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(57) Abstract: Disclosed herein are suture clip delivery devices that can be loaded with several flat, disk-shaped suture clips and can
deploy the suture clips one after another onto respective sutures without reloading the device with additional suture clips. An exem -
plary device includes a handle portion with an actuation mechanism that 1s coupled to a shatt portion that holds and deploys the su -

e ture clips. The shaft portion includes a mandrel on which the suture clips are mounted and a retainer that restricts the suture clips
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from moving proximally when the actuation mechanism pulls the mandrel proximally, which causes a distal-most suture clip to slide
off the mandrel and be deployed onto one or more suture. The mandrel and remaining suture clips can them move distally to prepare
to deploy the next suture clip.
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SUTURE CLIP DEPLOYMENT DEVICES

CROSS-REFERENCE TO RELATED APPLICATIONS

(001] This application claims the benefit of U.S. Provisional Patent Application No.
62/096,749 filed December 24, 2014, which is incorporated by reference herein in its entirety,

[002] This application is also related to U.S. Patent Application No. 14/868,741, filed
September 29, 2015; U.S. Patent Application No. 14/543,240, tiled November 17, 2014; U.S.
Patent No. 9.017,347, issued on April 28, 2015; U.S. Patent Application No, 13/938,071, filed
July 9, 2013; U.S. Patent Application No. 14/307,694, filed June 18, 2014; U.S. Patent
Application No. 14/329,797, filed July 11, 2014, U.S. Patent Application No. 14/965,323, filed
December 10, 2015; and U.S. Patent Application No. 14/658,575, filed March 16, 20135; all

which are incorporated by reference herein in their entireties.

FIELD

[003] This disclosure relates to suture clips and devices and methods for securing sutures using

suture clips.

BACKGROUND

[004] Sutures are used for a variety of surgical purposes, such as approximation of tissue¢ and
ligation of tissue. When placing sutures, the strand of suture material to be used typically has a
needle affixed to one end which is passed (looped) through the tissue to be approximated or
ligated, forming a stitch. The stitch is then tensioned appropriately, and the two free ends of the
suture loop, the needle end and the non-needle end, are knotted to retain the desired tension in
the stitch. Forming knots in suture during open surgery is a simple matter, though time-
consuming, but forming knots in sutures during endoscopic surgery can require two surgeons to
cooperate in a multi-step process which 1s performed with multiple instruments to pass the

needle and suture back and forth to tie the suture knot.

[005] Suture locking devices that eliminate the need to tie knots in order to speed up surgical
procedures are known. Suture retainers or locks are used in place of suture knots to prevent

passage of a suture end into and through tissue and to maintain the tension applied to the suture

material during a suturing procedure.
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[(006] When using a method that employs a clip to secure sutures, the clip can be delivered by
advancing the clip along the suture lines to the area of interest, and then engaging the clip to the
sutures such that the clip secures the sutures in place. With the clip thus secured, the excess
sutures can be cut and removed from the patient. However, deployment of several suture clips
during a procedure can be very time consuming, difficult to accomplish without error, and prone
to inconsistent tensioning from one clip to the next. In light of the foregoing, there i1s presently a

need for improved systems for securing sutures with suture clips.

SUMMARY

[007] Disclosed herein are improved suture clip delivery devices that can be loaded with and
deliver several suture clips to respective sutures in succession without reloading the device with
additional suture clips. Disclosed devices and methods can be useful for securing heart valve
repair devices or valve replacement prostheses in or near the heart, for example. The devices
and methods can also be used for various other types of surgical procedures. The devices and
methods disclosed herein can eliminate the need for suture knots, thus reducing surgical time
and exposure. Further, the disclosed devices and methods can improve the ease of implantation

because the clinician need not tie knots in the limited space in and around the target anatomy.

[008] An exemplary disk-shaped suture clip disclosed herein includes an annular outer body,
one or more resiliently deformable flaps that project radially inwardly from the annular outer
body and define a suture engagement aperture for frictionally engaging one or more sutures
passing therethrough, and one or more tabs projecting radially outwardly from the annular outer
body. The suture clip is generally disk-shaped with the outer body, flaps, and tabs being
substantially coplanar when the suture clip in its natural configuration. The one or more tabs
project radially outwardly from the outer perimeter of the annular outer body. In some
embodiments, the clip includes two or more radially projecting tabs spaced about the outer
perimeter of the annular outer body. The suture clip has a resiliently deformed configuration
when mounted on the delivery device, wherein the one or more resiliently deformable {laps are
deflected out of a plane defined by the annular outer body and the one or more tabs, such that

the suture engagement aperture enlarges sufficiently to receive a mandrel of the device.

[009] Some embodiments of suture clip delivery devices described herein comprise a proximal
handle portion including an actuation mechanism and a shaft portion including a mandrel loaded

with plural suture clips. The mandrel has an inner lumen for receiving sutures, a proximal end
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portion coupled to the actuation mechanism, and a distal end portion having a distal opening in
communication with the inner lumen. The suture clips are mounted annularly around the distal
end portion of the mandrel. The suture clips are generally disk shaped and have a diameter
oriented in the radial dimension of the shaft portion and a thickness oriented in the axial

dimension of the shaft portion, wherein the thickness 1s substantially smaller than the diameter.

[010] The actuation mechanism causes the mandrel to move proximally relative to the suture
clips, such that a distal-most one of the suture clips slides off of a distal end of the mandrel and
onto one or more sutures extending into the distal opening of the mandrel. After the distal-most
one of the suture clips is deployed onto one or more sutures, the actuation mechanism causes the
mandrel and a remaining portion of the suture clips to move distally relative to the handle
portion such that a distal-most one of the remaining portion of the suture clips is ready to be

successively deployed.

[011] The shaft portion can also include a retainer positioned at least partially around the
mandrel and coupled to the actuation mechanism independently of the mandrel. The retainer is
configured to restrict the suture clips from moving proximally relative to the handle portion
when the mandrel moves proximally relative to the handle portion. The actuation mechanism
causes the retainer to rotate relative to the mandrel and the suture clips. This rotation can cause
cutting of the one or more sutures and/or can free the suture clips to move distally along with the
mandrel relative to the handle portion.

