1

(72

74

26 June 2014 (26.06.2014) WIPOIPCT
International Patent Classification: (81)
A61B 17/04 (2006.01)

International Application Number:
PCT/US2013/076825

International Filing Date:
20 December 2013 (20.12.2013)

Filing Language: English
Publication Language: English
Priority Data:

61/740,769 21 December 2012 (21.12.2012) US
14/133,040 18 December 2013 (18.12.2013) US

Applicant: EDWARDS LIFESCIENCES CORPORA-
TION [US/US]; One Edwards Way, Irvine, CA 92614

(US).

Inventors: MIRAKI, Manouchehr, A.; Edwards Lifesci-
ences, One Edwards Way, Legal Department, Irvine, CA
92614 (US). DANG, Kevin; Edwards Lifesciences, One
Edwards Way, Legal Department, Irvine, CA 92614 (US).
KWON, Yoon, H.; Edwards Lifesciences, One Edwards
Way, Legal Department, Irvine, CA 92614 (US). BILLER,
William; Edwards Lifesciences, One Edwards Way, Legal
Department, Irvine, CA 92614 (US).

Agents: KAISER, AnneMarie ct al; Edwards Lifesci-
ences, One Edwards Way, Irvine, CA 92614 (US).

(84)

Designated States (uniess otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,
KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD, ME,
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,
SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, T™M,
TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM,
ZW.

Designated States (uniess otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CIL, CM, GA, GN, GQ, GW,
KM, ML, MR, NE, SN, TD, TG).

Published:

with international search report (Art. 21(3))

before the expiration of the time limit for amending the
claims and to be republished in the event of receipt of
amendments (Rule 48.2(h))

(34

Title: SYSTEMS FOR SECURING SUTURES

40

42

48

FIG. 6

(57) Abstract: Described herein are systems and methods for securing sutures that obviate the need for tying knots. Instead of tying
two ends of a suture or two sutures together with a knot, two or more suture portions can be fused or cauterized together using heat.
A device can be applied to adjacent suture portions that heats the suture portions and causes the suture portions to tuse together, ef-
fectively securing the suture portions together without a knot.



WO 2014/100545 PCT/US2013/076825

S1-

SYSTEMS FOR SECURING SUTURES

CROSS REFERENCE TO RELATED APPLICATION
[001] The application claims the benefit of U.S. Provisional Patent Application No.
61/740,769 filed on December 21, 2012, which is herein incorporated by reference.

FIELD

[002] This disclosure is related to devices and methods for securing surgical sutures.

BACKGROUND
[003] Surgically placed sutures are frequently used in many different surgical procedures.
Exemplary procedures include closing an open section of blood vessel to secure placement
of tubes for cardiopulmonary bypass and implantation of a prosthetic device within the
heart. In such procedures, different suture types and suture patterns are often used, such as
purse string sutures, mattress sutures, running sutures, and others. Conventionally, at the
end of such a procedure, the two free ends of each suture are tied together in a knot to
secure the suture in place.

SUMMARY

[004] Described herein are systems and methods for securing sutures that obviate the need
for tying knots. Instead of tying two ends of a suture or two suture portions together with a
knot, two or more suture portions can be fused or cauterized together using heat. A device
can be applied to adjacent suture portions that heats the suture portions and causes the

suture portions to fuse together, effectively securing the suture portions together.

[005] Some embodiments of a suture securement device comprise a handle, an elongated
outer shaft having a proximal end portion coupled to the handle and a distal end portion
opposite the proximal end, an inner shaft movable proximally and distally within the outer
shaft, an electrical heating element positioned within the outer shaft, and a suture holder at
the distal end portion of the outer shaft. The suture holder can has an open position and a
closed position, wherein in the open position the suture holder is configured to receive

sutures, and in the closed position the suture holder is configured to hold sutures and
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prevent longitudinal movement of held sutures relative to the outer shaft. Actuation of the
device causes the inner shaft and the heating element to move distally relative to the outer
shaft and the suture holder, such that the distal end portion of the inner shaft causes the
suture holder to move from the open position to the closed position, and such that the
heating element moves into the proximity of the suture holder to fuse together sutures held

by the suture holder.

[006] In some embodiments, the suture holder comprises a first portion and a second
portion that are hingedly coupled together for articulation between the open position and the
closed position, such as in a clamshell-type configuration. The first and second portions of
the suture holder can be coupled by an elastically flexible hinge that biases the first and
second portions toward the open position, such that the suture holder releases the fused
sutures when the inner shaft moves proximally off of the suture holder. The first portion of
the suture holder can be fixed relative to the outer shaft and a second portion of the suture
holder can move between the open position and the closed position. In other embodiments,
both portions of the suture holder can move. In some embodiments, the suture holder has a
sloped proximal surface and the inner shaft has a sloped distal surface, and contact between
the sloped proximal surface and the sloped distal surface causes the suture holder to close.
In some embodiments, the suture holder comprises a proximal recess and the heating
element moves at least partially into the proximal recess, such as to both fuse the sutures

and to cut off free ends of the sutures.

[007] In some embodiments, the device can comprise an electrical power source in the
handle that is electrically coupled to the heating element. In other embodiments, the device

can be electrically coupled to an electrical power source.

[008] In some embodiments, the outer shaft comprises a longitudinal slot at the distal end
portion of the outer shaft and, in the open position, free ends of sutures received by the
suture holder extend out of the device through the slot to allow manual tensioning of the
sutures. In some embodiments, the inner shaft comprises a longitudinal slot at the distal end
portion of the inner shaft and, in the closed position, free ends of sutures held by the suture

holder extend out of the device through the slots in the inner and outer shafts.
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[009] In some embodiments, the heating element is positioned within the inner shaft and
the inner shaft comprises at least two radial openings adjacent to the heating element to vent

heat from the heating element.

[010] In some embodiments, the device includes a suture collar at the distal end of the
outer shaft. The suture collar can comprise a central opening for collaring sutures received
by the suture holder, and a lateral gate that allows sutures to enter laterally into the central
opening in a radially inward direction through the lateral gate, and the lateral gate blocks
sutures from exiting the central opening in a radially outward direction. A stationary part of
the suture holder can be fixed to a proximal side of a suture collar. The outer shaft can
include a slot extending proximally from a distal end of the outer shaft, and the slot can be
circumferentially aligned with the lateral gate in the suture collar and a lateral opening in
the suture holder such that an intermediate portion of a suture can be laterally inserted
through the slot and through the lateral gate and into the central opening and into the suture

holder.

[011] Some embodiments of a suture securement device comprise a handle, an elongated
outer shaft having a proximal end portion coupled to the handle and a distal end portion
opposite the proximal end, an electrical heating element positioned within the outer shaft,
and a suture collar at the distal end portion of the outer shaft. The suture collar has a central
opening for collaring sutures and a lateral gate that allows an intermediate portion of a
suture to enter laterally into the central opening in a radially inward direction through the
lateral gate, and the gate blocks sutures from exiting the central opening in a radially
outward direction. Actuation of the device causes the heating element to fuse together

sutures collared by the suture collar.

