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for using the device to repeatedly pass the suture through the tissue without removing the suture or device from the target site is also
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TITLE OF THE INVENTION
METHOD AND APPARATUS FOR PASSING SUTURE

£2

{8081} This paragraph has intentionally been deleted.

BACKGROUND
I Field OF The Invention
{6002 The present invention relates o system, methods, and apparatus for enhancing the

advancement and retention of suture through tissue.

2. Description O Related Ast

{B003] Sutaring apparatus in the past have bad an elongate shaft and a low profife distal
clamping mechanism to faciiitate their use through cannudas 226 i less invasive soargery,
These devices have typically included opposing jaws which clamp onto the tissue to be

sutured. The end segment of the suture is pre-positioned and seeured at the distal end of

o

one jaw member. Beyvond the clamping motion, the mechanism for passing a suture
hetween the Jaws and throagh the dssue incorporaies a bendable needle. The bendabide
needle advances distally within the jaw member, bringing 1t in contact with a segment of
the suture.

{0004] The necdlc ongages and secwres the sulure to carry # forward, This distal
advancement of the bendable needie also resulis i the leading ond of the needie to
approach and engage a ramp 44 1n the jaw member, deflecting the bendable needle in a
direction toward the opposing jaw. The beading of the needle requires a high force and
results in excess strain on the needle component. Fracture and fatlure of the bendable
neadle is a concern,

[0005] Additionally, the bendable needie 18 firther advanced gfier being deflected ing
direction extending away from the faws, and potentially into unintended anatomy.
Extension of the needle iy this manner 15 a safoty concern. ven after the apparatus has
completed passing the soture through the tissue, the end sepment of the suture must be

retrioved by retracting the entire apparatus out of the cannula,

Date Regue/Date received 2020-05-25
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{6006} 1 would be advantageous to have an apparatus that could lead and unload suiure
without the need to remove the apparaius from the swrgical site.

{8007} It would be advantageons 1o have an apparatus that could pass (not {pad and unload)
suture repeatedly through Ussue without the need to remove the apparatus from the surgical
site. 1t would also be advantageous for the sutare shuttling mechanism (either needle or
shuitle) to be entirely confained within the apparatus duning operation (o Improve geeuracy

of suture placement and improve safety of needle or shattle position during dperation.

SUMMARY OF THE INVENTHON
6008} A dovice and method for passing suture throagh soft tissue 1s diselosed. The suture
passer can perform multiple passes of the suture without withdrawing the suture passer
from the target site, such as daring a rotator cuft repair procedure.
8009} The suture passing device can be made to have no mechanwal pivoting hinks. The
suture passing device can have no hinges in the jaw structure. The Jaw structure ean open
and close with hinge-less action.
{6019} The suture can be mounted on the lateral side of the Jaw structure.

{011} A shutile for holding and meving the sutore can be captured and held within the

jaws, for example ereating a design of the device that has no foose parts capable of being

separated from the device during use.

{0012} The jaws and/or the shaft or compression cover of the device can be made from a
resibiont metal such as Nitinol or any other material disclosed herein,

J0013] The device can pass suture repeatedly through tissue without the need to remove the
apparatus from the surgieal site or to foad and wnload the suture from the deviee. The
suture shutthng mechanism (.., the needle anddor the shutile) can be partially or entively
containgd within the apparatus during operation to improve accoragy of suture placement

andd improve salely of needie or shuttle posttion during operation,

BRIEF DESCRIPTION OF THE FIGURES
{0014] Figures 1a, Th and 1o are perspective, top and side views, respectively, of a
vartation of the satare passing devics.
6015} Figures 2a aod 2b are a distant and close-up view, respectively, of a vanation of the
shuitle in a straight configuration.
{0016} Figure 2¢ is a close~up view of the variation of the shutile from Figures 2a and 2b in

a curved configuration,
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{6017} Figure 3a 15 a close-up, perspective, partial see-through view of the disial end of a

variation of the suture passing device attached to 4 length of g sature.

[0018] Figure 3b is a close-up view of a portion of Figure 3a.

[0019] Figures 4a and 4b arc close-up perspective and side views, respectively, of the
distal end of @ varigtion of the sutare passing device in a closed configuration.

{0020} Figure 40 18 a close-up of the distal end of Figares 44 and 4b.

{6021} Figare 4d is a close-up perspective view aof the distal end of the device of Figure 4a
i a closed configuration.

[6022] Figure 3 is a varation of cross-section A-A of Figure 1a with the device affached to
a length of a suture,

{8023} Figures 6a through &d dlustrate a variabion of a method of using a vanation of the
suture passing device o create a stiteh 1o a picce of tssue.

{8024} Figures Ta and Thare @ side perspective view and a close-up 8 vanation of the
device with an exploded view of a shuttle, and a close-up of the proximal end of the device,
respectively.

{6025] Figure 7o is 8 close-up view of the variation of the shutile o Figure 7a.

{8026} Figure 7d is g close-np view of the distal end of the varigtion of the deoviee shown in
Figure 7a.

[B027} Figure 8s illustrates a variation of the shuttie.

{0028] Figure Kb illostraies a close-up view of a vanation of the distal end of the device,
{0291 Figures 9a and 104 are side perspective and partial see-through side porspective
views, respectively, of a variety of the device in an opened configuration,

[0030] Figures 9b and a are side perspective and side cross-section views, respectively,
of a variety of a method for closing the jaws of the device of Figure Ya.

{0031} Figure 9c and b are a close-up view and 4 side see-through view, respectively, of
the distal end of the device n Figure 9h,

{8032} Figure 10b is a close~-up partial see-through view of the distal end of the lower jaw
of Figure 10a.

{6033] Figures 12a through 12¢ are side, top and bottom views, respectively, of 8 variation
of the shuttle,

[6034] Figores 130 and 13b illostrate variations of the shuttle.

[B035] Figures T4a through 14e are top end, front perspective, and boltom perspective

views, respectively, of a varigtion of the shuttle.
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{8036} Figures 3athrough 150 ave side porspective, bottom perspective, and side-bottom
perspective views of a varigtion of the shuttde.

18037} Figures 16a and 16b are {op perspective and side perspective views of @ variation of
the shuttle.

{0038} Figure 17a Hlustrates a vapiation of the device with the shuttle of Figores 12a
through 12¢,

{0039] Figure 1 7b ilhustrates a variation of the device of Figure 17a with a pusher.

{0048] Figures 170 and 174 tHostrate a variation of the deviee of Figure 17a with two
pushers in differont configurations.

[0041] Figures 18a and 18 are side porspective and side views, respectively, of a variaiion
of the distal end of the device.

{8042] Figures 19a and 18b are side perspective and side views, respectively, of a variation
of the distal end of the device

[08043] Figures 20a and 20 are side perspective and side views, respectively, of a variation
of the distal end of the device.

{6044} Figures 21a and 21h are side parspective and side views, respectively, of a variation
of the distal end of the device.

6043} Figures 22a and 22b iHustrate a variation of the distal end and distal lower jaw,
respectively, of the device.

{0046] Figure 22¢ 15 a side view of the device of Figure 222 with a shuttle.

{047} Figures 23a and 23b are g variation of the distal ond of the device in open and
closed configurations, respectively with the device of Figure 23b having a shuitle.

[06048] Figures 24a through 24 are side perspective, side and distal end views,
respectively, of a variation of the device.

{0049] Figures 25a through 251 are bottom and stde porspective, partiad seo-through (the
upper Jaw is see-through), longitedinal cross~-section, partial cut-away close~up. and pariial
cut-away views, respectively, of the distal end of a vanation of the device with the jaws in
an opened configuration with the shoitle and pushers in various positions, and with the
compression cover not shown m Figure 251 for illustrative purposes.

{6030] Figare 20 is @ side perspective view of a vartation of the distal end of device with
the jaws in a closed configuration with the shaitle i the upper jaw and not engaged in the

fower jaw.
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{6051} Figures 26b and 26¢ are longttudinal cross-section and side perspective views,
respectively, of the device of Figure 26a with the shottle iy the top and bottom jaws. Pig.
26 b does not show the pushers for lustrative purposes.

10052} Figure 26d 18 a partial cut-away view of Figure 26¢,

[6033] Figure 27 15 a close-up, pariial cut-away view of the distal end of a vaniation of the

devige with the shuttle in the lower jaw and the apper pasher extending out of the upper

faw and partially entering the lower jaw.

{8054} Figure 28 18 a close-up end parspeetive view of a vaniation of the device with the
shuttle and suture of Figure 13a or 13b.

[BOSS) Frgure 29 15 a close-up end perspective view of a variation of the device with the
shuttle and suture of Figures Ta through H4e.

{0056] Figures 30a and 30b are right rear, and {eft cut-away views, respectively, of a
variation of the device.

[6057] Figure 31 is a partially cut-away and partially see-through view of the proximal end
of a varmtion of the device,

{B0SR] Figures 32a and 32b are left and night perspective views of a variation of the pusher

drive gears of the device,

DETAILED DESCRIFTION
[8059] Figures la throagh fo Hhustrate a suture passing device 188 that can be used to pass
suture 70 through soft or hard tissue 74 without removing the device 188 or the sature 70
from the target site while creating one or more complete stitches.
{6064} The suture passing device 18& can have an ergopenic handle 104, a sliding tube
actuator 6, and a distal end 2. The ergonomic handle 104 can be used to control the distal
end 2. The ergononsic handle 104 can have a side knob 1. The ergonomic handie 104 can
have a top knob 12, The top knob 12 and/or the side knob 10 can individually or in
concert, advance andfor retract the upper 86 and/or lower pusher 76.
{8061} The shding ube actuator 6 can have ga outer compression cover 34 and an inner
rod {(not shown due to obstraction by the outer compression cover 34} The inner rod can
be fixedly atiached to the handle 104 and the proximal end of the jaw structure 28, The
ogler compression cover 34 can be radially ontside of the toner rod. The outer compression
cover 34 can be actuated by the handle 104, for example be distally and proximally

transiaied with respect 1o the handle 104 when the irigeer 8 is squeezed or released.

o
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{8062} Figures 2a and 2b iHlustrate that the device 188 can have a sliding ribbon shutile 14
or needle held within the device 188, The shuttle 14 can have an elongated shuitle rail 16
The shuttle rail 16 can have numerous shits 20 along one or both sides of the shutile rail 16.
The slits 20 can be positioned at regular or irregular length indervals along the rail 1o
8063} The shuitle 14 can have g suture holder 18 extending laterally from the rail 16, The
shaitle 4, for example the sature holder 1§, can extend ont of the lgteral side slot 72 of the
arm structare. The suture bolder 1¥ can extend from the 1oft andior right side of the device
188, The distal end 2 of the device 188 can be reversible so the suture hokder 18 canbe
switched from one side of the device 188 to the other side of the devive 188, The suture
holder 18 can have a generally flat, 1sosceles trapezoid configuration. The sutiwe holder 18
can have a suture holding noteh 100, The neteh 100 can bave an inner bole 174, an outer
hole 17b contiguons with the swer hole 174, and a first cleat 97a positionad between the
mner hole 174 and the ovter hole [7h. The notch 100 can have a second ¢leat 87b on the
side of the outer hole away from the inner bole. The notch 100 can be configured to secure
to suture 70, For example, the suture 70 can be compressed and {niction {4 in the inner
cleat 97a.