[012] The retainer can include at least one axially extending slot that includes a plurality of
circumferentially extending notches. The radially extending tabs on the suture clips can project
into the axially extending slot in the retainer and can be positioned in respective ones of the
circumferentially extending notches. The retainer can have a first rotational position wherein
the suture clip tabs are positioned in the notches, such that axial motion of the suture chps
relative to the retainer is restricted, and the retainer can have a second rotational position
wherein the suture clip tabs are not positioned in the notches and the suture clips are allowed to
move axially relative to the retainer. In the second position, the clips can move distally along
with the mandrel to reset the device after each suture clip deployment.

[013] In some embodiments, the shaft portion includes an electrical heating element positioned
at a distal end of the mandrel and the heating element is configured to cut a suture after a suture
clip is deployed onto the suture. The heating element can be coupled to a switch in the handle

portion that is activated for a short time when the actuator 1s depressed.
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[014] A further understanding of the features and advantages of the disclosed technology will

become apparent from a consideration of the following detailed description.

BRIEF DESCRIPTION OF THE DRAWINGS
[015] FIG. 1 shows an exemplary suture chip delivery device.
[016] FIG. 2 is an exploded view of the device of FIG. 1.

[017] FIG. 3 is an enlarged view of a distal portion of FIG. 2, showing an exploded view of a

distal end of a shaft portion of the device loaded with several suture clips.
(018] FIG. 4 is an enlarged view of a portion of FIG. 3 showing a suture clip retainer.

[019] FIG. 5 is an enlarged view of a portion of FIG. 3 showing a support mandrel supporting

several suture clips.

(020] FIG. 6 is a plan view of an exemplary suture clip that can be used with the disclosed

delivery devices.

[021] FIG. 7 shows a distal end of the delivery device of FIG. 1 showing sutures inserted into

device and ready for delivery of a suture clip onto the sutures.

[022] FIG. 8 shows the distal end of the delivery device with sutures inserted into device and

the support mandrel retracted to cause a distal-most suture clip to be deployed onto the sutures.

[023] FIG. 9 shows the distal end of the delivery device with the suture clip deployed onto the
sutures and the clip retainer rotated to cut oft free ends of the sutures and release the suture clips

from the retainer.

(024] FIG. 10 shows the distal end of the delivery device after the distal-most suture clip has
been deployed onto the sutures and has be removed from the delivery device, and after the
support mandrel has been advanced again to advance the remaining suture clips such that the

next most distal suture clip 1s ready to be deployed onto another suture or sutures.

[025] FIG. 11 is an enlarged exploded view of a handle portion of the delivery device of FIG.
.

[026] FIGS. 12-15 are perspective views of an actuation mechanism within the handle portion
shown in FIG. 11, illustrating the motion of the actuation mechanism in four sequential

positions.
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[027] FIGS. 16-19 are side views that correspond with the sequential positions shown in FIGS.
12-135.

(028] FIG. 20 shows another embodiment of suture clip deployment device.

[(029] FIG. 21 is an exploded view of the device of FIG. 20, showing sutures extending entirely
through the shaft. Sutures can be pulled out through the rear end of the device.

[030] FIG. 22 shows an exemplary snare for pulling sutures through the device of FIG. 21.

[031] FIG. 23 is an exploded view of an exemplary suture clip deployment device that includes

an electrically powered heating system for cutting sutures using heat.

[032] FIG. 24 shows an electric heating element at the distal end of the shaft of the device ot
FIG. 23.

DETAILED DESCRIPTION

[033] Described herein are devices and methods for securing sutures with suture clips. FIGS.
1-5 and 7-19 illustrate an exemplary suture clip deployment device 2. The device 2 can be
loaded with one or more suture clips, such as the exemplary disk-shaped suture clip 18 shown In
FIG. 6, and can be used to deploy loaded suture clips 1n succession onto one or more sutures,
such as during implantation of a prosthetic device within the heart. While any of the disclosed
suture clips can be used to secure a single suture, or can be used to secure plural sutures or
suture segments at the same time, this description proceeds with reference to non-limiting

examples wherein each suture clip is deployed onto two sutures segments for ease ot description

only.

(034] As shown in FIG. 1, the device 2 comprises a handle portion 4 that can be held and
actuated by a user and a shaft portion 6 that can be inserted into the body, at least partially, to
deploy suture clips onto sutures in hard to reach regions within the body in a minimally invasive
manner. The handle portion 4 includes an actuator, or trigger, 8 that can be depressed by a user
to deploy a suture clip onto one or more sutures and cut of the free end of the sutures. Releasing
the actuator 8 can cause another suture clip loaded in the device 2 to move forward and be ready
for deployment the next time the actuator is depressed. The distal end of the shaft portion 6 is
not shown in FIG. 1. The device 2 can be used with any suitable suture clips, such as the suture

clips 18 described herein or their equivalents.

[035] The disclosed suture clip delivery devices can be used for many different procedures

where sutures are used, such as to secure an artificial heart valve or other prosthetic device with
5
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the heart, to repair or treat native organs or tissues, to close openings or occlude lumens within
the body, or for other procedures. Additional information regarding procedures for which the
disclosed suture clip delivery devices can be used, and other information regarding exemplary
suture clips and suture clip delivery devices, are disclosed 1n the following reterences, the entire
contents of which are expressly incorporated by reference herein: U.S. Patent Nos. 6,626,930;
7.094.244:; 7.083,628; and 7,381,210; and U.S. Patent Application Publication Nos.
2007/0005079 and 2013/01659353.

[036] FIG. 2 is an exploded view of the device 2. The distal portion 10 of the shaft portion 6
is shown at the right of FIG. 2, and is further illustrated in FIGS. 3-5. The shatt portion 6
includes a tubular outer shaft 12 that is fixed at its proximal end to the housing 20 of the héndle
portion, a suture clip retainer 14 that positioned within the outer shaft 12, a clip support mandre]
16 positioned within the retainer 14, and a plurality of suture clips 18 mounted on the mandrel

16 within the retainer 14.