[012] In some embodiments, the suture collar is generally disk-shaped and further
comprises a generally wedge-shaped slot extending radially from a radially outer perimeter
of the suture collar to the lateral gate. In some embodiments, the lateral gate comprises an
elastically flexible flap that deflects to allow sutures to pass into the central opening, such
that a radially inward force from a suture causes the flap to elastically deflect into the

central opening to open the lateral gate.
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[013] In some embodiments, the device further comprises an air conduit extending from
the handle to the distal end portion of the outer shaft and configured to conduct air to the
distal end portion to help cool the heating element and/or the fused sutures. The air conduit

can be coupled to a pump in the handle or to an external air supply source.

[014] The foregoing and other objects, features, and advantages of this disclosure will
become more apparent from the following detailed description, which proceeds with

reference to the accompanying figures.

BRIEF DESCRIPTION OF THE DRAWINGS

[015] FIG. 1 is a top view of an exemplary suture securement device disclosed herein.

[016] FIG. 2 is a top view of another exemplary suture securement device disclosed

herein.

[017] FIG. 3 is a top view of yet another exemplary suture securement device disclosed

herein.
[018] FIG. 4 shows two sutures fused together.
[019] FIG. 5 shows two sutures secured together with an exemplary clip disclosed herein.

[020] FIG. 6 is a side view of still another exemplary suture securement device disclosed

herein.

[021] FIG. 7 is a cross-sectional side view of a distal end of the device of FIG. 6.
[022] FIG. 8 is a cross-sectional top view of a distal end of the device of FIG. 6.
[023] FIG. 8A is a cross-section end view of the distal end of the device of FIG. 6.

[024] FIG. 9 is a side view of another exemplary suture securement device disclosed

herein.
[025] FIG. 10 is a cross-sectional side view of a distal end of the device of FIG. 10.
[026] FIG. 11 is a cross-sectional top view of a distal end of the device of FIG. 10.

[027] FIG. 11A is a cross-section end view of the distal end of the device of FIG. 10.
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[028] FIG. 12 is a perspective view of another exemplary suture securement device

disclosed herein.
[029] FIG. 13 is a side view of the device of FIG. 12.
[030] FIG. 14 is cross-sectional side view of a handle portion of the device of FIG. 12.

[031] FIG. 15 is a perspective view of a distal portion of the device of FIG. 12 in an open

position, with an outer shaft of the device partially cut away.

[032] FIG. 16 is a top view of the distal portion of the device of FIG. 12 in the open

position, with the outer shaft not shown.

[033] FIG. 17 is a perspective view of the distal portion of the device of FIG. 12 in the

open position, with the outer shaft and inner shaft not shown.

[034] FIG. 18 is another perspective view of the distal portion of the device of FIG. 12 in

the open position, with the outer shaft and inner shaft not shown.

[035] FIG. 19 is a perspective view of a distal portion of the device of FIG. 12 in closed

position, with an outer shaft of the device partially cut away.

[036] FIG. 20 is a cross-sectional top view of the distal portion of the device of FIG. 12 in

a closed position, with the outer shaft not shown.

[037] FIG. 21 is a perspective view of the distal portion of the device of FIG. 12 in the

closed position, with the outer shaft and inner shaft not shown.

[038] FIG. 22 is a perspective view from a proximal end of a suture holder and a suture
collar of the device of FIG. 12 in the closed position, with other portions of the device not

shown.

[039] FIG. 23-25 are side, proximal end, and distal end views, respectively, of an

exemplary suture holder of the device of FIG. 12.
[040] FIG. 26 is distal end view of an exemplary suture collar of the device of FIG. 12.

[041] FIG. 27 is a perspective view of the distal portion of the device of FIG. 12 in the
open position, with the outer shaft and inner shaft not shown, and further comprising an

exemplary fusing sleeve positioned around the sutures.
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DETAILED DESCRIPTION
[042] Described herein are systems and methods for securing sutures that obviate the need
for tying knots. Instead of tying two ends of a suture or two or more sutures together with a
knot, the suture portions can be fused or cauterized together using heat. A device can be
applied to two or more adjacent suture portions that heats the suture portions and causes the

suture portions to fuse together, effectively securing the suture portions together.

[043] While this disclosure primarily describes securing two suture portions together,
embodiments of the disclosed systems and methods can also be used to secure three or more
suture portions together in a similar matter. The two suture portions being secured together
can be two portions of the same suture (e.g., opposite ends) or portions of two different
sutures. Furthermore, the suture portions secured together can be any portion along a length

of a suture, such as an end of the suture or a portion of the suture between its ends.

[044] The disclosed systems and methods can be used with any type of sutures that are
capable of being fused or cauterized together when heat is applied. Exemplary suture
materials can comprise biological tissues (e.g., collagen-based tissue), polyglycolide,
polydioxanone, polyester, nylon, polypropylene, and other polymeric materials. Some

sutures comprise several strands of fibers braided or woven together.

[045] FIG. 1 shows a portion of an exemplary device 10 that is configured to fuse sutures
together using heat. The device 10 comprises a handle portion 12 that a user holds to
operate the device and a distal portion 14 configured to apply heat to sutures to fuse them
together. The handle portion 12 can comprise a generally cylindrical body 16 and an
actuator 18. The body 16 can house additional components, such as electronics and/or a
power supply (e.g., one or more batteries). The actuator 18 can comprise an electrical
switch, a knob, a dial, a button, or other control mechanism. The handle portion 12 can be

coupled to a remote power source in some embodiments.

[046] As shown in FIG. 2, the distal portion 14 can comprise an extension portion 20 of
the body 16 that has a reduced width than the body, an electrical heating element 24

extending distally from the extension portion 20, and a sheath 22 that extends from the
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extension portion 20 and surrounds the heating element 24. The sheath 22 can be generally
cylindrical and can have a distal opening 26 positioned a small distance distally from a
distal end of the heating element 24. The sheath 22 can also have a lateral opening 28 in a

sidewall of the sheath adjacent to the distal end of the heating element 24.

[047] The heating element 24 can comprise a loop of wire or filament that heats when an
electrical current passes through it. The distal end of the heating element 24 can comprise
various shapes, such as an eyelet shape through which sutures can pass, or a crescent shape

configured to curve around sutures.

[048] In some embodiments, the heating element 24 can be axially, rotationally, and/or
radially moveable relative to the sheath 22. For example, in some embodiments, the heating
element can be retracted proximally within the sheath 22 while sutures are guided into or
through the sheath, and then advanced distally relative to the sheath 22 in order to cause the
heating element to contact the sutures. In some embodiments, the heating element 24 can
be moved radially within the sheath to contact the sutures. In some embodiments, the
heating element can comprise two or more loops and the sutures can be positioned between
the loops. In other embodiments, the heating element 24 can be fixed axially relative to the

sheath 22.

[049] In use, two or more suture portions 30A and 30B can be threaded through the distal
opening 26 and out through the lateral opening 28 such that the suture portions pass
adjacent to the heating element 24, as shown in FIG. 3. Typically, the two suture portions
30A, 30B are projecting from a surgical location in the body, and so the device 10 is moved
in conjunction with the suture portions to guide the suture portions through the openings 26
and 28 in the sheath 22. In some cases, two suture ends can be introduced into the sheath 22
through the distal opening 26 without extending out through the lateral opening 28, such

that the ends of the sutures can be fused together.