{0064} The suture bolder 18 can have a front leading edge and a rear leading edge. The
edges can be stanted at a right or non-right angle with respect io the longituding! axis of the
rail 16, Ope or both of the edges can be sharpened to be trawmatic o tissue 74, for example
to cut through soft tissue 74, The edges can cut through tissue 74, allowing the suture
holder 18 40 pull the suture 70 through the tissue 74 mmediately behind the respective
edege.

[08065] The shuttle 14 can be made from a flexible polvimer, such as PEEK, a resilient
metal such as Nitinol, any material disclosed herein or combinations thereof. The shuttle
14 can be made from a mokled polymer, The shattle 14 can be pro~curved, for sxample to
reduce resistance when going aroand curves i the tracks,

0066} Figure 2c iHustrates that the rail 16 can curve at the locations of the slits 20, andfor
the rail 16 can be pre~curved.

{0067} Figures 3a and 3b iHustrate that the suture passing device 18R can capture or

v attach to the satare 78 i the (noer andéor outer cleats 97a andfor 97h of the

g

releasabl
suture holder 18, The suture 70 can be loaded or held laterally of the jaw structure 28, out
of plane with the rotation of the jaws. The device |88 can make multiple passes of the
suture 70 through the tissue 74 withoud extracting or reloading the suture passing deviee

188, The jaw stracture 28 can resiliently deform open at the proximal end of the jaw
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structure 28, having vo hinge, The jaws can be opened andfer closed with no mechanical

pivots or linkages in the jaw structure 28,

{0068] Figure 4a illustrates that the suture passer device 188 can have a jaw structure 28

with a top jaw 30 and a bottom jaw 38, The entire jaw structure 28 can be an integral piece

of material, stch as a single molded, cast, or cut eloment of Nitinol, other resilient metal or

polymer, any other material listed herein, or combinations thereof. The jaw structure 28
can be configured to be i1 an opened configuration {as shown in Figure 4d) when in an

unbiased configuration (Le., when no external forces are applied).

[6069] The jaw structure 28 can have a jaw structure longitudinal axis 42, Fach jaw gan

also have a respective jaw longitudinal axis along the jaw.

{8079} The inside channel of the compression cover 34 can be sized and shapoed to it over

the jaw structure 28 with mininwm clearance when the jaw strueture 28 18 in a closed

configuration. When the compression cover is franstated distally 138 with respect o the

Jaw strocture 2K, as shown by arrow, the compression cover 34 can press the top and

bottom jaws 38 toward the jaw structure longitudinal axis 42, The jaw structure 28 can be
fully compressed into a closed configuration, as shown in Figures 4a through e, In this
way, when an getuation lever such as the trigger 8 s getuated, the channel or compression
cover 34 can advance to cam closed the jaws. The jaws can pre-pierce the tissue and
sstablish a continuous track for the shutte 1o pass through the tissue.
{8071} The compression cover 34 ¢an be altached to an opening ball 32 positioned between
the first and second jaws,
6072} Figare 40 ilustrates that the opening hall 32 can be rotatably or fixedly attached o
a ball axle 52 passing laterally lﬁhmugh the opening ball 32, The ball axle 52 can extend
out from the lateral sides of the ball 32, The ball axle 32 can be shidably received by axle
slots 30 formed through distal arms 34 or extensions 138 of the compression cover 34,
When the Jaw structure 28 i3 m a closed configuration, the ball axle 32 can abut and
mterference fit agamst the proximal end of the axie slot 30, for example to prevent
overextension of the compression cover 34 over the jaw sirncture 28, When the jaw
structure 28 13 i an opened configuration, the ball axle i abut and terference it
against the distal end 2 of the axde slot SO, for example to prevent overrotation of the jaws
andfor pulling the ball 32 past the ramps 44 on the inside of the jaw structore 28
[B073] Figure 4o iHustrates that the bottom track 66 can distally ternunate i a bottom track
port 62, The top track 64 can distally termingte at g top track port 60, The top track port

60 can align with and be adjacent to (as shown) or in contact with the bottom track port 62
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when the jaw structure 28 s in a closed configuration with the {irst jaw tip 46
mierdigitating with the second jaw tip 48, The tracks of the upper faw 78 and bottom jaw
38 can form a continuous path when the jaw structure 28 is in a closed configuration. The
first jaw Lip 46 can interdigitate with and be adjacent or in contact with the second jaw tip
48 when the jaw structure 28 s i a closed configuration.

{0074} Figure 4d illostrates thal thal compression cover 34 can be transtated proximally
126, as shown by arrow, with respect to the jaw structure 28, The ball axle 32 can slide to
the distal ond 2 of the axle stot 54, The axle stot 50 can then pull the ball axde 52, and
theretore the opening ball 32, proximally. The opening ball 32 can then press against the
mside surface ramp 44 of the first jaw andior second jaw. The Brst jaw tip 46 andéor
second jaw {p 48 can then rotale away from the opposing Jaw tip, The Jaw structare 28
can then be i an opened configaration, as shown.

[8073] The proximal ends of the jaws can be rigid or flexible, for example to head around
the opening of the compression cover 34 when the faws are i an opened configuration.
The entire jaws or just the proximal ends of the jaws can be made from Nitinol, for
example with the distal ends of the jaws made from stainless steel,

18076} Figure 5 Hlustrates that the side slot 72 can extend laterally from one side of the
tracks. The raif 16 of the shuitfe 14 can be taller than the height of the side slot 72, The
rail 16 can be too large 1o pass through the side sfol 72, The sature holder 18 can extend
faterally from the rail 16 through the side slot 720 The swdure bolder 18 can hold the suture
70 laterally spaced away from the jaw.

10077} Figure 6a illustrates that the upper jaw 78 and the lower jaw 80 can be closed, as
shows by arrows, and compressed through tissae 74, such as soft tissue 74 in the rotator
cuff or other joint. The upper jaw tip 206 and/or the lower jaw tip 198 can pierce the tissue
74, The upper jaw tip 206 and the lower jaw tip 198 can imterdigitate in or adjacent o the
fissue 74, The hole crested by the touching or interdigilating of the upper Jaw tip 206
anddor the lower jaw tip 198 can be a hole in the tissue 74 through which the shuttle 14
and/or suture 7O can pass. The compression cover can be pushed distally 138 to further
compress the first jaw foward the second jaw, for example to force the jaw tips to pierce the
tissue 74,

{6078} The lower pusher 76 can be advanced distally, as shown by arrow, as controlled by
the handle 104, The lower pusher 76 can foree or push the shuttie 14 through the track to

move distally and to carry the suture 70 with the shuttle 14,
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{6079} Figure 6b illostrates that the lower pusher 76 can continge o be pushed by the
handle 104, The lower pusher 76 can push the shaitle 14 through the tissne 74, The front
edge 22 of the suture holder 18 can cut through the tissue 74 and the suture holder 18 can
pall the suture through the cul created in the tissue 74 by the front edge 22 anddfor through
the percing created in the tissue 74 by the tips of the jaw. The posher and the shutile 14
Can Move :—xifmg the lengitadinal axis of the jaws.
{6080] The shuttle 14 can then be positioned entirely in the track of the upper jaw 78, The
fowor pusher 76 can then be withdrawn from the track of the upper andior fower jaw 80,
and/or the lower pusher 76 can be left in place but the resistive foree can be removed,
allowing the lower posher 76 to slide freely u the tracks.
{8081} Figure 6¢ illustrates that the compression cover can then be franslated proximally
126 {e.g., by releasing or squeezing the trigger 8), as shown by arrow 83, The ball axle 52
can be pulled proximally, forcing the opening ball 32 against the inner surface of the top
anddfor bottom jaws 38, The opening ball 32 can thus resiliently force open the top andior
bottom jaw 38. The jaws can then be unclamaped (Le., rotaled open, as shown by arrows
823, and be cleared from the tssue 74,
{0082] The device 188 can then be shified to a position where the distal end 2 of the device
188 s adjacent (e.g., lateral) to where the suture imitially passed throngh the tissue 74,
JBO83} Figure 6d ilinstrates thal the jaw can then be closed, percing the tissue 74 adjacent
to the first passage of the spture 70 through the tissue 74, The upper pusher 86 can then he
forced distally, as shown by arrow, by the handle 104, The upper pusher 86 can force or
pash the shuttle 14 along the track in the reverse direction from shown m Figores 6a and
6b. The rear edge 24 of the suture holder 18 can then cut the tissue 74 as the suture holder
18 passes throngh the tissue 74, carrying the suture 70 through the tissue 74, Thusa
pxattress stiteh of the suture 70 through the tissue 74 can be oreated.
{8084] The shutde 14 can then be w the home posttion, as shown m Figure 6a. The epper
pusher 86 can then be withdrawn from the track of the upper andior tower jaw 80, and/or
the upper pusher 86 can be left in place but the resistive force can be removed, allowing the
upper pusher 86 to shide freely iIn the tracks. The jaws can be reopened and repositioned,
and the device 188 can create gnother stiteh repeating the method shown i Figures 6a
through 6d. The jaws can be reopened and removed from the target sife when the stitching
15 complete or to deliver a second stitch.
{008S] Figure Ta illustrate that the device 188 can have a base 102 and a handie 104

extending from the base 102, The device 188 can have a rotatable lover 106 rotatably
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aitached to the base 102 or bandle 104, The device 188 can have a compression cover 34
rranstatably attached to and exiending distally from the base 102,

[0086] The distal end 2 of the device 188 can have the upper and lower jaws 80, The
upper jaw 78 can be rotatable with respect fo the lower Jaw 80 and vice versa.