[037] As shown in more detail in FIGS. 11-19, the handle portion 4 includes left and right
portions of a housing 20, thé actuator 8, gears 22, cam 24, cam follower 26, follower spring 28,
and bracket 80. While the actuation of the device 2 i1s described in more detail below, the
following brief summary is provided here. Depressing the actuator 8 rotates the gears 22 and
cam 24, which causes the cam follower 26 to move proximally (rearwardly), pulling the mandrel
16 proximally along with the cam follower. The rotation of the gears 22 can also turn the
bracket 80, which causes the retainer 14 to rotate. Rotation of the retainer 14 cuts off free ends
of the sutures to which a suture clip 18 is secured and also releases the tabs of the suture clips
from notches in the retainer so that the clips can slide distally through the retainer after each
suture clip is deployed. Releasing the actuator 8 then allows the spring 28 to push the cam
follower 26 and support mandrel 16 distally, and also rotates the cam 24, gears 22, and bracket
80 in the opposite direction, causing the retainer to rotate back to its original position. The

Actuator 8 can pivot about a point 84 near the bottom of the handle and be biased forward with a

spring or the like.

[038] FIG. 3 shows the distal end of the shaft portion 6 with the various components exploded,
though the outer shaft 12, retainer 14, and mandrel 16 all terminate with their distal ends at

about the same axial position in the assembled device, as shown in FI1G. 7.

[039] The distal end of the retainer 14 is shown in more detail in FIG. 4. The retainer 14 also
includes a proximal portion that extends through the outer shaft 12 and into the handle portion 4,

and is coupled to the actuation mechanism so that the retainer can be rotated about the shaft axis

6
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when the actuator 8 is depressed. The retainer 14 is generally tubular and includes an inner
lumen through which the mandrel 16 extends. The distal end of the retainer, as shown in FIG. 4,
includes an annular distal collar 30 and one or more elongated slots 34 that extend proximally
from behind the collar 30. Each of the slots 34 includes a plurality of notches 36 at regularly
spaced intervals along the axial length of the slot. In the illustrated example, the retainer 14
includes two slots 34 on diametrically opposite sides of the retainer. The number, size, and
spacing of the slots 34 can correspond to the configuration of the suture clips that the device can
be used with. For example, the suture clips 18 (see FIGS. 5 and 6) include two opposing tabs 54
that correspond with the two opposing slots 34 in the retainer. In other embodiments, suture
clips with only one tab may be used, and a corresponding retainer with one slot 34 can be used.
In still other embodiments, suture clips with three or more tabs can be used with a retainer that
has a corresponding number of slots in a corresponding angular orientation. Similarly, the
number of the notches 36 can correspond to the number of suture clips 18 that can be loaded nto
the device. In various embodiments, the retainer 14 can have any number of notches 36 along

each slot 34 to allow the device to be loaded with a corresponding number of suture clips.

[040] FIG. 5 shows the distal end of the mandrel 16 with several suture clips 18 loaded on it.
The mandrel 16 can have a generally rectangular cross-sectional shape, as shown, or other non-
circular cross-sectional shapes. The mandrel 16 can also include an inner lumen 44 that extends
at least partially through the mandrel from the distal end of the mandrel. In some embodiments,
the inner lumen extends all or most of the way through the mandrel 16 with a proximal exit
within or adjacent the handle portion 4. The mandrel 16 can also include a lateral opening 46

near the distal end of the mandrel that communicates with the inner Iymen 44.

(041] The mandrel 16 has an outer profile that is shaped to fit through the suture clips 18 with
a friction fit as shown in FIG. 5. When loaded on the mandrel 16, the suture clips are resiliently
deformed such that they pinch onto the sides 48 of the mandrel while the top and bottom
surfaces 50 of the mandrel can be positioned closely with inner surfaces of the suture clips to

keep them snuggly supported on the mandrel with minimal play allowed in the directions

perpendicular to the shaft axis.

(042]  FIG. 6 is a plan view of an exemplary suture clip 18. The clip 18 has a thin thickness,
or depth, (dimension perpendicular to the page in F1G. 6) relative to its major dimension, or
diameter. The thickness can be relatively uniform for the whole clip, and can be substantially

smaller relative to the diameter of the clip (left-to-right dimension in FIG. 6), such as less than
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25%, of the diameter, less than 15% of the diameter, less than 10% of the diameter, and/or less

than 5% of the diameter.

[043] The clip 18 is generally disk shaped with two suture engagement flaps 56 that project
inwardly toward each other and define a suture engagement slot 58. The suture engagement slot
58 can include a tortuous portion 60 at either end to prevent sutures that are pinched between the
flaps 56 in the suture engagement slot 58 from sliding laterally out of the slot 58 into either of
the arcuate slots 62 that extend from the ends of the slot 58. The arcuate slots 62 space the flaps
56 from an outer annular portion 64 of the clip 18 and allow the flaps 56 to articulate out of the
plane of FIG. 6 while the outer annular portion 64 stays generally in.or near the plane of the

FIG. 6. The arcuate slots 62 can include enlarged, rounded end portions 66 that reduce stress
concentrations in the clip material around them when the flaps 56 are resiliently deformed out of

plane. FIG. 6 also shows two tabs 54 at diametrically opposite sides of the clip 18.

(044] The suture clips 18, and other suture clip embodiments, can be made trom a variety ot
materials including, for example, nickel-titanium alloys, shape-memory alloys, stainless steel,
titanium, various plastics, and other biologically-compatible materials. Exemplary suture chps
can be formed from shape memory and/or pseudoelastic materials such as nitinol. In some
embodiments, the suture clips can be formed from nitinol (e.g., with an alloy of nickel at 54.5 -
57% by weight with titanium accounting for the balance except for residual amounts (less than
0.05% each) of oxygen, carbon, and hydrogen) or another shape memory and/or pseudoelastic
material, with the suture clips formed so that the clip assumes its closed position (e.g., the tlat
position shown in FIG. 6) when in the austenite condition (i.e., when generally unstressed at
body temperature). The nitinol can have an austenite finish temperature selected to match the
par’ticular application. For example, an austenite finish temperature of -5 degrees to +15 degrees

Celsius may be selected.