[050] The distal portion 14 can be advanced along or over the suture portions until a
desired fusing location along the suture portions is adjacent to the heating element 24. In
some cases, this can include advancing the distal portion 14 until the distal end of the sheath

22 contacts the tissue or other object from which the suture portions are protruding. In
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some methods, the free ends of the suture portions 30A, 30B that extend out from the lateral
opening 28 in the sheath can be grasped and pulled to a desired tension, using the distal end
of the sheath 22 to hold the surrounding tissue or material steady as the sutures are pulled

taught.

[051] When the distal portion is at the desired location along the suture portions 30A, 30B
such that the sections to be fused are adjacent the heating element 24 and/or the desired
tension applied to the suture portions, the user can actuate the actuator 18, which can cause
the heating element 24 to advance distally within the sheath 22 and into contact with the
sutures and/or can cause an electrical current to flow through the heating element 24 and
increase the temperature of the heating element. In some embodiments, two or more
different actuators are included to separately control movement of the heating element and
heating of the heating element. When the heating element is heated sufficiently, the
sections of the suture portions 30A, 30B that are adjacent to or in direct contact with the
heating element are heated and fused together. The fusing of the suture portions can include
melting and/or cauterization of the suture material such that the material of two suture
portions meld together to form a connection 32, as shown in FIG. 4. In some embodiments,
the fusing of the suture portions causes the end portions of the sutures beyond the
connection 32 to be severed off, leaving the connection 32 at the ends of the sutures, as
shown in FIG. 4. In other embodiments, the end portions of the sutures beyond the
connection 32 can be manually cut off. The tissue is protected from the heating element 24
because the distal end of the sheath 22 remains positioned distal to the distal end of the
heating element when the heating element is actuated. The sheath 22 also protects the tissue

laterally from contacting the heating element.

[052]  After the sutures are fused, the device 10 can be removed and optionally used to
fuse addition suture portions by repeating the methods described herein. In some
embodiments, the device 10 can be reused for more than one surgery, while other
embodiments can be disposable after a single surgery. In some embodiments, the distal
sheath 22 and/or the heating element 24, or the entire distal portion 14 can be removed,

disposed, and replaced between surgeries.
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[053] In some embodiments, a heat-based suture fusing device, like those described
herein, can be included as part of a suture clip deployment device, such as the suture clip
deployment devices disclosed in U.S. Patent Application No. 13/715,640, filed December
14, 2012, and published as US 2013-0165953 A1, which is herein incorporated by
reference. As shown in FIG. 5, in some embodiments, two suture portions 30A, 30B can be
secured together with an exemplary suture clip 34 and also fused together at a connection
32. This can help further secure the sutures together and help prevent the sutures from
pulling through the tissue. Any suitable suture clip can be used in such embodiments, such

as any of the exemplary suture clips disclosed in U.S. Patent Application No. 13/715,640.

[054] FIGS. 6, 7, 8 and 8A show an exemplary suture clip delivery device 40 that is
configured to deploy an exemplary suture clip 50 onto an exemplary suture 59 (the suture
59 shown is not to scale for illustrative purposes, and can be significantly thicker in relation
to the clip 50). The device 40 comprises a handle 42 and an elongated shaft 44. The shaft
44 can be long, narrow, and tubular, and can have an inner lumen 45 (FIG. 8A) with a distal
opening 46. The clip 50 can be made of an injection molded plastic, machined plastic, other
polymeric materials, metal based materials, or other suitable materials. The clip 50 can
comprise a support portion 52 having a cross-sectional shape corresponding to the shape of
the lumen 45 of the shaft 44, a flanged portion 54 having a broader diameter, and inner
passageway 53 (FIG. 8A) extending through the support portion 52 and the flanged portion
54. The broad flange portion 54 can provide increased surface area for contact with tissue
to reduce the risk of pull-through or tissue damage. The support portion 52 of the clip can
be inserted into the distal opening 46 to load the clip 50 into the device 40. In some
embodiments, the support portion 52 and the lumen 45 of the shaft 44 can have a circular
cross-sectional profile, as shown in FIG. 8A. In other embodiments, the support portion 52
and the lumen 45 of the shaft can have a non-circular cross-section profile to ensure proper
rotational orientation of the clip 50 relative to the shaft. When loaded, the flange portion 54
can abut the distal end of the shaft 44, as shown in FIGS. 7 and 8, which show two cross-
sectional views of the distal end of the shaft 44 with the clip 50 loaded, taken along a

longitudinal axis of the shaft 44 at 90 degrees apart from each other.
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[055] With the clip 50 loaded in the device 40 and a suture 59 inserted into or through the
clip, the device can be used to secure the clip to the suture. The device 40 can be
configured such that manual actuation of a lever 48, or other mechanism, causes a volume
of liquid polymer to be injected through the shaft 44 and into the passageway 53 (FIG. 8A)
within the support portion 52 of the clip 50. UV radiation or other curing means can then be
used to solidify the polymer inside the clip 50 and thereby secure the clip to the suture via
the solid polymer. As shown in FIGS. 7 and 8, the device 40 can further comprise one or
more polymer delivery tubes 56 that are coupled at a proximal end to a liquid polymer
source, such as in the handle 42 or external to the device 40, and coupled at a distal end to
one or more polymer delivery tips 58, which extend radially through the sidewall of the
support portion 52 of the clip 50 and into the passageway 53 between the inserted suture 59

and the inner surface of the support portion 52.

[056] The polymeric injection material can comprise, for example, a copolymer resin with
a curing agent, a thermopolymer which is heated up and then cools once injected, or other
known materials. In some embodiments, once the liquid polymer is injected into the clip, a
UV curing device (either part of the device 40 or separate), such as a UV radiation source,
can be applied to solidify the polymer. For example, some embodiments of the device 40
comprise a UV radiation source positioned in the handle portion and/or UV radiation
emitter positioned near the distal end of the shaft 44. The suture 59 and/or the clip 50 can
partially or completely bond with the injected polymer, providing a permanent bond

between the suture and the clip.

[057] 'The cross-sectional size of the shaft 44 and lumen 45 can be any size and can be
used with any size of clip 50 and any size of inner passageway 53, which can be used with
any size or type of suture 59. The device 40 and clip 50 can also be used to secure more
than one suture together in the same manner. In some embodiments, the inner diameter of
the passageway 53 through the clip 50 can be sized significantly larger than the diameter of
the suture 59, thereby making it easier to insert the suture through the clip and providing

space for the polymeric material to be injected.