[BORT} The compression cover 34 can be shidably attached to one or both jaws, The
rotatable lover 106 can be altached to the compression cover 34, Por example, squessing
and rotating the lever 106 toward the handle 104 can push the compression cover distally
138 with respect o the Jaws. The compression cover can distally shide over the jaws,
rotating the upper jaw 78 toward the lower jaw R0 and closing the jaws. The lever 106 can
be spring loaded to rofate away from the handle 104, proximally retract the compression
cover {26, and retum the jaws to anopen configoration when external pressure or
squeczing is no longer applied to the lever 106,

[8088] Figure 7h illustrates that a pusher shall or butlon can extend distally from the base
102 or handle 104, The pusher shaft or button can be translated with respect 1o the base
102 andVor handle 104, as shown by arrows, The pusher shaft can be configured {o push
and/or pull one or both pushers. Pressing or pulling on the pusher shafl can translate the
pusher. A single pusher shail or button can be toggled between both pushers.

J6089] A pusher foggle, such as a side paddie 112 can extend from the lateral side of the

base 102, The side paddie 112 can be positioned on the top or bottom of the base 102 ar
the handle 104, The side paddie 112 can rotate 110 with respect to the base 102, as shown
by arrow, The side paddie 112 can be configured o orient the pusher shaft or button ©
franslate the upper pusher 86 or fower pusher 76 depending on the position of the side
paddie 112

{80991 The device 188 can bave a tever 106 lock 120, The lever 106 fock 120 can exiend
faterally from the base 102, The lock 120 can rotate 11X, as shown by amows, with respoet
to the base 102, The lock 120 can be configured {o fix or secure the lever 106 closed or in
a particular angolar position with respect to the base 102, For example, the lever 106 lock
can fix the fever 106 closed, in turn fixing the faws o a closed configuration.

{6091} Figure 7o illustrates that the shuitle 14 can have a rail 16 that can be a eyhindrical
tube or sleeve. The ratl 16 can be made from Nylon, other materials disclosed hereis, or
combinations thereofl The rail 16 can have rounded (¢.g.. hemi-spherical) or flat terminal
fongitudinal ends.

{6092 The shoitle 14 can have g suture holder 18 that can be a wire loop 98 extending

e

faterally from the rail 16 The wire loop 98 can have a wire. The wire loop 9% can extend

10
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i a flat plape. The terminal ends of the wire can be anchored - o g., removably or fixedly
attached to the rail 16, for example through a port or slot in the lateral side of the rail 16
The suture 70 can extend through and remain within the arca defined by the perimeter of
the wire loop 98 while the suture 70 is refained by the suture 70 passer,

{8093} Figure 7d illostrates that the lower jaw 80 (g8 shown} andior upper jaw 78 can bave
ong or wiere loading notches or docks 96, The loading dock 96 can expose the suture
bolder X, such as the wire Joop 98, for sutupe 70 loading/unloading. The suture holder 18
can extend into the loading noteh. For example the wire oop 98 can extend through the
side slot 72 and into the holding aoteh 100 with the shuttle 1448 in a position for loading
and/or undoading the suture 70 to anddor from the shuttle 14, For example, the shuttle 14
can be at the proximal-most postbion for the shuitle 14 on the bottom ttack 66 when the
sutare holder 18 is aligned with the Ivading dock 96, The side slot 72 can terminate &t the
foading dock 96, for example, inferference fitting the wall of the loading dock 96 against
the shuttle 14 andéor suture holder 18 to prevent further translation of the shuttle 14
proximally along the jaw.

{6094] The lower 80 andfor upper Jaws 78 can bave a septum 90 can cover a medial
terminal face al the distal end 2 of the lower jaw 80 (g5 shown) andfor apper jaw 78, The
septum 90 can be a flexible material that cav be configured to seal around all or part of the
shuttle 14 as the shaitle 14 passes through the septum 80, For example, the septum 90 can
be made from a fabric, or & solid paned of polymer such as polvurethane or polyester,
{095 The septum 90 can have a septum raid port 92, The septum rail port 92 can be
aligned with the termingl end of the bottom track 66 andfor top track 64,

{0096} The septum 90 can have a septun slot 94, The septum slot 94 can be aligned with
the side slot 72 of the bottom track 66 andior the upper track 264

{0097] The septum 90 can be configured to wipe or squeegee debes, such as tissue 74 and
hiological tlads, from the shuiile 14 as the shutile 14 passes through the septum 90, for
example to prevent or mininize debris and fluids entering the top and/or hottom tracks 66,
{8098} Figure Sa illustrates that the shottle 14 can have a radl 16 that can have a evhinder
and suture holder 18 can be as deseribed in Figures 2b and 2o, The holding noteh 100 can
have angadar cleats 97, The holding noteh 100 can extend {o side of the ral 16,

[6099] Figure 8b illusirates that the shuitle 14 can be positioned so the holdimg notch 100
of the suture holder 18 can be in the loading dock 96 when the suture 70 is attached to or
removed from the holding notch 130, The suture 70 can be pressed into {e.g., for

attaching) or pulled from (e.g., for removing, detaching or repasitioning) the holding notch

11
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100, A longitedinally opposing pair of first cleats 97 can laterally friction it or
mierference it the suture 70 m the holding notch 100, A longundinally opposing pair of
socond cleats 97 can medially friction {it or interforence it the suture 70 in the holding
noich 100 (Le., the suture 70 can be radially fixed between the pair of first cleats 97 on a
fateral side of the suture 70 and the pair of second cleats 97 on ¢ medial side of the suture
700

{0100] The suture 70 can be radially fixed between a pair of longitudinally apposed cleats
97 that can dig into and compress or pummm the external surface of the suture 70,

{6101} The shuttle 14 can inferference {it or otherwise be stopped by the lower faw 80 from
moving proximal o a postion where the holdmg notch 100 13 exposed in the loading dock
96.

{102] Figures Qa. 10a and Db illustrate that the device 188 can be i an open
configuration with the apper Jaw 78 positioned rotated away from the lower jaw 80, The

upper jaw 78 can have an upper jaw fongitudinal axis. The lower jaw 80 can have a lower

jaw longitudinal axis 132, The lower jaw lopgitudimal axis 132 (as shown) or the upper

jaw longitudinal axis 124 can be paraliel andior collinear with the compression cover

fongitudinal axis. The upper law longitudinal axis 124 and the lower jaw longitudinal agis
132 can infersect at 4 jaw angle 128, When the jaws are in an open configuration, the jaw
angle 128 can be from sbout 30° to about 457, more narrowly from about 30° (o about 40°,
{0103} The compression cover 34 can be translated and retracted proxamally, as shown by
arrow 126, away from the jaws, The upper jaw 78 can have a slod shide pin 130 that can
extend laterally from one or both lateral sides of the proximal end of the upper jaw 78,
{0104} The distal ond 2 of the compression eover 34 can have one or more ramp siots 134
on one or both lateral sides of the compression cover 34, The ramp slot 134 can natrow as
the ramip stot 134 extends proximally (Lo, widen as the ramp slot 134 extends distally).
The ramyp slot 134 can be at a non~zero angle {i.¢., non~-aligned) to the longitudinal axis of
the compression cover 34,

[0105] The slot shide pin 130 can he configured to extend through the ramp slot 134, The
slot sfide pin 130 can shide within the ramp slot 134, The slot slide pin 130 can friction fit
o the narrower, proximal end of the ramp slot 134, for example friction-fitting the jaws
1 a closed configuration and providing tactile fecdback to the user of the jaw angle 128
[8106] Figure I0a ustrates that the upper track can pass through a hinge tube 149 where
s extends past the distal openig of the compression cover 34 and mio the upper Jaw. The

hinge tube 149 can be made from nitinol, for example. The hinge tube 149 can flex when
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the upper jaw is rolated, The hinge tube 149 can be an integrated length of the entire upper
track, or can be a separate longth of tube attached on one or gach end o the remainder of
the apper track,

[0107] Figures 9b and 1a illastrate that the compression cover 34 can he distally extended
or advanced, as shown by arrow 138, with respect e the jaws. The compression cover 34
can foree the jaws o rofate toward cach other to a closed configuration. For example, the
upper jaw 78 can rotate, as shown by arrow 136, while the lower jaw 80 remains in a

rotationally fixed position with respect 1o the compression cover 34, of vice versy, of the

jaws can both rofate with respect to the compression cover 34, Thus, a tover, such as the

trigger 8, can be actuated to advance the outer tube or compression cover 34 to cam closed
the jaws,

{0108] When the jaws are in g closed configuration, the jaw angle 128 can be from abowt
0° fo about 3°, more narrowly from about 0° to about 2°) for example about 8%

[0109] Figures ¢ and 11b llustrate that the upper jaw tip 206 can be pressed info and
through the septum rail port 92, The top or apper frack 264 can form a conlinuous lumen
132 with the bottom or lower track 148, for example, that the shuttle 14 can shide through
I I0] A side slot 72 of upper jaw 78 can align with a side slot 72 of lower jaw 80, The
suture holder 18 can extend through the side slot 72 and bold the suture 70 1n the side slot
72, The suture holder 18 can translate sature 70 back and forth between the upper 78 and
fower faws 80 in the side slot 72 as the shattle 14 1 translated back and forth between the
upper 78 and lower jaws 80,

j0111] Figures 12a through 12¢ illustrate that the shuttle 14 can a rail 16, for example a
shuttie spine 160, and shuttle 14 lateral arms or fingers extending laterally andfor inwardly
from the shuitle spine 160, The shutile fingers 156 can extend laterally, downwardly, and
mredially with respest 1o the shuttie spine 160, as shown. The shuttles 14 can have shits 20
or shutife lateral slots 158 between the shaitle fingers 156, The shuttle fingors 156 can be
flexible or rigid.