[045] A suture clip can be formed from material that will assume its martensite condition
when subjected to sufficient stress, such as the stress applied to the clip’s engagement flaps 56
and annular outer body 64 when the suture chip 1s mounted onto the mandrel 16, as shown in
FI1G. 5. In such an embodiment, the mandrel 16 applies stress to the engagement flaps 56,
forcing the engagement flaps to open wide enough to receive the mandrel through the slot 58.
The stressed material, including the bent material where the engagement flaps 56 join the
annular outer body 64, is forced into its martensite condition. When the stress 1s removed, such

as when the mandrel slides out from the distal-most clip 18, as depicted in FIG. 8, the material
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returns to its austenite condition so that the annular outer body 64 and the engagement flaps 56

assume their flat shape shown in FIG. 6.

[046] When the clips 18 are loaded onto the mandrel 16, as shown in FIG. 5, the flaps 56 are
resiliently deformed out of plane and the slot 58 enlarges wide enough to accommodate the
width of the mandrel. The clips 18 are loaded on the mandrel 16 with the flaps 56 projecting
proximally, as shown, such that the clips can more readily slide distélly along and off of the
mandrel. Having the flaps 56 extend proximally also allows the distal-most clip 18 to be
positioned with the outer annular portion 64 and flaps 54 at the distal end of the mandrel when

ready for deployment, as shown in FIG. 7.

[047] The clips 18 when loaded on the mandrel 16 can be spaced apart at regular axial intervals
that correspond to the axial spacing of the notches 36 in the axial slots 34 of the retainer 14 (see
FIG. 4). When the device 2 is assembled with the clips 18 loaded, as illustrated in FIG. 7, the
tabs 54 of the clips are positioned in respective ones of the notches 36 and adjacent to or
touching the proximal surfaces 38 of the notches. As shown in FIG. 7, the distal-most clip 18
can be positioned with its tabs 54 in recesses 32 formed in the distal collar 30 of the retainer 14.
The recesses 32, like the surfaces 38, provide a backstop behind the tabs 54 that block the clips

18 from moving proximally relative to the retainer, but allow the clips to move distally relative

to the retainer.

(048] FIG. 7 shows the distal end of the shaft portion 6 of the device 2 in a position ready to
deploy the distal-most clip 18 onto sutures 70. The sutures 70 have been direct into a position
where they extend into the inner lumen 44 of the mandrel 16, out through the lateral opening 46
of the mandrel, through a lateral opening 42 in the retainer 14, and through a lateral opening 72
iﬁ the outer shaft 12. These lateral openings can be generally aligned in this configuration. The
free ends 74 of the sutures are shown projecting from the lateral opening 72 in the outer shatt 12
in FIG. 7. The lateral opening 42 in the retainer 14 1s shown in FIG. 4. The lateral opening 42
can alternatively be located on the opposite side of the retainer from where 1t 1s shown in FIG. 4,
between the symmetrical slots 34 on opposite sides of the retainer. In the configuration shown
in FIG. 7, the lateral openings 46, 42 and 72 are aligned so the sutures 70 can be passed through
them. Passing the sutures through the openings 46, 42, and 72 can be performed in any suitable
manner, such as by using a snare to pull the sutures through the openings. Passing the sutures
through the lateral openings 46, 42, 72 positions the distal-most clip 18 around the sutures 70,
but the distal-most clip is not yet secured onto the sutures. The free ends 74 of the sutures can

then be grasped and a desired tension can be applied to the sutures 70 with the distal end of the

9
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shaft portion 6 and the distal-most clip 18 being positioned adjacent to the location where the

sutures 70 exit from tissue, a prosthetic device, or other substrate.

[049] Once a desired positioning of the distal-most clip 18 relative to the sutures 70 is obtained
and a desired tension is applied to the sutures 70, the distal-most clip can be deployed onto the
sutures 70. As shown in FIG. 8, to deploy the distal-most clip 18 onto sutures, the actuator 8 of
the device 2 is depressed to cause the mandrel 16 to move proximally relative to the shaft
portion 6 and the clips 18. As the mandrel 16 moves proximally, the tabs 54 of the clips 18
carried on the mandrel contact the proximal surfaces 38 of the notches 36 of the retainer 14 and
the proximal surface of the recess 32 in the collar 30 to prevent the clips from moving
proximally with the mandrel. This causes the mandrel 16 to slide through the clips 18 while the
clips are held relatively stationary. The mandrel 16 moves proximally about the distance of one
interval between two adjacent clips. As shown in FI1G. 8, the mandrel 16 has moved proximally
such that the distal end of the mandrel is now in line with the second-most distal clip 18. When
the mandrel exits the distal-most clip, the flaps 56 of the distal-most clip resiliently close back to
the flat position (FIG. 6) and pinch the sutures 70, as shown in FIG. 8. The sutures are desirably
engaged in the portion of the slot 58 between the two tortuous portions 60 (see FI1G. 6).

[050] As shown in FIG. 9, depression of the actuator 8 can also cause the retainer 14 to rotate
about the shaft axis relative to the outer shaft 12, the mandrel 16, the clips 18, and the rest of the
device 2. This rotation can occur after the proximal motion of the mandrel or the two motions
can overlap in time. For example, the rotational motion of the retainer can begin while the
proximal motion of the mandrel in partially complete. The rotational motion of the retainer 14
can have two effects. First, the shearing motion between the lateral opening 42 of the retainer
and the lateral opening 72 of the outer shaft can cut off the [ree ends 74 of the sutures 70.
Second, the rotational motion of the retainer 14 causes the tabs 54 of the clips 18 to exit the
notches 36 of the retainer and become positioned in the open parts of the axial slots 34 (FIG. 9).
This allows the clips 18 to then move axially relative to the retainer 14 as the tabs 54 can travel
along the axial slots 34. At the distal end of the retainer 14, the tabs 54 of the distal-most chp 18

also move angularly about the recesses 32 in the collar 30.