[058] The support portion 52 of the clip can comprise lateral openings corresponding to

the location of the polymer delivery tips 58. In some embodiments, the tips 58 can be rigid
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to aid in retaining the clip 50 within the shaft 44, and in other embodiment, the tips 58 can
be soft and flexible. In some embodiments, the tips 58 can have a curved or sloped distal
surface to facilitate inserting the clip support portion 52 over the tips until the tips engage
into holes in the sidewall of the support portion, as shown in FIG. 8. The tips 58 can be
integrated with the shaft 44 and delivery tubes 56 in some embodiments, and in other
embodiments the tips 58 can be integrated with the clip 50 itself. In some embodiment,
there is only one polymer delivery tube 56 and/or only one tip 58 for injecting polymeric
material into the clip 50, while in other embodiments, there can be more than two delivery

tubes 56 and/or more than two tips 58.

[059] In some embodiments, the inner surfaces of the clip 50 can comprise geometric
characteristics that prevent the polymeric material from escaping from the clip once

solidified.

[060]  After the clip 50 is deployed and secured to a suture, the device 40 can be used to
cut off the free end of the suture. In some embodiments, the distal end of the shaft 44 can
comprise a cutting means, such as a sharp edge, blade, heating element, etc., for cutting the

suture.

[061] To aid in releasing the clip 50 from the shaft 44, the device 40 can comprise a
release mechanism that causes the clip 50 to separate from the shaft 44, from the delivery
tubes 56, and/or from the tips 58. In some embodiments, the clip 50 is held within the shaft
44 via friction fit between the support portion 52 and the inner surface of the shaft 44. In
some cases, this friction can be overcome by pulling the device proximally and relying on
suture tension to pull the clip in the opposite direction. In some embodiments, a pushing
device (not shown) can be positioned within the shaft 44 and proximal to the clip 50, and
configured to move distally relative to the shaft 44 in order to push the clip 50 out of the
shaft 44 after it is secured to the suture. In some embodiments, the device 40 can be
configured to move the tips 58 radially out of the lateral holes in the clip support portion 52

in order to disengage the clip 50 from the device 40.

[062] FIGS. 9, 10, 11, and 11A show another exemplary suture clip delivery device 60

that is configured to deploy an exemplary suture clip 70 onto an exemplary suture 79 (the
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suture 79 shown is not to scale for illustrative purposes, and can be significantly thicker in
relation to the clip 70). The device 60 comprises a handle 62 and an elongated shaft 64.
The shaft 64 can be long, narrow, and tubular, and can have an inner lumen 67 with a distal
opening 66. A distal end portion of the shaft 64 can comprise a heating element 65, such as

an electrical heating element or other means for providing heat.

[063] The clip 70 can comprises a support portion 72 having a cross-sectional shape
corresponding to the shape of the lumen 67 of the shaft 64, a flanged portion 74 having a
broader diameter, and inner passageway 73 (FIG. 11A) extending through the support
portion and the flanged portion for receiving the suture 79. The broad flange portion 74 can
provide increased surface area for contact with tissue to reduce the risk of pull-through or
tissue damage. The support portion 72 of the clip can be inserted into the distal opening 66
to load the clip 70 into the device 60. In some embodiments, the support portion 72 and the
lumen 67 of the shaft 64 can have a circular cross-section profile. In other embodiments,
the support portion 72 and the lumen 67 of the shaft 64 can have a non-circular cross-
section profile to ensure proper rotational orientation of the clip relative to the shaft. When
loaded, the flange portion 74 can abut the distal end of the shaft 64, as shown in FIGS. 10
and 11, which show two cross-sectional views of the distal end of the shaft 64 with the clip
70 loaded, taken along a longitudinal axis of the shaft 64 at 90 degrees apart from each

other.

[064] With the clip 70 loaded in the device 60 and a suture 79 inserted into or through the
clip, the device can be used to secure the clip to the suture. The device 60 can be
configured such that actuation of a lever 68, or other mechanism, causes the heating element
65 to heat the support portion 72 of the clip. For example, the heating element 65 can be
electrically coupled to a battery in the handle 62 and/or to an external power source. Heat
from the heating element 65 can cause the support portion 72 to become secured to the
suture 79. In some embodiments, the heat can cause the support portion 72 to shrink or
constrict radially around the suture 79 to mechanically and/or frictionally secure the clip to
the suture. In some embodiments, the heat can cause the support portion 72 and/or the
suture 79 to partially melt and bond or adhere together. In some embodiments, the heat can

cause the support portion 72 to chemically bond to the suture 79. The support portion 72 of
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the clip, or the whole clip 70, can comprise a polymeric material, such as thermoset or
thermoplastic polymer. In some embodiments, the clip can comprise a single layer
polymer, and in some embodiments the clip can comprise a multi-layered polymer. In some
embodiments, the clip can comprise a braided material. In some embodiments, the heat can
activate an adhesive material coating the inner surface of the support portion 72 such that
the adhesive adheres the clip to the suture 79. The suture 79 and the clip 70 can partially or
completely bond with each other, providing a permanent, strong bond between the suture

and the clip.

[065] In some embodiments, the clip 70 can comprise contoured and/or textured inner
surfaces that engages with the suture 79, which can increase contact surface area, increase
friction, and can present a tortuous path for suture once the clip has constricted around the
suture. This can further enhance the attachment force between the clip and suture and

increase retention.

[066] The cross-sectional size of the shaft 64 and lumen 67 can be any size and can be
used with any size of clip 70 having any size of inner passageway 73, which can be used
with any size or type of suture 79. The device 60 and clip 70 can also be used to secure
more than one suture together in the same manner. In some embodiments, the inner
diameter of the passageway 73 through the clip 70 can be sized significantly larger that the

diameter of the suture 79, thereby making it easier to insert the suture through the clip.

[067] After the clip 70 is deployed and secured to a suture, the device 60 can be used to
cut off the free end of the suture. In some embodiments, the distal end of the shaft 64 can
comprise a cutting means, such as a sharp edge, blade, heating element, etc., for cutting the

suture.

[068] To aid in releasing the clip 70 from the shaft 64, the device 60 can comprise a
release mechanism that causes the clip 70 to separate from the shaft 64. In some
embodiments, the clip 70 is held within the shaft 64 via a friction fit between the support
portion 72 and the inner surface of the shaft. In some embodiments, this friction is reduced
or eliminated when the support portion 72 is heated and becomes secured to the suture 79,

such as because the support portion shrinks in diameter. In some embodiments, the friction
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can be overcome by pulling the device 60 proximally and relying on suture tension to pull
the clip 70 in the opposite direction. In some embodiments, a pushing device (not shown)
can be positioned within the shaft 64 and proximal to the clip 70, and configured to move
distally relative to the shaft 64 in order to push the clip 70 out of the shaft after it is secured

to the suture.

[069] FIGS. 12-26 show an exemplary embodiment of another suture securement device
102. The device 102 can be used to fuse sutures together and/or cut off free ends of sutures
using heat. Sutures can be inserted into a distal end of the device 102 and manually
tensioned, then the device can be actuated to apply heat to the sutures to melt them, which
can sever off free ends of the sutures and can fuse the sutures together. The device 102 can
be applied, for example, to two ends of a single suture that is threaded through a patient’s
body with the free ends exposed. The two exposed ends of the suture can be inserted into
the device 102, tensioned as desired, and then fused together to secure the suture in the body
at the desired tension, and the free ends beyond the fused area can be severed and removed,
providing an effective suture securement without the use of knots or clips or other retaining

devices.