{0112} The shaitle 14 can have a shuttle longitodinal axis 157, The shuttle longituding]
axis 157 can be flat or corved, for example have a shutile rading of curvature 154 from
about 3 i 0 about & pam, more sarrowly from about 3 mu to about 4 mun, for example
about 3.5 mm.

{8113} The shuttle spine 160 can be flexible orrigid. The shuttle 14 can be made from a

single panel of material {e g, metal), Tor example by bending and laser cutting the panel.

13
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{0114} The suture holders 18 can be one, two or more circudar, oval, or otherwise
elongated, longitudinal slots in the shuttde spioe 160, For example, the sutare 70 can
extend through one or both suture holders 18, The sutwre 70 can be fused 1o the shutde 14
adjacent 1o the suture helders 18, A detachable or fixed frame can be attached to the slots
in the shuttle 14 and the sature 70 can be attached w the detachable frame. For example,
the detachable frame can be an gre-shaped wire attached at a Hrst end to a first slot in the
shuttle spine 160 and at a second end to the adjacent seoond slot in the shuttle spine 160,
{01 1S8] Figure 13a iflustrates that the suture holder 18 can be an are integral with the shuttle
spine 160, For example, the shuttle 14 can be made fron a single panel of material (e.g.,
metal), The fateral sides of the suture holder 18 can be o, and the lengiiudinal ends can
remat inlegrated with the shattle spine 160, The suture holder 18 can then be bent or
otherwise deformed away from the plane of the shuttle spine 160, for example forming an
are away from the plane of the shutile spine 160,

[6116] The suture 70 can have a suture loop 162 at the terminal end of the suture 70, The
suture loop 162 can exiend around and completely or partially circumscribe the suture
bolder 18, The remainder of the suture 70 can be integral with the suture loop 162, or can
removably attached to the suture leep 162, The suture loop 162 can be circular or oval
16117} Figure 13b illustrates that the shuitie 14 can have one or more shuttle notches 166
or cut-outs. For example, the shuttle 14 can have two shuttle notches 166 on each lateral
site of the shuttle, The shuttle notches 166 can be even longiiudinally spaced and
distributed along the shuttle 14, The shutde notches 166 can be curved. The sides of the
shuttle 14, other than at the notehes, ¢an be straight.

[0118] A radius of curvature of the shuttle noteh 166 can be from about 1 omm o about 2
mm.

{0119] Figures 14a through 14e illustrate that one or both of the longiiudinally terminal
endds of the shuttle T4 can be curved or sharpened shutile tips 164, For example, the shatile
tip 164 can have an angied chisel tip or needle @ip.

[8128] The shaitle holder can have a holder keader 170 exiending away from the shuitle
spine 160, The end of the holder leader 170 away from the shuttle spine 160 canbe a
closed wire loop 98 configured 1o atfach 1o the spture 70, A loop neck 172, such as a dual
clamp, can fix a first terminal end of the leader wire to an inlermediate point on the holder
feader 170, as shown. A second termingl end of the holder teader 170 can extend through
the shuttle longitudinal slot 174 and terminate at a leader anchor 168 sach as a coimp or

swaged ball or dise having a farger diameter than the width of the shuttle longitudinal siot
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174, for example to shidably gttach the suture holder 18 1o the shutile tongitudinal slot 174,
The soiure holder 18 can be shdably captured i the shaitle fongitedinal slot 174 by the
feader anchor 16X

8121} The holder leader 170 can be wransiatably anddor rotationally fixed in the shaitle
fongitudingl slot 174 or cap shide andf/or rotate in the shuttle fongitudinal slot 1740 For
example, the wire loop 98 can extend past a first end of the shuttle sping 160 when the
shuttle 14 is bomng translated fiy a fist direction (e.g., toward the lower jaw 80 from the

upper jaw 78), and the holder leader 170 can passively rotate and translate when the shuttle
{4 is then transiated a8 second divection (e.g., toward the upper jJaw 78 from the lower jaw
80).

{0122} The bolder leader 170 can be rigid or flexible. For example, the holder leader 170
can be made from stainless steel, other material disclosed herein, or combinations thereof,
{8123} The suture 70 can be passed through andfor fied o the wire Toop 98, The wire loop
9K can be at @ height away from the shuttle spine 160, The wire loop 98 can extend
proximally or distally past the end of the shuitle tip 164, For example, the suture 70 can be
attached to the wire loop 98 away from sharp edge sharps to nupimize the risk of cutting or
damaging the suture 70,

J6124] Figures 13z and 13b iltustrate thaf suture 70 can be divectly attached or fused o the
shuttle spine 160 at a swture altachment 176 in the lenghudingl and lateral middie of the
shuitle 14, The suture 70 can be braided.

[ 25] For example, the eatire shuttle 14 can be made from plastie and can bo malded,
overmolded, or otherwise joined to a plastic suture. The sufure can be thermally formed to
the shattle 14, The suture 70 can extend through the shuitle 14, for example at a stture
anchor 178, The suture anchor 178 can be the terminal end of the suture 70 extending
through and attached Yo the shatle 14,

{0126} Figures 16a and 1ob illustrate that the leader or wire loop 98 can extend partially or
entirely in a plane perpendicudar to the plane of the shuttle spine 160, A first terminal end
of the wire loop 98 can have a leader Brst anchor 184 A second terminal end of the wive
foop 98 can have a leader second anchor 186, The shuitle spine 160 can have a shuttle
fongitudinal first slot 180 and a shuitle fongitudinal second slot 182, The shuttle
fongitudinal slots 174 can be elongated or circular. The wire loop 98 can be made from
Nitinol andéor steel, for exanple, and can be tied to the sutare.

{O127] The wire loop 98 can extend throagh the shuttde longtindinal slots 1740 The leader

first and second anchors can be on the underside {(e.g., the coneave side or radially interior
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side} of the shuttle spine 160, The wire leop 98 can be on the outerside {e.g., the convey
side or radially exterior side) of the shuttle spine 160, Netther, one, or both of the feader
anchors 168 can be fixed or integrated (e.g., melted or welded) o the shuttie spine 160,
Neither, one or both of the feader anchors 168 can be slidably attached 1o the longitudingl
stots. The wire loop 98 ¢an be fixed or slide longitudinally with respect to the shuttle spine
160,

{01 28] The wire loop 98 can have a longitudinally symmetric or assyvaetric {as shown)}
shape. For example, the wire loop 98 can be an arc (similar to the shape shown by the
suture holder 18 in Figures 13a and 130 or can assymetrically overhang {as shown) foward
onte of the ends of the longitudinal shuttle.

{0129] Bigure 17 Hlustrates thatl the device 188 can have the shuttle 14 in a position
spanning across the upper jaw 78 and the lower jaw 80, The jaws can have jaw lateral
ridges 190, The shuttle fingers 156 can wrap around the jas lateral ridges 190, for
example, slidably attaching the shottle to the jaws. The jaw Jateral nidges 190 at the
terminal ends of the upper 78 or top jaw 30 and the boltom or lower Jaw 8U can align when
the Jaws are 1 a closed configuration, for example so the shutile 14 can slide along a
continucus ridge between the upper 78 and lower jaws 80,

[0E30] Figure 17b 1ustrates that the device 188 can have g lowey pusher 76 slidably
attached o the jaw latoral ridge 190 on the fower jaw 80, The lower pusher 76 can abut the
shuitle 14

{131] Figure 1 7¢ Hustrates that the device 188 ¢an have an upper pusher 86 slidably
attached to the jaw lateral ridge 190 on the upper jaw 78, The upper 86 andfor lower
pushers 76 can be shaped like the shattle 14, The shuttie 14 can be pushed onto a straight
fength of the lower jaw 80, The shuttle 14 can deform {0 a straight configuration when on

a straight leagth of the jaws and to a curved configuration when an a curved length of the

Jaws,

{0132} The pushers can be generally shaped suntlarly to the shuttles 14, having fingers,
fongitadingl slots, spines and lateral slots between the fingers. More than ene pusher can
be used concurrently on a single device 138 (e.g., if the pushers in Figures 17b through 17d
vere shutties 14 and if sdditional pushers were useﬁ)? for example to deliver multiple
sutures 70 o the same farget site.

0133} Figure 1'7d tHustrates that the shuttle 14 can be pushed, as shown, o the upper jaw

7% by the lower pusher 76, The lower pusher 76 can then retreal onto the lower jaw 80,
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{6134} Figures 18a and 1 8b iHusirate that the opper and/or ower jaws 80 can cach have

jaw spines 208, The jaw spines 208 can extend medially from the remainder of the jaws

toward (g5 shown) or away from the jaw control extension fongituding! axis. For example,
the jaws spines can extend from the remainder of the jaws distally wntil the terminal distal
onds 2 of the jaws, distal o where the jaws extend into a medially-curved jaw medial
extension ¢loser to and in the respective jaw tip from a jaw longiuding! extension 191,
202,

1 35] The jaws can have jow lateral ridges 190 or ratls 16, as deseribed alsewhere horsin.
The jaws can have a T-shaped cross-section.

{9136} The shaitic 14 can have shuttle Iingers 136 that can cach have a shuttle downward
extension 196, The shuttle finger 156 can cach have a shuttle lateral extensions 192
extending laterally from the respective shuttle spine 160 The shuttle fingers 156 can have
shutitle downward extensions 196 that can each extend downward {e.g., toward the
fongitudinal axis of the Jaw structure) from the laterally terminal ends of the Iateral
extensions. The shutile fingers 156 can have shuitle inward extensions 194 that can extend
mward from the shuttle downward extensions 196, The shuttle spines 160 andfor lateral
extensions, downward extensions, and inward extensions can shdably wrap around the jaw
fateral ridges 190,

JOE37] The upper jaw tp 206 andfor lower jaw tp 198 can have blunt, beveled {v.g.,
needle-tipy, chiset (e.g., beveled on opposite sides, as shown in Figures 18z and {8b),
conical, Sprotte, diamond, Tuohy tps, or combinations thereof (c.g., the upper Jaw tip 206
can have a first tip shape and the lower jaw tp 198 can have a second tip shape). The bevel
on the distal side of the jaw tips can have the same angle and length, or a smaller angle and
fonger fength than the bevel on the proximal side of the jaw tips.