(051] With the free ends 74 of the sutures cut off and the distal-most clip 18 secured onto the
sutures 70, the device 2 can be retract from the clip deployment site, allowing the distal-most

clip to exit the distal end of the device and remain secured to the sutures at the deployment site.

[052] As shown in FIG. 10, when the actuator 8 is released after a suture clip has been

deployed, the mandre! 16 moves distally relative to the retainer 14 and the outer shaft 12, and

10



CA 02971839 2017-06-21

WO 2016/105511 PCT/US2015/0002335

the mandrel carries the remaining chips 18 distally along with it as the tabs 54 travel distally
along the axial slots 34 in the retainer. The notches 36 can optionally include an angled or
rounded distal surface 40 to facilitate the tabs 54 moving distally from adjacent one notch 36 to
adjacent the next notch 36. The distal surfaces 40 can reduce the risk of the tabs 54 getting
caught on the corners of the notches as the clips slide distally through the slots 34. The formerly
second-most distal clip 18 then becomes located at the distal end of the shaft inside the collar 30.
Releasing the actuator 8 also causes the retainer to rotate back the opposite direction, returning
to its original position. As the retainer rotates, the tabs 54 move back into the notches 36, and
the device returns to the ready position shown in FIG. 7, without the sutures 70. The process
illustrated in FIGS. 7-10 can then be repeated to deploy the remaining suture clips 18 to other

sutures.

[053] FIGS. 12-15 are perspective views of the actuation mechanism in the handle portion 2
showing four stages of the actuation sequence, which correspond generally with the four
configurations shown in FIGS. 7-10. FIGS. 16-19 are side views of the actuation mechanism

that correspond to the perspective views shown in FIGS. 12-15.

[054] In the position shown in FIGS. 12 and 16, the actuator 8 is in its forward position and not
depressed. The mandrel 16 and the retainer 14 are in the position shown in FIG. 7. In this
position, the cam follower 26 in its forward or distal position and the following spring 28
attached 1o a proximal aspect 102 of the cam follower is not compressed or 1s 1n 1ts minimally
compressed state. The proximal end of the mandrel 16 is fixed to a distal aspect 100 of the cam
follower 26. The proximal end of the retainer 14 extends into the handle portion 4 and includes
a radial projection 104 that extends into a circumferential slot 106 in the bracket 80. In the view
of FIG. 16, the bracket 80, gears 22, and cam 24 are in their most clockwise rotational position,
in which a first end 108 of the slot 106 is adjacent to or contacting the radial projection 104 of
the retainer and a portion of the cam’s radial bearing surfaces 96 with a minimum radius is In

contact with the cam follower’s lateral aspects 98.

[(055] With reference to FIG. 11, the cam 24 includes rectangular (or other shaped) lateral pegs
92 on either side that fit into correspondingly shaped openings 88 in the gears 22, which fixes
the rotational motion of the cam 24 to that of the gears 22. The cam 24 further includes lateral
projections 94 (e.g., cylindrical shaped as shown) on either side of the rectangular projections,
one of which fits through an opening 95 in the bracket 80, and which lateral projections 94 are
rotationally engaged with the handle housing 20 to allow the cam to rotate but not translate

perpendicular to its rotational axis.
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[056] One or both of the gears 22 can also include a lateral projection 90 that 1s offset radially
from the gear’s rotation axis and which lateral projection 90 fits into a hole 91 1n the bracket 80
to fix the bracket’s rotational motion to that of the gears 22 and the cam 24. When the actuator 8
Is depressed (moves to the right in FIG. 16), the actuator’s upper teeth 82, which are engaged
with the teeth 86 of the gears 22, cause the gears, cam, and bracket to rotate in a corresponding

manner (counter-clockwise in FIG. 16).

[057] As shown in FIGS. 13 and 17, when the cam 24 rotates counter-clockwise, the cam’s
radial bearing surfaces 96 slide across the later aspects 98 of the cam follower 26, the portion of
the radial bearing surfaces in contact in contact with the lateral aspects 98 gradually increases 1n
radius, pushing the cam tollower reawardly (proximally) and compressing the spring 28. As
shown in FIG. 13, the radial bearing surfaces 96 may increase in radius over a selected
circumferential portion, such as between the lines marked 112 and 114, The circumferential
portions of the radial bearing surfaces 96 beyond the lines 112 and 114 can have a continuous
radius, with the portion to the left of line 112 in FIG. 13 having a smaller radius and the portion
below line 114 having a greater radius. Thus, the cam follower 26 and the mandrel 16 only
move axially when the region of the radial bearing surfaces 96 between the lines 112 and 114
are sliding across the lateral aspects 98. This can allow the mandrel 16 to remain axially still
while further depression of the actuator 8 causes the bracket 80 to rotate the retainer 14, and vice
versa. In the position of FIGS. 13 and 17, the cam follower 26 and mandrel 16 are at their
maximally proximal position, but the retainer 14 has not begun to rotate yet, corresponding to
the position shown in FIG. 8. In this position, the bracket 80 has rotated to cause the lateral
projection 104 of the retainer 14 to traverse the slot 106 from the first end 108 (in FIGS. 12 and
16) to the second end 110 of the slot.

[058] As shown in FIGS. 14 and 18, further depression of the actuator 8 and counter-clockwise
motion of the bracket 80 causes the second end 110 of the slot 106 to pivot the lateral projection
104 downward about the shaft axis, rotating the retainer 14. During the rotation of the retainer
14, a uniform radius portion of the radial bearing surfaces 96 can be in contact with the cam
follower 16, keeping the mandrel 16 stationary. FIGS. 14 and 18 show a maximum depression

of the actuator 8, with maximum rotation of the retainer 14, which corresponds to the position

shown in FIG. 9.