[070] The illustrated embodiment of the device 102 comprises a handle portion 104 and
an elongated shaft portion 106 extending from the handle portion. The handle portion 104
can include an outer housing 108 and a trigger 110 for actuating the device. The trigger 110
can comprise a lever that pivots relative to the housing 108, such as about pivot 120 as
illustrated in FIG. 14, or can comprise other mechanical or electronic mechanisms for

actuating the device, including automated and/or motorized mechanisms.

[071] As shown in FIG. 14, the handle portion 104 can further comprises electronics 118,
such as a battery or other power source, within the housing 108 for providing electrical
power to a heating element 124 in the shaft portion 106. In other embodiments, the device
102 can be electrically coupled to an external power source for providing electrical power to

the heating element 124, such as via a cord that plugs into an outlet.

[072] The shaft portion 106 includes an outer shaft 112 that is fixed to or coupled to the
housing 108 and extends distally from the handle portion 104 such that the shaft portion 106
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can be inserted into a body cavity to access sutures. An inner shaft 114 is positioned within
the outer shaft 112 and is slidably movable proximally and distally within a lumen of the
outer shaft 112. A proximal end portion of the inner shaft 114 can be coupled to the trigger
110, such as at pivot 122, in the handle portion 104 such that actuation of the trigger causes
the inner shaft to move distally within the outer shaft 112. Releasing the trigger 110 can
cause the inner shaft to move back proximally within the outer shaft, such as via a spring or
other biasing mechanism (not shown) attached to the inner shaft or the trigger and to the
housing 108. In other embodiments, after the trigger 110 is actuated from a starting position
to an actuated position, the trigger is manually moved back to the starting position to cause

the inner shaft 114 to move back proximally.

[073] Referring to FIG. 15, the heating element 124 can be positioned within the inner
shaft 114 and can move in unison with the inner shaft 114 within the outer shaft 112 in
response to actuation of the trigger 110. In FIG. 15, the outer shaft 112 is partially cut away
in order to better illustrate other components within the outer shaft. The outer shaft 112
typically extends the entire length of the shaft portion with a distal end positioned around
the suture collar 126. The heating element 124 is positioned within the inner shaft 114 and
the distal end distal end of the heating element 124 is spaced radially from the inner
surfaces 142 of the distal end portion of the inner shaft 114. The heating element 124 can
further comprise a proximal portion 125 (FIG. 18) having a larger diameter and mounted
further proximally within the inner shaft. The heating element 124 can be coupled to the
electronics 118 in the handle portion 104 and/or to an external power source and/or
controller via wires 116 running through the shaft portion 106, such as within the inner shaft

114, as illustrated in FIG. 14.

[074] 'The device 102 has an open configuration, shown in FIGS. 15-18, and a closed
configuration, shown in FIGS. 19-22. Actuating the trigger 110 can cause the device 102 to
move from the open configuration to the closed configuration, and releasing the trigger 110
or returning the trigger to its pre-actuation position can move the device 102 from the closed

configuration to the open configuration.

[075] In the open configuration (FIGS. 15-18), the device 102 can receive sutures 130 at a

distal end of the shaft portion 106 and the received sutures can optionally be tensioned by
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pulling on free ends 132 of the sutures that protrude out of the side of the shaft portion 106.
In the closed position (FIGS. 19-22), the received sutures 130 can be gripped by a suture
holder 128 to maintain tension in the sutures and/or manual tension can be maintained, and
the heating element is applied to the sutures 130 fuse them together and/or cut off the free

ends 132 of the sutures.

[076] 'The outer shaft 112 can be tubular, such as generally cylindrical, or it can have a
non-circular cross-section. The shaft 112 defines an inner lumen in which the inner shaft
114 slides. The inner shaft 114 can have an outer surface 137 that generally conforms to the
inner lumen of the outer shaft 112 and provides for minimal frictional contact therebetween.
As shown in FIG. 15, the distal end portion of the inner shaft 114 can include a distal end
138, a beveled or sloped surface 140, an inner cavity 142 that surrounds the heating element
124, a lateral slot 144 that extends proximally from the distal end 138 in one side of the
inner shaft, and/or one or more radial vents 146, 147 communicating from the inner cavity

142 radially to the outer surface 137 proximate the heating element 134.

[077] The outer shaft 112 has a distal end 134, a lateral slot 136 that extends proximally
from the distal end 134 in one side of the outer shaft, and/or one or more radial vents (not
shown) communicating from its inner lumen radially to its outer surface. The lateral slots
136 and 144 can be aligned circumferentially to provide a lateral opening extending radially
through both the inner and outer shafts. Vents in the outer shaft 112 can further be aligned,
both circumferentially and longitudinally, with the vents 146, 147 in the inner shaft 114
when the inner shaft is in the distal, closed position in order to vent heat from the heating
element radially out of the device and/or to allow cross-flow of air through the shaft portion

106 past the heating element.

[078] In some embodiments, the device 102 can further comprise a suture collar 126 at
the distal end 134 of the outer shaft 112. The collar 126 can be generally disk shaped
having generally flat distal and proximal surfaces and a round perimeter 176 that mounts
within the distal end of the inner lumen of the outer shaft. The collar 126 includes a central
opening 170 that can receive and collar sutures extending proximally through the collar 126

into the inner lumen of the outer shaft. The collar 126 can further comprise a lateral gate
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172 to allow intermediate portions of sutures to be inserted laterally into the central opening

170 but restricts or prevents sutures from escaping laterally out of the central opening.

[079] As shown in FIG. 26, the collar 126 includes a radial slot or mouth 174 that extends
from the lateral gate radially to the outer perimeter 176. The radial slot 174 can be
generally tapered or wedge shaped, such that its width decreases moving radially inwardly.
This can assist in directing an intermediate portion of a suture radially toward the lateral
gate 172 and into the central opening 170. The radial slot 174 can be circumferentially
aligned with the lateral slots 136, 144 in the outer and inner shafts 112, 114, to allow sutures
to be inserted laterally into the collar 126 and into the suture holder 128 with free ends of

the sutures extending laterally out through the lateral slots in the shafts.

[080] As shown in FIG. 26, the lateral gate 172 can comprise a tang or flap that extends
generally circumferentially along the side of the central opening 170, blocking
communication between the radial slot 174 and the central opening 170. The lateral gate
172 can be elastically deformable such that radially inward force from a suture being moved
radially inwardly through the radial slot 174 causes the lateral gate 172 to resiliently deflect
into the central opening 170, opening a passageway between radial slot and the central
opening large enough for the suture to pass through into the central opening. The lateral
gate 172 can extend past the radial slot 174 and overlap the radial surface surrounding the
central opening such that the lateral gate is blocked from deflecting radially outwardly,
which can prevent collared sutures from moving radially outwardly from the central

opening 170 through the radial slot 174 and escaping from the collar 126.