{E38] The upper jaw tip 200 can have a tip gap 298 or touch the lower Jaw ip 198 when
the jaws are in a closed configuration,

{0139} Figures 19a and 19b illustrate that the jaw spines 208 iy one or both jaws can
terminate before the respective jaw tips or jaw modial extensions.

{0148] The bevel on the proximal side of the jaw tips can have a smaller angle and longer
fength than the bevel on the distal side of the jaw tps.

[6E41] Figores 200 and 20b iHostrate that the jaw spine 208 on the upper jaw 78 can exiend

along the straight fenath of the upper jaw 78 and can termingi ator proximal © the upper

aw medial extension 204 or upper jaw 1ip 200, The jaw lateral ridge 190 on the upper jJaw

78 can extend to the terminal distal tip of the upper jaw 78.
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{0142} The jaw spine 208 on the lower jaw 80 can extend o the terminal distal tip of the
fower jaw 80,

[0143] The jaw lateral ridge 190 on the lower jaw 80 can extend along the straight fength
of the lower jaw 80 and can terminate at or proximal fo the fower faw medial extension 200
or lower jaw tip 198,

[0E44] When the jaws are i a closed contigoration, the lower jaw tip 198 can be
positioned proximally to and overlap the upper jaw tip 206, The upper jaw tip 206 and
fower jaw tip 198 can overlap along a tip interface 211, For example, the distal end 2 of
the jaw spine 208 on the lower jaw 80 can overlap and slide agaiast the proximal side of
the upper jaw tp 206, The upper jaw tip 206 can contact the fower jaw iip 198 al the tip
mderface 211 or there can be a gap bebween the upper Jaw tip 2006 and the lower jaw tip 198
at the tip interface 211

[0145] The tip inferface 211 can have a tip interface axis 214 with respect to the jaw
structire longitudinal axis 42, The tip inferfsce axts 214 can intersect the jaw structure
k}ngimﬁimi axis 42 at a tip wterface angle 212 of about 90°.

{0146] The upper jaw Lip 206 can be distal to the lower jaw tip 198 at the tip inferface 211
[0147] The distal tenminal end of the jaw lateral ridge 190 of the upper jaw 78 can contact
or not contact the distal termmal end of the jaw lateral ridee 190 of the lower jaw 88 when
the jaws are i a closed copfiguration.

{0148] Figures 21a and 21b llusirate that the tip mterface 211 can have a tp mterface axis
214 with respect o the Jaw stracture longiudinal axis 42, The lower jaw fip 198 can be
distal 1o the upper jaw tip 206 at the tip interface 211, The tp interface angle 212 can he
from about 307 to about 607, more narrowly 307 o about 45%, Tor example about 35%
{0149] Figures 22a throngh 220 llustrate that the distal end 2 of the lower jaw tip 198 (as
showa} or upper jaw tip 206 can have a tp scat 216, The tip scat 216 can be shaped ©
receive the shape of the opposiie jaw tip. For example, the tp seat 216 can be thangular
(2.8, A-shaped or V-shaped).

[0156) The tip scat 216 can surround the lateral sides and distal side of the upper jaw tip
206 when the jaws are in a closed configuration. The tip seat 216 can contact or not
coartact (1., there can be @ gap) the npper jaw tip 206 when the jaws are in a closed
configuration.

{8151} The jaw lateral ridge 190 of the jaw with the tp scat 216 {the bottom jaw 3¥, as

shown) can extend to the terminal end of the lower jaw tip 198 and the tip seat 216, The

faw lateral ridge 190 of the jaw opposite of the dp seat 216 {the upper jaw 78, as shown)
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can narrow, for o a point al the terminal end of the respective jaw tp. The narrowed jaw
fateral nidge 190 can be recetved within the tip seat 218,

[0152] Figures 230 and 23b iHostrate that the upper 78 andfor lower jaws 80 can have
circutar or oval cross-sections. The upper 78 and/or lower jJaws 80 can be made from solid
or hollow rods, for example having g diameter of from about 0.030 in. to about 8100 i,
for example aboat 0.060 m.

{6153} The tenminal end of the upper andfor lower jaw tip 198 can have a contal shape.
The terminal end of the lower jaw tip 198 can have an tip seat 216 that can be inverse or
negative to a conieal shape, for example sized and shaped to receive the upper jaw tip 206,
[0154] The shottle 14 can have a cireular or oval cross-section.

{0155} The pushers can have pusher fingers 219 extending from the pusher spine 218,
similar to the shattle fingers 156 and shuttle spine 168, The pusher fingers 219 can be
triangular,

{6136} Figures 24a through 24e tlustrate that the distal end 2 of the deviee 188 can be
mserted mto a cannula 220, for example to be deployed percutancously through ¢ cannuls
226 mserted in a patient at a targetl site. The cannula 226 can have a cannula inney
dimmeter 228 The cannuda inner dismeter 228 can be from about 4 pun 10 about 8 o, for
example 7 mm, or .86 mim {0.270 in), or 15 French gauge (3 mm (0197 ).

JBE87] The shattle 14 can have a shuttde height 220, The shuttle height 220 can be from
about 0020 in, to 0.060 in., for example about 8.041 in.

{158] The compression cover 34 can be attached  or mtegral with ong or more jaw
control extensions 40, For example the jaw control extensions 40 can extend from the
fateral distal ends 2 of the compresston cover 34, The jaw control extension 40 can
shidabiy attach to or contact the jaws divectly or indivectly. The jaw control extension 40
can push the jaws apart from cacl other when the jaw comtrol extension 40 5 translated
proximally with respect to the jaws, and toward cach other when the jaw control extension
40 15 translated distally with respect o the jaws.

{8159] One or more upper cam pins 222 can extend laerally from the one or both lateral
sides of the proximal cod of the npper jaw 78, One or more lower cam ping 232 can extend
faterally from the one or both lateral sides of the proximatl eod of the lower jaw 80 at the
same or different longitudimal position as the upper cam ping 222,

0168} The jaw control extensions 40 can have one or more upper cam slots 230 and one or

more fower cam slots 224, The upper 230 and/or lower cam slols 224 can be straight,
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curved, angled (as shown) or g combination thereoll The cam pins van be positioned inside
and throagh the respective cam slols, The cam pins can slide within the cam slats,

{0161] When the jaw control extension 40 is transiated distally with respect to the jaws, the
cam pins can stide proximally within the respective cam stols and rotate the jaws away
from each other. When the jaw contral extension 40 is {ransiated proximally with respect
o the jaws, the cam pins can slide distally within the cam slots and rotate the jJaws toward
each other.

{0162] The jaws can have a jaw oxtension fength 234, The jaw extension leagth 234 can
be the length from the distal end 2 of the jaw contrel extension 40 to the proximal side of
the jaw tips. The jaw extension length 234 when the jaws are 1 a closed configoration can
be from about § mrm 1o about 30 mm, for example about 16 mm and 15,95 .

{8163} The jaws can have a jaw straight gap 230 along the straight length of the jaws. The

jaw straight gap 236 can be from about 1 nan fo about 3.5 mm, for example about 1.1 mm

or about 3.2 num. For example, the canmda inner diameter 228 can be 5 mn and the jaw
&s{rajght gap 236 can be sbout 1.1 mm.

{0164] The jaws can be separate or can be witegrated at a jaw body. Jaws mtegrated in a

jaw body can rofatably deform away from cach other when moved It an open

configuration.

[0165] Figures 25a through 231 ilusirate that the upper jaw tip 206 andior lewer jaw tip
108 can have suture holder slots 238, The seture holder stots 238 can extend medially
along the outer surface of the respective jaw tip, The suture holder slot 238 can extend
from the outer surface of the jaw Hp to the respective track. The suture holder 18 can be
accessible through or extend out of the suture holder slot 238, The sutare 70 (not shown)
can attach to or be integral with the suture holder 18 in or cutsude of the suture holder slot
238.

{0166} The upper track 264 can disfally terminate at an upper jaw tip shuttle port 2400 The
fower track 148 can distally ternunate at a fower jaw tip shuttle port 236, The shuttle 14
can extend ond of or into, and pass through each of the shuitle 14 ponts. During use, the
sharpened shuttle tip 164 extending out of the shuttle port can pierce, cut and dissect tissug
74 when the jaws are rotated to a closed configuration.

[6167] The upper jaw 78 andior lower jaw RO can have a jaw stop 242, The jaw stop 242
can be a feature, shape or configuration that can abut and stop the distal translation of the

compression cover 34 with respect to the jaws. For example, the distal terminal end of the
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compression cover 34 can abut the jaw stops 242 when the jaws sre o a closed
configuration,
18168 The radially inper surface of the jaws can bave radially mner slopes 250,
10169} The upper jaw 78 andior lower jaw RO can have a jaw shde 244, The jaw shide 244
can be a radially outer surface of the jaws between the Jaw stops 242 and the compressien
over 34 when the compression cover 34 s in a proximally retracted 126 position with
respect fo the jaws andior the jaws are in an opened configuration. The jaw shide 244 can
werease i radius from the jaw structwre longitudinal axis 42 in the distal longitudinal
direction (o.g., the larger the longitudinal dimension of the jaw slide 244, the larger the
radial dimension of the jaw shide 244). When the compression cover 15 translated distally
138 with respect to the jaws, the radially ner distal edge of the compression cover 34 can
shde along the jaw shide 244, and press the jaw slide 244 toward the jaw stricture
fongitudinal axis 42, A radially compressive force delivered from the compression cover
34 to the jaw shide 244 can ereate a torque in the respective jaw, rotating the respective jaw
toward the jw structure longiiudinal axis 42 and the opposing jaw.
{0179] The deviee 188 can bave a jaw control extension 40, The jaw control extension 44
can extend along the jaw structure fongitudingd axis 42, The jaw control extension 40 ¢an
extend between the jaws proximal to the jaw tips. The jaw control extensions 40 can
terminate n @ jaw control extension head 254,
{0171 The jaw control extension head 234 can have one or two lebes or cams, Each lobe
can extend from the longitudinal axis of the jaw coarod extension 40 toward a jaw. The
fobes can act similarly o the opening roller ball shown in Figures 4a, 4d, and elsewhere
herein. The upper jaw T8 and lower jaw 80 can have upper and inner jow radially inner
slopes 250, respectively. The tnner slopes can be the radially inver surfaces of the jaws
proximal to the jaw tips and distal © the jaw control extension head 2534 when the jaw
control exiension head 254 15 in a proxumally refracted postiion with respect to the jaws.
The radially imer slope 230 can increase in radius from the jaw structure longitudinal axis
42 in the distal longitudinal direction {o.g., the targer the longiudinal dimenston of the
radially inner slope 230, the larger the radial dimension of the radially inner slope 2503
When the jaw control extension 44 is proxiumally translated or retracted with respect to the
jaws, the lobes can slide against the radially inner slopes 250 of the Jaws and press the jaws
away from each other inte an open configuration.
{8172] When the jaws gre in an open configuration, the compression cover 34 can be

positioned at or proximally past the proximal end of the jaw shides 244, and the jaw
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extension head can be positioned al or proximally past the proximal end of the radially
mner slopes 230,