[059] As shown in FIGS. 15 and 19, subsequent releasing of the actuator 8 causes (via resilient
biasing forces applied to the actuator) the actuator to recoil back out of the housing 20 (to the

left in FIG. 19) and causes the gears 22, cam 24, and bracket 80 to rotate clockwise. During the
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initial portion of this recoil motion, the bracket slot 106 moves over the lateral projection 104
without rotating the retainer 14, while at the same time the variable radius portion of the cam’s
radial bearing surfaces 96 slides over the lateral aspects 98 of the cam follower 26 to allow the
compressed spring 28 to push the cam tollower and mandrel back distally to their original
position as in FIGS. 12 and 16. At the point shown in FIGS. 15 and 19, which corresponds to
the position shown in FIG. 10, the mandrel 16 has moved back distally and the first end 108 of
the bracket slot 106 contacts the lateral projection 104 and begins pivoting it ﬁpward, thereby
rotating the retainer 14 back toward its original position. Further recoiling of the actuator 8
returns the mechanism back to the position shown in FIGS. 12 and 16, which corresponds to the

position of FIG. 7.

[060] FIGS. 20-24 illustrate another suture clip dehivery device 200 that can be loaded with a
plurality of suture clips, such as the clips 18, and used to successively deploy plural clips onto
sutures, similar to the device 2 disclosed herein. As shown in FIG. 20, the device 200 includes a
handle portion 202 and a shaft portion 204. The shaft portion 204 can include an outer shalft,
retainer, and mandrel similar to those described with device 2, except that in the device 200 the
sutures are drawn all the way through the shaft and out through a proximal opening 206 in the
handle portion, rather than out through a lateral opening in the shaft. The device 200 can also
include a suture tensioner 208 that can be rotated to adjust the tension in the sutures, as well as a
suture tension monitoring system with tension or torque display 210 on the handle. As shown 1n
FIG. 21, sutures 216 are passed through the shaft portion 204, through a winding portion 218 In
the suture tensioner 208, and out through the proximal opening 206. The suture tensioner 208
iIncludes the winding portion 218, which passes laterally through an opening 214 1n one side of
the handle housing 212, and an external knob portion that can be manually rotated to wind the
sutures 216 around the winding portion 218 until a desired tension is applied to the sutures. A
sensor coupled to the tensioner 208 can measure the tension or torque applied and cause the
tension/torque to be displayed on the display 210. Alternatively, a user can pull on the free ends

of the sutures protruding from the opening 206 to adjust the tension.

[061] FIG. 22 shows an exemplary snare 230 that can be used to pull the sutures 216 through
the device 200. The snare 230 includes a rigid shaft 232 and a flexible loop 234 at the distal end
of the shaft. The loop 234 can include angled portions 236 and 238 that allow the loop to
resiliently bias apart toward the opening position shown, and then collapse to a flat shape to pass
through the shaft of the device 200. The snare 230 can be passed through the device 200 with
the collapsed loop 234 being inserted into the proximal opening 206, through the tensioner 208,
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and through the shaft portion 204 (e.g., through the mandrel 264, retainer 262, clips 272, and
outer shaft 260) and out through the distal end ot the device 266 (see F1G. 23). When the loop
234 exits the distal end of the device 200, the loop resiliently opens to form opening 240.
Sutures can then be passed through the opening 240. Retracting the snare 230 proximally back
through the device 200 then causes the loop 234 to collapse and capture the sutures as the
sutures are pulled through the device and out through the proximal opening 206. The snare can

then release the sutures.

[062] Once sutures are loaded through the device 200, the device can be advanced over the
sutures distally toward the location where the sutures exit the tissue or other material to locate
the distal-most suture clip adjacent that location. Desired tension can then be apphed to the
sutures by rotating the tensioner knob 208 and/or pulling on the free ends of the sutures. The
distal-most suture clip can then be deployed onto the sutures using an actuation mechanism
simtlar to that shown in FIGS. 7-19. However, the device 200 can cut off the free ends of the
sutures using a heating element located at the distal end of the shaft rather than using the

shearing motion between the retainer and the outer shaft as in the device 2.

[063] As shown in FIGS. 23 and 24, the device 200 can include an electrical heating element
268 at the distal end of the shaft that includes a heater tip 270 located adjacent to and/or passing
through a lateral opening 276 in the mandrel 264. The heater tip 270 1s sufficiently close to the
sutures that pass through the distal opening 274 in the mandrel and pass through the axial length
of the inner lumen of the mandrel. The heating element 268 is electrically coupled via wires 256
to a heater switch 252 located in the handle portion 202 and a battery 254 located in the handle
portion and/or an external power source. The heater switch 252 can be activated when the
actuator 250 is depressed and can provide power from the battery 254 to the heating element
268. When activated, the heater tip 270 rapidly heats up and cuts (¢.g., melts, burns, etc.) the
sutures just behind the distal-most suture chip 272 that 1s deployed onto the sutures. The heater
tip 270 can heat up in about one second 1in some examples, and can also cool down in about one
second after the power 10 the heating element is ceased. This method of cutting the sutures can
provide a clean end of the cut sutures without frayed fibers, which can occur after a blade-type

cut of a suture. The heat can melt or fuse the suture fibers together at the free end.

[064] In alternative embodiments of the devices disclosed herein, a suture clip can be deployed
onto sutures without cutting the sutures immediately thereafter. After a suture clip is deployed
onto the sutures, the device can be retracted proximally over the free ends of the sutures to allow

a user to inspect the clip deployment location to verify a clip was deployed and check the
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accuracy and viability of the deployment clip. If the clip deployment is undesirable, the clip can
be removed and a new clip can be deployed to the sutures before they are cut. The deployed clip
can also be adjusted and/or the suture tension can be adjusted betore cutting off the free ends of
the sutures. If the clip deployment is sufficient, the device can be moved back distally over the
sutures to adjacent the deployed clip, and the device can be further used to cut off the free ends
of the sutures. In such embodiments, the device can include a double actuation mechanism to
independently deploy the clip and re-cock the device with one user motion, and then cut the
sutures with another user motion. Alternatively, another device can be used to cut the sutures

after the deployment device has been removed.