[081] Inembodiments of the device 102 comprising a suture holder 128, the suture holder
128 can be positioned within the distal end portion of the outer shaft, such as mounted to a
proximal surface of the suture collar 126 and/or mounted to an inner surface of the outer
shaft 112. The suture holder 128 has an open position (FIGS. 15-18) and a closed position
(FIGS. 19-25). In the open position, the suture holder 128 is configured to receive sutures
axially and/or radially entering the suture holder, and in the closed position the suture holder
is configured to grip and hold received sutures and prevent longitudinal and radial
movement of held sutures relative to the outer shaft 112. The suture holder 128 is shown

isolated in the closed position in FIGS. 23-25.
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[082] The suture holder 128 can comprise a first portion 152 and a second portion 150
that are hingedly coupled together for articulation between the open position and the closed
position, such as in a clamshell-type configuration. The first portion 152 of the suture
holder can be fixed to the suture collar and/or to the outer shaft, while the second portion

150 is free to move between the open and closed positions.

[083] The suture holder 128 can comprise a sloped or tapered proximal outer surface 154
extending circumferentially around, or partially around, both the first and second portions of
the suture holder. In other embodiments, the sloped surface 154 may be present only on the
movable second portion 152. As the inner shaft 114 moves distally during actuation of the
device 102, the sloped surface 140 at the distal end of the inner shaft (see FIG. 15) can
contact the sloped surface 154 at the proximal end of the suture holder, and the engagement
of these sloped surfaces causes the movable second portion 150 of the suture holder to move
toward the first portion 152 and close the suture holder to the closed position. In the closed
position, as shown in FIGS. 19 and 20, the inner surface 142 of the inner shaft 114 overlies
outer surfaces of the suture holder 128 and retains it in the closed position. In FIG. 19, the
outer shaft 112 is partially cut away in order to better illustrate other components within the

outer shaft.

[084] As best shown in FIGS. 23-25, the suture holder 128 can include a biasing
mechanism 158, such a resiliently flexible connector or spring member, that couples the
first and second portions of the suture holder together, allows for controlled motion between
the open and closed positions, and biases the suture holder toward the open position. Due to
the opening bias, when the inner shaft 114 is retracted proximally and it moves out of
restraining contact with the outer surfaces of the suture holder, the suture holder can
resiliently move back to the open position, releasing the fused together sutures held in the

suture holder.

[085] As best shown in FIG. 17, the suture holder 128 can include one or more grooves or
recesses (e.g. 160, 162) and/or one or more ridges or projections (e.g., 164, 166) on
opposing surfaces of the first and second portions 150, 152 of the suture holder to enhance
its ability to securely grip received sutures and keep them from moving longitudinally

relative to the suture holder in the closed position. For example, the ridge 164 can
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cooperate with the groove 160 to pinch or kink held sutures, and the ridge 166 can
cooperate with the groove 162 to pinch or kink held sutures. In some embodiments, other
forms of traction enhancement can be provided, such as surface texturing or teeth, to help

grip the sutures.

[086] 'The suture holder 128 can further comprises a proximal recess or cup 156 formed
between the first and second portions 150, 152 of the suture holder when in the closed
position (FIG. 22). The distal floor of this cup 156 can be formed, for example, by walls of
the ridge 166 and the groove 168. The cup 156 can be generally cylindrical in shape, or can
taper is diameter moving distally, or can have other shapes. In the closed position, held
sutures 130 pass through the cup 156 proximally before bending radially outwardly and

exiting through the lateral slots 144, 136 in the inner and outer shafts.

[087] The cup 156 of the suture holder 128 can receive a distal end of the heating element
124, which can have a diameter slightly smaller than the inner diameter of the cup, when the
device 102 is actuated and the heating element moves distally within the outer shaft 112.

As the heating element moves into proximity with the cup 156, the heating element can
contact the held sutures 130 and begin to melt them. As the heating element 124 enters the
cup 156, the free ends 132 of the suture can be severed off. Within the cup 156, the
remaining ends of the held sutures 130 can be melted and fused together, forming a fused
region that conforms generally to the shape of the cup and the distal end of the heating
element 124. When the heating element is subsequently retracted proximally from the cup
156, the fused portion of the sutures 130 can cool and harden, forming a secure connection
between the sutures. Any number of sutures can be cut and/or fused at the same time in this
manner, though typically two sutures are acted upon at a time. The fused portion of the
sutures can be small enough such that, when the suture holder 128 opens, the fused portion
of the sutures can slide distally out of the device 102 through the central opening 170 of the
suture collar 126. In some embodiments, surfaces of the suture holder 128 can be coated

with a non-stick material, such as PTFE, to help release the fused sutures.

[088] An exemplary method of using the device 102 can comprise the following. One or
more sutures can initially be placed in a subject, be it a human patient or animal. The

placed suture or sutures can have free portions extending from the subject that require
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securement at a desired tension. Instead of tying the free portions in knots or applying
bulky clips to secure the sutures, the device 102 can be used to fuse the sutures together to

secure them and/or cut off the remaining free portions.

[089] Intermediate portions of the tensioned sutures (i.e., portions of the sutures spaced
from ends of the sutures) can be laterally inserted into the distal end portion of the shaft
portion 106 of the device 102. To do this, the distal end of the shaft portion 106 of the
device can be placed adjacent to the location where a suture exits the tissue or other
structure of the subject. While the suture is manually held under tension, an intermediate
portion of the suture can be forced to move laterally into the radial slot 172 of the suture
collar 128 and into the lateral slot 136 of the outer shaft 112. This can be done by urging
the shaft portion 112 (in the open position) against the side of a tensed suture, for example.
As the suture moves radially inwardly through the radial slot 172, it can contact the lateral
gate 172, causing it to open inwardly, and allowing the suture to move into the central
opening 170 of the suture collar 126. The suture also moves laterally into the open suture

holder between the first and second portions 150, 152,

[090] Once the sutures have been collared within the central opening 170 of the suture
collar 126, the tension on the sutures can be manually adjusted to a desired level by pulling
the ends 132 of the sutures and/or by pressing the distal end of the shaft portion 106 against
the tissue or structure from which the sutures project. Once the sutures are collared and

under the desired tension, the device 102 can be actuated.

[091] Pulling the trigger 110, or otherwise causing actuation of the device 102, causes the
inner shaft 114 and heating element 124 to move distally relative to the outer shaft 112,
suture collar 126, and suture holder 128. Distal motion of the inner shaft 114 causes contact
between the slope surface 140 of the inner shaft and the sloped surface 154 of the suture
holder 128, which closes the suture holder and grips the sutures at the desired tension. For
example, actuation of the device 102 can be done while the distal end of the shaft portion
106 is pressed against tissue around the suture exit point to maintain the desired tension.
Actuation of the device 102 also causes the heating element 124 to heat up and move into
contact with the sutures proximal to the gripping location of the sutures. The heating