[0173] The jaw controf extension 40 can be attached 1o or integral with a control rail 248,
The control rail 248 can extend radially from one or both lateral sides of the jaw control

extension 44, for example it a plane at a right angle 10 g plane defined by the apposing

jaws or the opposing extension head lobes 252

{0174} The compression cover 34 can have g control rail slot 246, The control rail slot 246
can extend to the distal erminal end of the compression cover 34, The controd ratl 248 can
be fixed to or longitadinally translate within the controd rail slot 246, The control rail 248
can mterference Ii, abut or stop agaimst the proximal ond of the control rail slot 240, for
example when the control vail 248 is in a proximal or distal longitudinal posttion with
respect fo the jaws. The controf ratl 24K can move longitudmally in unison (L.,
comeidentallyy with the compression cover 34 in the distal andfor longindinal directions.
The control rail 248 can move longitudinally in unison with the jaw control extension 40 in
the distat andfor longitudinal directions.
{0175 The deviee 188 can bave an upper socket anm 23X and a lower socket arm 270
radiaily inside of the compression cover 34, The upper socket gray 238 and lower socket
arm 270 can be g single integrated element (e.2., a hollow cylinder) or separate elements
The upper socket arm 238 can be opposite the lower socket arm 270, The upper socket arm
258 can be translatably fxed (e, mechanically atached to translaie in unison) fo the
fower spcket arm 270, The jaw contro! extension 30 can extend longitudinally between the
upper 258 and lower socket arms 270 or within a hollow channel inside a unitary socket
arm {eomprising the upper 258 and lower socket arms 270 as an integrated element). The
distal terminal ends of the socket arms can extend to or proximal to the distal terminal end
ot the compression cover 34 when the jaws are iy an open configuration,
{0176} The proxamal terminal end of the upper jaw 78 can have a laterally elongated upper
jaw beaning 262, The wpper jaw bearing 262 can extend radially outward from the
remainder for the proximal end of the upper Jaw 78,
{0177} The distal end 2 of the upper socket arm 238 can have a laterally elongated upper
jaw socket 268, The upper jaw socket 260 can open nedially and have a diameter
approximately equal {o or slightly larger than the diameler of the apper jaw bearing 202,
6178} An upper jaw 78 hinge can have the upper jaw bearing 262 and the upper jaw

"3' ot
.»

socket 200, The upper jaw 78 cgn rotale around the transverse axis of the opper jaw

bearing 262, The upper jaw bearing 262 can rotate in the upper jaw socket 260
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{6179 The proxunal torminal end of the ower jaw 80 can have a laterally clongaied lower

jaw bearing 266, The lower jaw bearing 266 can extend radially outward from the

remainder for the proximal end of the fower jaw 80,

[0180] The distal end 2 of the lower socket arm 270 can have a haterally elongated lower

jaw socket 268, The fower jaw socket 268 can opon medially and have g digmeter

approxumaiely equal to or slightly larger than the digmeter of the lower jaw bearing 266,
{0181] A lower jaw 80 hinge can have the lower jaw bearing 266 and the lower jaw socket
268, The lower jaw 80 can rotate arpund the transverse axis of the lower Jaw bearing 266.
The lower jaw bearing 266 can rotate i the fower jaw socket 268,

[0182] The upper 86 andfor ower pushers 76 ¢an have ontire lengths or only distal ends 2
that can have articalated segmentations 286, The articulated segments 286 can rotale with
respect fo each other around an axis perpendicular to the longitadinal axis of the respective
pusher. The articulated segmentations 286 can be connected by a discrete hinge {e.g., a pina
or snap eonnection) or can be Jongitndinally cotncidental or longitudinally alternating
lateral slots cut into the sides of the pusher, similar {o the shape of the shuttle lateral slots
ISR, The proximal end of either or both upper 86 and lower pushers 76 can have g
continucus, nen-segmented, flag, aniform ribbon of maderial,

j6183] Each of the upper 86 and/or lower pushers 76 can have distal terminal ends that can
have & shuttle seat 274, The shuttle seat 274 can be an inverse shape to the shape of the
shuojtle tip 164, For exgmple, i the shuttle tip 164 has an angled end, the shutde seat 274
can have the opposite angle. If the shattle 8p 164 has a convex cupved end, the shotle seat
274 can have a concave curved end with the same rading of curvature as the shutile tip 164,
[0184] Figures 26a through 264d llustrate that the compression cover 34 can be distally
transtated, as shown by arrow, with respect to the jaws, The compression cover 34 can
deliver transtational force through the edges of the control ratl slot 246 1o the contred rail
248, The control rail 248 can deliver the translationad foree to the jaw control extension 40,
The jaw control extension 40 can translate distally, as shown by arrow, concurrently with
the compression cover 34, The compression cover 34 can translate 138 over the jaw shides
244, pressing radaally inward on the jaw shides 244, The jaw control extension head 254
can move distally with respect o the jaws, as shown by arrow 280, for example, allowing
the closure of the jaws without inferference fitting or abutiing against the jaw condrol
exfension head 254, The upper jaw 78 and/or lower jaw 80 can rotate radially Inward, as

shown by arrpws,
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[B185] When the jaws are i a closed configuration, the compression cover 34 can be
positioned at or adjacent 1o the faw stop 242, and the Jaw extension head can be postlioned
at or proximally past the proximal end of the radially inner slopes 230,

[0186] When the jaws are in a closed configuration, i the shuttle 14 is 1n the upper track
204, the apper pasher 86 can translate distally through the opper ack 264, The distal
terminal end of the upper pusher 86 can abut the shuttle 14, The upper pusher §6 can thea
push the shattle 14 through the upper track 264, ont the upper jaw tip shuttle port 240 and
e the lower faw tip shutile port 256,

[6187] When the jaws are @ a closed configuration, if the shuttle 14 15 in the lower rack
148, the lower pusher 76 can ranslate distally through the lower track 148, The distal
termunal end of the lower pusher 76 can abut the shuttle 14, The ower pusher 76 can then
push the shattle 14 through the lower track 148, ont the lower jaw tip shuttle port 256 and
mto the upper jaw tip shutile port 240

[0188] When the shuttle 14 is pushed from the upper track 264 (o the lower track 148 or
vice versa, the shuttle 14 can be curvilinearly franslated 282, as shown by arrow, following
the paths of the upper track 264 and the lower track 14X

[E89] When the jows are in a closed configuration, the shuttle 14 can move from the
upper jaw 78 o the lower jaw RO, as shown hy arrow, back to the upper jaw 7K, and can

repeat the motion from the upper jaw 78 to the lower jaw 80, and aptionally from the lower

jaw RO to the upper jaw 78 ong, two or more times,

{199] The device 188 can bave a pusher lockout that can provent transiation of the
pashers and the shaitle 14 when the jaws are i1 an open configuration,

{0191} The device 188 can have a jaw lockout preventing opening of the jaws when gither
of the pushers 1s extended out of the respective Jaw tip shuttle port and/or when the shuttle
14 13 concurrently m the upper jaw 78 and the lower jaw &

{0192} Fieure 27 tHustrates that the upper pusher 86 can be distally translated with respect
to the jaws. The upper pusher 86 can curvilenearly translate, as shown by arrows 284 and
388, along the upper track 264, The distal terminal end of the upper pusher 86 can exit oat
of and extend from the upper jaw tip shuitle port 240, The V-shaped (or A-shaped}, or
curved (e.g., U-shaped) shuttle seat 274 at the distal tenminal end of the upper pusher 86
can abut the Vshaped {or A~shaped), or curved {c.g., U~shaped) shuttle tip 164 at the
terminal end of the shutde. The upper pusher 86 can push the shuttle 14 through the upper

track 264, across the gap betwveen the upper jaw tip shuttle port 240 and the lower jaw tip
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shuitle port 256, and into the lower track 148, The shuttle 14 can have a curvilinear
transiation 282, as shown by arrow, along the wacks.

{0193} The lower pusher 76 can have no or ong fower pusher articulating segment {(as
shown), or can have @ number of articulating segments, stmilar o the upper pusher 86 in
Figure 27,

{0194] Figure 28 illostrates that the sutare 70 can be tied or adhered direcdy to suture
bolder 18, for example as shown i Figures 13a and 13b. The suture 70 can have a soture
foop 162, The suture loop 162 can circumscribe the suture holder 18,

[6195] Figure 2% fllustrates that when the jaws are it a closed configuration, the teraynal
ond of the upper jaw tip 200 can be in contact with or have 4 tp gap 290 to the terminal
end of the lower tip jaw. The tip gap 290 can be from about O i, to about 0.020 w., for
example about D008 .

[8196] The shuttle 14 can have a shuttle width 292, The shuttle width 292 can be from
about 0.030 0. to abowt D100 in., for example about 0.060 in.