[065] In some embodiments, a vacuum system can be used to draw free ends sutures into the
lumen of the mandrel. A vacuum source can be provided external to the device, or an internal
vacuum source can be provided, such as within the handle portion. A hose or other conduit can
couple the vacuum source to the shaft portion in order to draw air proximally through the shaft
portion and create a low pressure region within the shaft that draws free ends of sutures in. In
some embodiments, the shaft portion can include an adjustable door that covers and uncovers a
lateral opening passing through the outer shaft, retainer and mandrel. When the door is closed,
low pressure can be created inside the mandrel to draw in sutures. When the door 1s opened, the
sutured can be grasped and pulled out laterally through the door. In other embodiments, the
vacuum can be used to draw sutures all the way through the mandrel into the handle portion
and/or out through a proximal opening in the handle portion. A suture clip deployment device
can be configured to activate the vacuum source when the actuator 1s depressed, or can include a
separate contro! for the vacuum source. Using a vacuum system to draw in sutures can eliminate

the need for a snare, or can be used in conjunction with a snare.

[066] In some embodiments, the device can comprise a vacuum monitoring system that
determines and displays the pressure/vacuum level in the shaft portion and/or the amount or
status of vacuum being generated or applied from a vacuum source. In some embodiments, an
indicator on a display, such as the display 210, can indicate whether or not the vacuum 1s being

applied, while in other embodiments, a level of vacuum or pressure can be displayed.

[067] In some embodiments, the device can comprise a suture clip monitoring system that
tracks/determines and displays the number of clips remaining loaded in the device. The device
can comprise a display, such as the rear display 210, that shows how many clips remain. In
some embodiments, when the last clip has been deployed, the clip monitoring system can cause

the device to become locked such that actuator cannot be pulled. In some embodiments, the clip
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monitoring system can also display a lock-out indicator on the display. The display can be

mechanical or electronic, analog or digital.

[(068] In some embodiments, the devices disclosed herein can be disposable after being used
during a surgery and/or when all the loaded clips have been deployed. In other embodiments,

the device can be cleaned and/or reloaded with chips and reused.

[069] In some embodiments, the device can be reloaded with additional suture clips by
removing the empty mandrel, or just the distal portion of the mandrel, and replacing it with a
new mandrel or mandrel portion that is loaded with additional suture clips. For example, the
mandrel can comprise a distal piece and a proximal piece that readily disconnect and reconnect.
The distal piece can be removed and replaced with a new distal piece loaded with additional
suture clips. In other embodiments, the mandrel and the retainer (or distal parts thereof) can be
replaced together. In other embodiments, the entire shaft portion (of a distal part thereof) can be
replaced to reload the device. In still other embodiments, additional suture clips can be placed

onto the existing mandrel to reload the device.

[070] In some embodiments, any of the devices disclosed herein can include a visual
monitoring system configured to capture visual information from or near the distal end of the
shaft and transfer the captured visual information to a proximal visual display. For example, the
device can include a camera or endoscope positioned near the distal end of the outer shaft that 1s
coupled via wiring to an adaptor extending from the handle and configured to be coupled to an

external monitor that a user can view to assist in the clip deployment process.

General Considerations

[071] For purposes of this description, certain aspects, advantages, and novel features of the
embodiments of this disclosure are described herein. The disclosed methods, apparatuses, and
systems should not be construed as limiting in any way. Instead, the present disclosure 1s
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. The
methods, apparatuses, 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.

[(072] Features, integers, characteristics, compounds, chemical moieties or groups described in
conjunction with a particular aspect, embodiment or example of the invention are to be

understood to be applicable to any other aspect, embodiment or example described herein unless

16



CA 02971839 2017-06-21

WO 2016/105511 PCT/US2015/0002335

incompatible therewith. All of the features disclosed in this specification (including any
accompanying claims, abstract and drawings), and/or all of the steps of any method or process

so disclosed, may be combined in any combination, except combinations where at least some of
such features and/or steps are mutually exclusive. The invention is not restricted to the details of
any foregoing embodiments. The invention extends to any novel one, or any novel combination,
of the features disclosed in this specification (including any accompanying claims, abstract and
drawings), or to any novel one, or any novel combination, of the steps of any method or process

so disclosed.

[073] Although the operations of some of the disclosed methods are described 1n a particular,
sequential order for convenient presentation, it should be understood that this manner of
description encompasses rearrangement, unless a particular ordering 1s 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. As used herein, the terms “a”, “an”, and “at least one’” encompass one or more of the
specified element. That is, if two of a particular element are present, one of these elements 1s

also present and thus “an” element is present. The terms “a plurality of’” and “plural” mean two

or more of the specified element.

[074] As used herein, the term “and/or” used between the last two of 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”",“Aand B”, *Aand C”, “Band C”, or A, B, and C.”

(075] As used herein, the term “coupled” generally means physically coupled or hnked and

does not exclude the presence of intermediate elements between the coupled items absent

specific contrary language.

[076] In view of the many possible embodiments to which the principles of the disclosure may
be applied, it should be recognized that the illustrated embodiments are only preterred 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 the following claims.
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Claims:

l. A device for successively deploying a plurality of preloaded suture clips onto
sutures, comprising:

a proximal handle portion comprising an actuation mechanism,;

a mandrel having an inner lumen for receiving sutures, a proximal end portion coupled to
the actuation mechanism, and a distal end portion having a distal opening in communication
with the inner lumen, wherein the mandrel defines an axial dimension extending between the
distal end portion and the proximal end portion, and a radial dimension perpendicular to the
axial dimension, and wherein the mandrel is configured to receive at least one suture extending
through the distal opening and into the inner lumen;

a plurality of annular suture clips mounted around the distal end portion of the mandrel,
the annular suture clips being generally disk shaped and having a diameter oriented in the radial
dimension and a thickness oriented in the axial dimension, wherein the thickness 1s substantially
smaller than the diameter; and

wherein the actuation mechanism causes the mandrel to move proximally relative to the
suture clips, such that a distal-most one of the suture clips slides off of a distal end of the
mandrel and onto one or more sutures extending into the distal opening of the mandrel; and

wherein, after the distal-most one of the suture clips 1s deployed onto one or more
sutures, the actuation mechanism causes the mandrel and a remaining portion of the suture clips
to move distally relative to the handle portion such that a distal-most one ot the remaining

portion of the suture clips is ready to be successively deployed.