element 124 can be fully heated to an operative temperature before it contacts the sutures, or
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can be partially heated at contact with the sutures, in order to provide desired cutting and
fusing properties. Once in contact with the sutures, the heating element 124 can be
maintained in contact with the sutures at the operative temperature for a period of time, such
as up to 5 seconds, such as 2 to 3 seconds, to fully fuse and/or sever the sutures. The
heating element 124 then be retracted or allowed to remain in contact with the sutures in the
closed/actuated position for an additional period of time, such as up to another 10 seconds,
such as 4-5 seconds, to allow the heating element to cool down and allow the fused portion
of the sutures to cool and harden while the distal end of the heating element remains
inserted into the cup 156 to provide a mold wall that helps shape and contain the cooling
fused portion until it is fully solid. The electronics 118 in the handle portion 104 can
control the time period before the current to the heating element is reduced or turned off to
allow it to cool down. For example, the electronics 118 can apply power to the heating
element for a predetermined period of time after the trigger 110 is fully actuated. In other
embodiments, temperature sensors can be located at or near the heating element and/or the
suture holder and can sense the temperature of the heating element and/or the fused portion
of the sutures and can feed such temperature data back to the electronics such that the
electronics can determine when to provide and/or cut the power to the heating element
based on the sensed temperature date. In other embodiments, sensed temperature data can
be displayed at the handle or elsewhere to allow a user to decide, based on the displayed
temperature data, when to release the trigger 110, or otherwise de-actuate the device, and
separate the heating element from the fused sutures. The vents 146, 147 in the inner shaft,
vents in the outer shaft, and lateral slots 136, 134 in the shafts can provide enhanced cooling
of the heating element by allowing airflow and convection cooling, such that the cooling

time needed can be reduced, and desirably shortening the entire process.

[092] When the device is de-actuated, the heating element 124 and inner shaft return
distally within the outer shaft and the suture holder 128 can resiliently open, releasing the

fused sutures to slide out of the device through the central opening 170 of the collar 126.

[093] The device 102 can be reusable any number of time to subsequently secure and/or
cut additional sutures. After releasing one fused group of sutures, the device can be

immediately ready to be reused on other sutures. Further, in many embodiments, no clips or
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other devices or materials are consumed by the device or need to be loaded into the device
prior to use. However, in other embodiments, the device 102 can be configured to be used

to deploy a suture clip or to sutures, such as described with the embodiments of FIGS. 6-11.

[094] In still other embodiments and methods, the device 102 can be used with a fusing
sleeve to help fusing the sutures together. For example, FIG. 27 shows the device 102 with
an exemplary fusing sleeve 200 positioned around the sutures 130 within the suture holder
128, such as in the cup portion 156 of the suture holder. The suture holder 128 may be
slightly larger in such embodiments to accommodate the fusing sleeve 200. When the
device 102 is actuated, the heating element 124 can melt and/or shrink the sleeve 200 to
help secure the sutures together. In some cases, the sutures and the sleeve 200 can melt and
fuse together to form a single fuse. In some cases, the sutures may comprise a material that
does not naturally fuse together well, and the sleeve 200 can provide or strengthen the bond
between the sutures. In some cases, the sleeve 200 may shrink circumferentially instead of
or in addition to melting, thereby constricting around the sutures to hold them together. The
sleeve 200 can comprise a polymeric material, such as a thermoplastic or thermoset. For
example, the sleeve 200 can comprise LDPE, HDPE, PEBAX, PU, and/or other polymers.
In other embodiments, the sleeve 200 can comprise materials other than polymers that can
melt, shrink, and/or fuse together to the sutures to strengthen the attachment between the
sutures. The sleeve 200 can be positioned around the sutures prior to inserting the sutures
into the suture holder. With the sleeve 200 positioned around the sutures, the sleeve can be
inserted laterally through the slot in the outer shaft and into the cup portion 156 of the suture

holder along with the sutures, and then the device can be actuated.

[095] In some embodiments, the device 102 can further comprise an active cooling
system to speed up the cooling process after the heating element has fused the sutures
together. Such an active cooling system can be included as an alternative to, or in addition
to, a passive cooling systems, such as the radial vents 146, 147. In some embodiments, an
active cooling system can comprise an air conduit extending along the shaft portion, such as
along the outer shaft, from the handle portion to adjacent the suture holder. The air conduit
can be coupled to a pressurized air source that blows air over the suture holder, the heating

element, and/or the fused sutures to speed up the cooling process. For example, the air
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source can be an external air supply source in an operating room or can be a pump in the

handle portion of the device.

[096] Some embodiments of devices disclosed herein can be used to fuse sutures
extending from opposite directions through the device, rather than sutures that extend in the
same direction as is shown in FIG. 4. For example, one or more sutures can extend from a
first exit point in the tissue or a prosthetic device, into the device through a lateral slot in the
outer shaft, through the suture holder, through the suture collar, and have its free end or
ends extending out from the suture collar. One or more other sutures can extend from a
second exit point in the tissue or the prosthetic device, into the device through the suture
collar, through the suture holder, and have free end or ends extending out through the lateral
slot in the outer shaft, such that the sutures lay generally parallel through the device but
extend in opposite directions from the different exit points. In such an arrangement, the
oppositely extending sutures can be fused together with the device with their free ends
projecting in opposite directions. This can result in the fused sutures being able to lay flat
against a surface of the tissue or a surface of the prosthetic device between the exit points of
the opposing sutures. This can also reduce the risk of the fused connection failing when

tension is applied to the fuse due the two sutures being pulled in opposite directions.

[097] Any suitable materials can be used in the construction of the device 102, For
example, the housing, trigger, inner and outer shafts, heating element, suture holder, and/or
suture collar can all comprise stainless steel and/or other suitable materials. The
components of the device 102 are desirable sufficiently rigid to be structurally supportive,
have sufficient resilient deformability, such as in the case of the lateral gate of the suture
collar and suture holder biasing member, have sufficient resistance to heat released by the
heating element, do not bond with the suture material, are non-toxic and otherwise not

physiologically harmful, can be sterilized, and/or have other desirable properties.

[098] TFor purposes of this description, certain aspects, advantages, and novel features of
the embodiments of this disclosure are described herein. The disclosed methods, devices,
and systems should not be construed as limiting in any way. Instead, the present disclosure
is directed toward all novel and nonobvious features and aspects of the various disclosed

embodiments, alone and in various combinations and sub-combinations with one another.
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The methods, devices, and systems are not limited to any specific aspect or feature or
combination thereof, nor do the disclosed embodiments require that any one or more

specific advantages be present or problems be solved.

[099] Although the operations of some of the disclosed methods are described in a
particular, sequential order for convenient presentation, it should be understood that this
manner of description encompasses rearrangement, unless a particular ordering is required
by specific language. For example, operations described sequentially may in some cases be
rearranged or performed concurrently. Moreover, for the sake of simplicity, the attached
figures may not show the various ways in which the disclosed methods can be used in

conjunction with other methods.

[0100] As used herein, the term “and/or” used in a list of elements means any one or more
of the listed elements. For example, the phrase “A, B, and/or C” means “A,” “B,” “C,” “A

and B,” “A and C,” “B and C” or “A, B and C.”

[0101] As used herein, the term “coupled” generally means physically or electrically linked
and does not exclude the presence of intermediate elements between the coupled items

absent specific contrary language.