{197] The shaitle 14 can be made from vickel ttanium allovs {e.g., Nilinel), slamless
steel, other materials disclosed herein, or combinations thereol

{1 98] Figures 30a, 30k and 31 Hlustrate that the lever 106 or handle 104 can control the
rojation, and opening and closing of the jaws.

[6199} The handle 104 can bave g handle pivot 302, The handle pivet 302 can be g
rotatable pin joint where the handle 104 can rotatably attach to the base 102, The handic
104 can rotate around the bandle pivot 302 with respest t the base 102,

10200} The handle 104 can be attached 1o the socke! arms andfor the compression cover 34
(as shown). For example, the conypwession cover 34 can have radially andior laterally
extending cover pins 304, The cover ping 304 can attach to the jaw control extension 48
The handle 104 can have one or two trapsmission ports 314 oy loops 296 on opposing
fateral sides of the compression cover 34, The cover pins 304 can extend through the
transimission loops 296,

[0201] The other of the socket arms (as shown} and compression cover 34 not attached to
the hemdie 104 can be attached to the base 102,

{0202] Squeezing and rotating the handle 104 {oward the base 102 can distally extend 138
the compression cover 34 and jaw control extension 40 with respect to the jaws, or
proximally retract 126 the jaws with respeet to the compression cover 34 and jaw control
extension 40, When the handle 104 1 rotated, the jaws can move 1 an open configuration,

For example, when the bottom of the bandle 104 is rotated proximally toward the base 102,
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the transmission loep 396 can rotate distally toward the jaws, pushing the cover pig 304
and the compression cover 34 distally. The transmission loop 296 can foree the
compression cover 34 andfor Jaw control extension 40 to translate distally, for example,
closing the jaws.

{0203} The proximal end of the upper socket arm 258 and the proxumnal end of the lower
socket arms 270 can be an integral element or can be fixedly attached by a socket grm brace
300,

{0204} The terminal proximal ead of the upper pusher 86 can attach o or be integrated
with an upper pusher 86 shaft andior upper pusher button 210a. The terminal prasimal end
of the lower pusher 76 can attach to or be integrated with a lower pusher shaft andior lower
pusher button 210b. The proximal distal ends 2 of the upper pusher button 210 and lower
pusher bution 2 10b can be above and below each other or side-by-side {c.g., loft and right,
as shown), The device 188 can be configured so that pressing (e g, distally translating) the
upper pusher button 2 Ha can distally advance the upper pusher 86, and pressing (e.g.,
distally transhating ) the lower pusher button 210b can distally advance the upper pusher 86,
Pressivng the upper pusher button 210 can proximally retract the lower pusher 76 andior
fower pusher button 210b. Pressing the lower pusher button 210b can proximally retract
the upper pusher §6 andéor upper pusher button 210

JOZO5] The medial sides of the disial ends 2 of the upper and lower pusher butions 210b
can have ppper pusher batton gears 310 and fower pusher button gears 306, respectively.
The upper pusher bution gears 310 can face the lower pusher button gears 306,

10206} The pusher toggle knob 294 can be rolatably attached o the base 102, The pusher
topgle kneb 294 can be integrated or rotationally fixed o a pusher toggle kneb gear 308,
The posher toggle knob gear 308 can rotatably interface and interdigitate with the upper
pusher button gear 310 on a fivst side and with the lower pusher button gear 306 on the
opposite side of the upper pasher bution gear 310

{0207} When the upper pusher button translates distally 284, the upper pusher button gear
310 can rotate the pusher toggle gear, for example also rolating the top of the pusher togale
knob 294 to a position indicating that the upper pusher button 210a has been translated
distally 284, The top surface or circumiference of the fop of the pusher toggle knob 294 can
have an indicator, such as an arrow, that can indicate whether the upper pusher 86 or the
fower pusher 76 has been translated and by how far, for example indicating the position of
the shuitle 14 in the upper frack 264, tower track 148, extending ont of one frack, or

extending across both tacks simultaneously. The pusher foggle gear can simultancously
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proxunally transtate the lower pusher button gear 306, For example, when the upper
pusher 86 is distally translated, the lower pusher 76 can be simulianeousty proximally
translated at the same speed,

[9208] When the fower pasher button 210b translates distally, the tower pusher batton gear
306 van retate the pusher toggle gear, for example also motgting the top of the pusher {oggle
knob 294 0 g position indwating that the upper pusher button 210a has been translated
distally 284, The pusher topgle gear can sinultaneousty proximatly translate the upper
pasher button gear 310, For example, when the lower pusher 76 1s distally translated, the
upper pusher 86 can be sinultancousty proximally translated at the same speed.

{8209} The pusher toggle knob 294 can be rotated to translate the upper pusher 86 and the
fower pusher 76 by fransmitting the torgue applied to pusher loggle koob 294 through the
pusher togale knob gear 308 and to the upper pusher button gear 310 and/or lower pusher
hodton gear 306 with or without pressing on the proximal termunal ends of the pusher
buttons.

{0218} Figures 32a and 32b ilusirates that the the pusher toggle knob 294 can be rotated to
transiate the upper pusher 86 and the lower pusher 76 by transmitting the torque applied to
pusher togale knob 294 through the pusher toggle knob gear 308 and to the upper pusher
buiton gear 310 and/or lower pasher bution gear 306 with or without pressing on the
proximal wrminal ends of the pusher buttous,

{0211} The dinmeter of the pusher toggle knob 294 can be smaller than the width of the
base 102, gs shown in Figures30a, 30b and 31, or larger than the width and beight of the
hase 102, and the same size or larger than the handle 104, and the compression cover 34, as
shows in Figares 32a and 32b.

{6212} In a vanation of a method of use, the distal end 2 of the device 188 including the
faws can be mserted through a porawtancous cannula 226 when the jaws are i a closed
conliguration. When the distal end 2 ot the device 188 exits the distal end 2 of the cannula
226 at the target site, the handle 104 can be refeased to rotate away from the base 102, The
handie rotation away from the base 102 can move the jaws to an open configuration. The
distal end 2 of the device 188 can then be further positioned so the target site 13 between the
upper jaw distal tip 206 and the lower jaw distal tip 198, The handle 104 can then be
sgueezed to rofate the handle 104 toward the base 102, The handle rotation toward the
base 102 can move the jaws into a closed configuration, pinching together tissue 74 at the
target site. The shutile 14 can be completely recessed in the jaw into which the shuttde 14

s loaded, or the shuttle tip 164 can extend out of whichever jaw the shuttle is cunvently
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loaded o, The shuttle tip 164 can pierce the Ussue 74 as the jaws are closed or after the

jaws are closed when the shuttle 14 is translsted.

[0213] Alter the jaws are closed, the upper 210a or fower pusher bution 210b {e.g.,
respective to whichever track the shuttle 14 is curvently 1) can be pressed, distally
advancing the respective pusher, The respective pusher can press the shuitle H distally,
through the gap between the upper 78 and lower jaws &0, i such a gap exists, or divectly
from one jaw to the other jaw. The shuttle 14 can pall the suture 70 to follow the path of
the shuttle 14 or follow a path adjacent to the shattle 14, Whaen the respective pusher
button s fully depressed, the device 188 can emit a sound andfor tactile response (8.g.,
from a spap or dotent in the button or pusher and track) and the pusher toggle knob 294 can
have an indicator {¢.g.. & line or arrow) indicating that the shuttle 14 has been fully
transtated across the jaws.

{8214} The handle 104 can then be rofated away from the base 102, For example, the
handle 104 can be released and spring loaded (o return o a position rotated away from the
base 102, The rotating handle can proximally transiate the transmission loop 296, The
transiission foop 296 can proximally pulf and transiate the compression cover 34 and jaw
control extension 40, opening the jaws,

6215} The device 188 can then be repositioned so the Jaw {ips are removed entirely, for
example i stitching 1s complete, or moved adjacent o their previous position i order 0
place a new stitch, The handie 104 can then be squeszed, closing the jaws, The pusher
button of the track in which the shuttle 14 15 positioned can then be pressed. The shuttle 14
can then move o the opposite jaw, as described above, pulling the suture 70 through the
tissue 74 and forming a stiteh.

[6216] The above method can be repeated as needed to oreate a fength and position of
desired stitches

{0217} Any or all elements of the device 188 andfor other devices 188 or apparatuses
deseribed heremn can be made from, for example, a single or muliiple stainless steel alloys,

micke! iitantum alloys {e.g. Nitinol), cobalt-chrome alloys (e.g., BLGILOY®R from Elgin

Specialty Metals, Elgin, I, CONICHROME® from Carpenter Metals Corp., Wyomissing,
PAY, nickel-cobalt alloys fe.g, MPIIN® from Magellan lndustenal Trading Company, Inc.,
Westport, CT), molvbdenum alloys {e.g., molybdenum TZM alloy, tor example), tungsien-
rheniam alloys, polvmers such as polyethylene teraphathalate (PET ypolvester (e.g.,
DACRONE from E. 1. Du Pont de Nemours snd Company, W iimi'ng.‘mnx DEY,

polvpropylene, (PET), polvietaflucrocthylene {PTFE), expanded PFTTE (PTFE),
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polyether ketone (PEX ), polvether ether ketone (PEEK), poly ether ketone ketene (PEKK)
{also poly aryl ether ketone ketone), aylon, polyvether-block co-polyamide polymers (e.g.,
PEBAX® from ATOFINA, Paris, France), aliphatic polvether polvarcthanes {eg.,
TECOFLEX® from Thenmedics Polymer Products, Wilnnngton, MA), polyvinyt chlonde
(PVC), polvarethane, thermoplastic, fluorinated ethylene propylenc (FEP), absorbable ar
resorhable polymers such as polyglycolic acid (PGA}Y, polyvlactic acid (PLAY,
polveapredactone {PCL), polyethyvl acrviate {PEA), polydiesanone (PDS), and psendo-
polvanine tyrosie-based acids, extruded collagon, sthicone, zinge, echogenic, radipactive,
radiopagque materials, a biomaterial (e.g., cadaver tissue 74, ceollagen, allografl, autograft,
xenograft, bone cement, morsclized bong, osteogenmic powder, beads of bone) anv of the
other materials listed herein or combinations thereol, Examples of radiopague materials
are barium sulfate, zine oxide, ttanium, stainless steel, nickel-ttanum alloys, tantalum and
gold.