2. The device of claim 1, wherein the disk shaped suture clips comprise an annular
outer body, one or more resiliently deformable flaps that project radially inwardly trom the
annular outer body and define a suture engagement aperture for frictionally engaging one or

more sutures, and one or more tabs projecting radially outwardly from the annular outer body.

3. The device of claim 2, wherein the suture clips are comprised of a shape-memory
material and wherein the one or more resiliently deformable flaps are held in a resiliently
deformed configuration when loaded onto the mandrel, the flaps extending axially toward the
handle portion along a side of the mandrel when in the resiliently deformed configuration, and

wherein the flaps resiliently return toward a natural configuration projecting radially inwardly
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when deployed onto a suture, such that the suture clip has a flat, disk shape when deployed onto

a suture.

4. The device of any one of claims 1-3, further comprising a retainer positioned at
least partially around the mandrel and coupled to the actuation mechanism independently of the
mandrel, the retainer configured to restrict the suture chips from moving proximally relative to

the handle portion when the mandrel moves proximally relative to the handle portion.

S. The device of claim 4, wherein the actuation mechanism causes the retainer to

rotate relative to the mandrel and the suture clips, and wherein the rotation of the retainer causes

cutting of the one or more sutures.

6. The device of claim 4 or claim 5, wherein the actuation mechanism causes the
retainer to rotate relative to the mandrel and the suture clips, and wherein the rotation of the
retainer allows the suture clips to move distally along with the mandrel relative to the handle

portion.,

7. The device of any one of claims 4-6, wherein the retainer comprises at least one

axially extending slot that includes a plurality of circumferentially extending notches.

8. The device of claim 7, wherein the suture clips each comprise at least one radially

extending tab that projects into the axially extending slot in the retainer and 1s positioned in one

of the circumferentially extending notches.

9. The device of claim 8, wherein the retainer has a first rotational position wherein
the at least one tab of each suture clips is positioned in a respective one of the notches such that
axial motion of the suture clips relative to the retainer is restricted, and wherein the retainer has
a second rotational position wherein the at least one tab of each suture clip 1s not positioned 1n

one of the notches and the suture clips are allowed to move axially relative to the retainer.

10.  The device of any one of claims 1-9, further comprising an electrical heating
element positioned at a distal end of the mandrel, the heating element configured to cut a suture

after a suture clip is deployed onto the suture.
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1. A suture clip comprising:

an annular outer body;

one or more resiliently deformable flaps that project radially inwardly from the annular
outer body and define a suture engagement aperture for frictionally engaging one or more
sutures passing therethrough, and

one or more tabs projecting radially outwardly trom the annular outer body;

wherein the suture clip is generally disk-shaped with the outer body, flaps, and tabs

being substantially coplanar when the suture clip 1n 1ts natural configuration.

12.  The suture clip of claim 11, wherein the annular outer body has a generally
circular outer perimeter and the one or more tabs project radially outwardly trom the outer

perimeter of the annular outer body.

13. The suture clip of claim 11 or claim 12, wherein the suture clip has a resiliently
deformed configuration wherein the one or more resiliently deformable tlaps are detlected out ot
a plane defined by the annular outer body and the one or more tabs, such that the suture

engagement aperture enlarges sufficiently to receive one or more sutures.

14, A method for deploying a suture clip onto a suture, comprising:

causing a free end of a suture to enter into a distal end portion ot an inner lumen of a
mandrel of a suture clip deployment device; and

causing the mandrel to move proximally relative to a plurality of annular suture clips
mounted around an outer surface of the mandrel such that a distal-most one of the suture chip
slides distally off of a distal end of the mandrel and onto the suture such that the distal-most one
of the suture clips resiliently secures to the suture;

wherein the plurality of annular suture clips are generally disk shaped and are mounted
around the outer surface of the mandrel such that a diameter of each suture clip i1s oriented
perpendicular to the proximal motion of the mandrel and a thickness of each suture clip 1s

aligned with the proximal motion of the mandrel, wherein the thickness 1s substantially smaller

than the diameter.
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15. The method of claim 14, wherein the suture clips each comprise one or more tabs
that extend outwardly perpendicular to the proximal motion of the mandrel, and causing the
mandrel to move proximally causes the one or more tabs ot each suture clip to contact a retainer
of the suture clip deployment device, which retainer prevents the suture clips from moving

proximally along with the mandrel.

16. The method of claim 15, further comprising, after causing the mandrel to move
proximally relative to a plurality of annular suture clips, causing the retainer to rotate to a
position wherein the one or more tabs of each suture clip are not restricted by the retainer from

moving distally along with the mandrel.

17. The method of claim 16, further comprising, after the distal-most one of the
suture clip slides distally off of a distal end of the mandrel and onto the suture, causing the
mandrel and a remaining portion of the suture clips to move distally relative to the retainer such
that the one or more tabs of each of the remaining portion of the suture clhips moves distally

along a slot in the retainer.

18. The method of any one of claims 14-17, wherein causing the free end of the
suture to enter into the distal end portion of the inner lumen of the mandrel of the suture clip
deployment device comprises:

passing a snare distally through the suture clip deployment device such that a distal end
of the snare projects from a distal end of the suture clip deployment device;

inserting the suture through an opening in the distal end of the snare; and

retracting the snare proximally through the suture chip deployment device to pull the

suture through the suture clip deployment device.

19. The method of claim 18, wherein the suture 1s placed through a tensioner of the
suture clip deployment device and the method further comprises rotating the tensioner to adjust
tension in the suture before the distal-most one of the suture clip slides distally off of a distal end

of the mandrel and onto the suture.

20. The method of any one of claims 14-19, further comprising causing an electrical

heating element positioned adjacent the distal end portion of the inner lumen of the mandrel to
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cut the suture after the distal-most one of the suture clip slides distally off of a distal end of the

mandrel and onto the suture.
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