[0102] In view of the many possible embodiments to which the principles disclosed herein
may be applied, it should be recognized that the illustrated embodiments are only preferred
examples and should not be taken as limiting the scope of the disclosure. Rather, the scope
of the disclosure is at least as broad as the following claims. We therefore claim all that

comes within the scope of these claims.
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1. A suture securement device, comprising:
a handle;

an elongated outer shaft having a proximal end portion coupled to the handle and a
distal end portion opposite the proximal end;

an inner shaft movable proximally and distally within the outer shaft;

a suture holder at the distal end portion of the outer shaft, the suture holder having
an open position and a closed position, wherein in the open position the suture holder is
configured to receive sutures, and in the closed position the suture holder is configured to
hold sutures and prevent longitudinal movement of held sutures relative to the outer shaft;
and

an electrical heating element positioned within the outer shaft;

wherein actuation of the device causes the inner shaft and the heating element to
move distally relative to the outer shaft and the suture holder, such that the distal end
portion of the inner shaft causes the suture holder to move from the open position to the
closed position, and such that the heating element moves into the proximity of the suture

holder to fuse together sutures held by the suture holder.

2. The device of claim 1, wherein the suture holder comprises a first portion
and a second portion that are hingedly coupled together for articulation between the open

position and the closed position.

3. The device of claim 1, wherein a first portion of the suture holder is fixed
relative to the outer shaft and a second portion of the suture holder moves between the open

position and the closed position.

4. The device of claim 1, wherein the suture holder has a sloped proximal

surface and the inner shaft has a sloped distal surface, and contact between the sloped
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proximal surface and the sloped distal surface upon distal movement of the inner shaft

causes the suture holder to close.

5. The device of claim 1, wherein the suture holder comprises a proximal recess

and the heating element is moveable at least partially into the proximal recess.

6. The device of claim 1, wherein the heating element is configured to cut off
free ends of the sutures held by the suture holder as the heating elements moves into the

proximity of the suture holder.

7. The device of claim 2, wherein the first and second portions of the suture
holder are coupled by an elastically flexible hinge that biases the first and second portions
toward the open position, such that the suture holder releases the fused sutures when the

inner shaft moves proximally off of the suture holder.

8. The device of claim 1, wherein the inner shaft comprises a longitudinal slot
at the distal end portion of the inner shaft and, in the closed position, free ends of sutures

held by the suture holder extend out of the device through the longitudinal slot.

9. The device of claim 1, wherein the outer shaft comprises a longitudinal slot
at the distal end portion of the outer shaft and, in the open position, free ends of sutures
received by the suture holder extend out of the device through the longitudinal slot to allow

manual tensioning of the sutures.

10. The device of claim 1, wherein the heating element is positioned within the
inner shaft and the inner shaft comprises at least two radial openings adjacent to the heating

element to vent heat from the heating element.

11. The device of claim 1, wherein the suture holder is configured to receive the

sutures with a heat-activated sleeve positioned around the sutures, such that the sleeve is
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received within the suture holder and the sleeve fuses to the sutures in response to heat from

the heating element.

12. The device of claim 2, wherein the first and second portions of the suture
holder are both configured to move relative to the outer shaft when the suture holder

articulates between the open and closed positions.

13. The device of claim 3, wherein the first portion of the suture holder is fixed

to a proximal side of a suture collar at the distal end of the outer shaft.

14, The device of claim 13, wherein the suture collar comprises a central
opening for collaring sutures received by the suture holder, and a lateral gate that allows
sutures to enter laterally into the central opening in a radially inward direction through the
lateral gate, and the lateral gate blocks sutures from exiting the central opening in a radially

outward direction.

15. The device of claim 14, wherein the outer shaft comprises a slot extending
proximally from a distal end of the outer shaft, the slot being circumferentially aligned with
the lateral gate in the suture collar and a lateral opening in the suture holder such that an
intermediate portion of a suture can be laterally inserted through the slot and through the

lateral gate and into the central opening and into the suture holder.

16. The device of claim 1, further comprising an air conduit extending from the
handle to the distal end portion of the outer shaft and configured to conduct air to the distal

end portion of the outer shaft to help cool the heating element or fused sutures.

17. A suture securement device, comprising:
a handle;
an elongated outer shaft having a proximal end portion coupled to the handle and a

distal end portion opposite the proximal end;



WO 2014/100545 PCT/US2013/076825

_28 -

a suture collar at the distal end portion of the outer shaft, the suture collar having a
central opening for collaring sutures and a lateral gate that allows an intermediate portion of
a suture to enter laterally into the central opening in a radially inward direction through the
lateral gate, and the gate blocks sutures from exiting the central opening in a radially
outward direction; and

an electrical heating element positioned within the outer shaft;

wherein actuation of the device causes the heating element to fuse together sutures

collared by the suture collar.

18. The device of claim 17, wherein the suture collar is generally disk-shaped
and further comprises a generally wedge-shaped slot extending radially from a radially

outer perimeter of the suture collar to the lateral gate.

19. The device of claim 17, wherein the lateral gate comprises an elastically

flexible flap that deflects to allow sutures to pass into the central opening.

20. The device of claim 19, wherein radially inward force from a suture causes

the flap to elastically deflect into the central opening to open the lateral gate.

21. The device of claim 17, wherein the outer shaft comprises a slot extending
proximally from a distal end of the outer shaft, the slot being circumferentially aligned with
the lateral gate in the suture collar such that intermediate portions of a sutures can be
laterally inserted through the slot in the outer shaft and through the lateral gate and into the

central opening to collar the sutures.

22. A suture securement device, comprising:
a handle portion comprising a trigger and an electrical power source; and
an elongated shaft portion extending from the handle portion, the shaft portion

comprising:
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a tubular outer shaft having a proximal end attached to the handle portion, a
distal end opposite the proximal end, an inner lumen, and an outer slot extending proximally
from the distal end of the outer shaft;

an inner shaft having a proximal end coupled to the trigger, a distal end
opposite the proximal end, an inner slot extending proximally from the distal end of the
inner shaft, the inner shaft being movable longitudinally within the inner lumen of the outer
shaft via actuation of the trigger;

a suture collar at the distal end of the outer shaft, the suture collar having a
central opening for collaring sutures and a lateral gate that allows sutures to laterally enter
into the central opening in a radially inward direction via the outer slot in the outer shaft,
and the gate blocks sutures from exiting the central opening in a radially outward direction;

a suture holder comprising a first portion and a second portion that are
hingedly coupled together, the first portion being attached to a proximal side of the suture
collar and the second portion being free to articulate between an open position and a closed
position, wherein in the open position the suture holder is configured to receive sutures
between the first and second portions that extend through the central opening of the suture
collar, and in the closed position the first and second portions of the suture holder close
together to grip the sutures and prevent longitudinal movement of the sutures relative to the
shaft portion; and

a heating element positioned within the inner shaft near the distal end of the
inner shaft, the heating element being electrically coupled to the electrical power source;

wherein actuation of the trigger causes the inner shaft and the heating element to
move distally relative to the outer shaft, the suture collar, and the suture holder, such that
the distal end of the inner shaft moves over the suture holder and causes the second portion
of the suture holder to articulate to the closed position, and such that a distal end of the
heating element moves into a proximal recess in the suture holder, cuts off free ends of the

held sutures, and fuses together remaining ends of the sutures within the suture holder.
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