[6218] The shuttle 14 throughow the disclosure herein can be attached to a suture 70
Accordingly, the suture 70 can be altached to the shuide 14 and can follow the movement
of the shuitle 14, Similarly, the suture 70 can be attached 10 and detached from the shuttie
14, for example, attached before and detached after the desired stitching or suturing is
complete.

JO219} It is apparent 10 one skalled in the ant that varioos changes and modiications can be
made to thus disclosure, and equivalents emploved, without departing from the spirtt and
scope of the mvention, Elements shown with aay variation are exemplary for the specific
variation and can be used on other variations within this disclosure. Any elements
dosertbed herein as singalar can be pluralized (Lo, anything described as “one™ can be
more than ong). Any species element of a genus clement can have the characteristics of
clements of any other species cloment of that genus. The above-desertbed configurations,
clements or complete assemblics and methods and their elements for catrving out the
vention, and variations of aspects of the invention can be combined and modified with

cach other i any combination.

29



We claim:

1. A suture manipulating device comprising:

a jaw structure having a longitudinal axis, wherein the jaw structure comprises a first
jaw and a second jaw, wherein the first jaw has a first jaw tip and the second jaw has a second
jaw tip, wherein the first jaw tip has a tooth and the second jaw tip has a tooth seat configured
to receive the tooth, wherein the tooth is configured to interdigitate with the tooth seat when
the jaw structure is in a closed configuration, wherein at least a portion of the second jaw
tip is proximal to and overlaps the first jaw tip when the jaw structure is in the closed
configuration, wherein the first jaw has a first jaw track and a first jaw suture slot, wherein the
first jaw track has a first jaw track straight portion and a first jaw track curved portion,
wherein the first jaw suture slot extends along an outer surface of the first jaw such that at
least a portion of the first jaw suture slot faces away from the device, wherein the second jaw
has a second jaw track and a second jaw suture slot, wherein the second jaw track has a
second jaw track straight portion and a second jaw track curved portion, and wherein the
second jaw suture slot extends along an outer surface of the second jaw such that at least a
portion of the second jaw suture slot faces away from the device;

a suture holder slidably attachable to the first jaw and the second jaw, wherein the
suture holder is slidable in the first and second jaw tracks, wherein when a suture is attached
to the suture holder, the suture is slideable in the first jaw suture slot when the suture holder is
in the first jaw track and is slideable in the second jaw suture slot when the suture holder is in
the second jaw track, wherein the suture holder has a suture holder first tip, a suture holder
second tip, an extension, and a suture holder spine having a spine longitudinal axis, wherein
the suture holder first and second tips are configured to pierce tissue, wherein the extension
extends away from the spine longitudinal axis and away from a surface of the first jaw track
toward the outer surface of the first jaw when the suture holder is in the first jaw track,
wherein the extension extends away from the spine longitudinal axis and away from a surface
of the second jaw track toward the outer surface of the second jaw when the suture holder is
in the second jaw track, wherein the extension is configured to limit movement of the suture

holder when the suture holder is in the first jaw track or the second jaw track, wherein the first
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jaw suture slot exposes an outer surface of the suture holder when the suture holder is slidably
attached to the first jaw, wherein the first jaw suture slot exposes a surface of the first jaw
track when the suture holder is slidably attached to the second jaw, wherein the second jaw
suture slot exposes the outer surface of the suture holder when the suture holder is slidably
attached to the second jaw, and wherein the second jaw suture slot exposes a surface of the
second jaw track when the suture holder is slidably attached to the first jaw;

a first pusher and a second pusher, wherein the first pusher is slidable in the first jaw
track and the second pusher is slidable in the second jaw track, wherein the first pusher has a
first pusher shuttle seat configured to contact the suture holder first tip, wherein the second
pusher has a second pusher shuttle seat configured to contact the suture holder second tip,
wherein the first pusher is configured to push the suture holder from the first jaw track to the
second jaw track, wherein the second pusher is configured to push the suture holder from the
second jaw track to the first jaw track, wherein when the device is in a closed first
configuration, the first pusher is in an advanced position in the first jaw track and the second
pusher is in a retracted position in the second jaw track, wherein when the device isin a
closed second configuration, the first pusher is in a retracted position in the first jaw track and
the second pusher is in an advanced position in the second jaw track;

an opening element between the first jaw and the second jaw, wherein the opening
element is configured to produce an outward force against the first jaw when the opening
element is translated in a first direction along the longitudinal axis of the jaw structure; and

a compression cover configured to compress the first jaw toward the second jaw when
the compression cover is translated with respect to the jaw structure against a first jaw
compression cover surface and a second jaw compression cover surface, wherein when the
jaw structure is in the closed configuration, the first jaw and second jaw compression cover
surfaces are within the compression cover, and wherein when the jaw structure is in an open
configuration, the first jaw and second jaw compression cover surfaces are outside of the
compression cover,

wherein the first jaw track terminates at a first jaw tip suture holder port and the
second jaw track terminates at a second jaw tip suture holder port, wherein when the jaw

structure is in the closed configuration, the first jaw tip contacts the second jaw tip, wherein
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when the jaw structure is in the closed configuration, the tooth and the tooth seat align the
first jaw tip suture holder port and the second jaw tip suture holder port, wherein when the
jaw structure is in the closed configuration, the first jaw tip suture holder port is in contact
with the second jaw tip suture holder port, wherein when the jaw structure is in the closed
configuration, the first and second jaw tracks form a continuous suture holder track, and
wherein when the jaw structure in the closed configuration, the first jaw suture slot is aligned
with the second jaw suture slot,

wherein when the jaw structure is in an open first configuration, the suture holder is in
the first jaw track and the suture holder second tip extends out of the first jaw tip suture holder
port toward the second jaw, and wherein when the jaw structure is in an open second
configuration, the suture holder is in the second jaw track and the suture holder firsttip

extends out of the second jaw tip suture holder port toward the first jaw.

2. The device of Claim 1, wherein the opening element comprises a ball positioned in

contact with the first jaw.

3. The device of Claim 2, wherein the compression cover is slidable along the

longitudinal axis of the jaw structure.

4. The device of Claim 1, wherein the extension extends away from a first jaw track
longitudinal axis toward the outer surface of the first jaw when the suture holder is in the first
jaw track and extends away from a second jaw track longitudinal axis toward the outer surface
of the second jaw when the suture holder is in the second jaw track, and

wherein the extension extends into the first jaw suture slot when the suture holder is in
the first jaw track and extends into the second jaw suture slot when the suture holder is in the

second jaw track.
5. The device of Claim 1, wherein the first jaw suture slot extends medially along the

outer surface of the first jaw and the second jaw suture slot extends medially along the outer

surface of the second jaw,
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wherein the first jaw track has a first jaw track longitudinal axis having a straight
portion and a curved portion, wherein the second jaw track has a second jaw track
longitudinal axis having a straight portion and a curved portion, and wherein the straight
portion of the first jaw track longitudinal axis and the straight portion of the second jaw track
longitudinal axis are at an angle relative to a longitudinal axis of the device when the jaw
structure is in the closed configuration and when the jaw structure is in the open

configuration.

6. The device of Claim 1, wherein the suture holder has a suture holder first longitudinal
end and a suture holder second longitudinal end, wherein the suture holder first longitudinal
end has a shape of the first jaw track when the suture holder first longitudinal end is in the
first jaw track, wherein the suture holder first longitudinal end has a shape of the second jaw
track when the suture holder first longitudinal end is in the second jaw track, and

wherein the suture holder first longitudinal end is straight when the suture holder first
longitudinal end is in the first jaw track and is curved when the suture holder first longitudinal

end is in the second jaw track.

7. The device of Claim 1, wherein the first pusher has slots configured to increase a
flexibility of the first pusher and wherein the second pusher has slots configured to increase a

flexibility of the second pusher.

8. The device of Claim 1, wherein the first pusher shuttle seat is configured to receive the
suture holder first tip and the second pusher shuttle seat is configured to receive the suture
holder second tip, wherein the first pusher shuttle seat is V-shaped or A-shaped, wherein the
suture holder first tip is V-shaped or A-shaped, wherein the second pusher shuttle seat is V-

shaped or A-shaped and wherein the suture holder second tip is V-shaped or A-shaped.
9. A suture manipulating device comprising:

a jaw structure having a longitudinal axis, wherein the jaw structure comprises a first

jaw and a second jaw, wherein the first jaw has a first jaw tip and the second jaw has a second
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jaw tip, wherein the first jaw tip has a tissue cutter and the second jaw tip has a tissue cutter
seat configured to contact the tissue cutter, wherein the tissue cutter is configured to
interdigitate with the tissue cutter seat when the jaw structure is in a closed configuration,
wherein at least a portion of the second jaw tip is proximal to and overlaps the first jaw tip
when the jaw structure is in the closed configuration, wherein the first jaw has a first jaw track
and a first jaw suture slot, wherein the first jaw track has a first jaw track straight portion and
a first jaw track curved portion, wherein the first jaw suture slot extends along an outer
surface of the first jaw such that at least a portion of the first jaw suture slot faces away from
the device, wherein the second jaw has a second jaw track and a second jaw suture slot,
wherein the second jaw track has a second jaw track straight portion and a second jaw track
curved portion, and wherein the second jaw suture slot extends along an outer surface of the
second jaw such that at least a portion of the second jaw suture slot faces away from the
device;

a suture holder moveable in the first jaw and the second jaw, wherein the suture holder
is moveable across a longitudinal axis of the device, wherein the suture holder is slidable in
the first and second jaw tracks, wherein when a suture is attached to the suture holder, the
suture is slideable in the first jaw suture slot when the suture holder is in the first jaw track
and is slideable in the second jaw suture slot when the suture holder is in the second jaw track,
wherein the suture holder has a suture holder first tip, a suture holder second tip, an extension,
and a suture holder spine having a spine longitudinal axis, wherein the suture holder first and
second tips are configured to cut tissue, wherein the extension extends away from the spine
longitudinal axis toward a side of the first jaw track when the suture holder is in the first jaw
track, wherein the extension extends away from the spine longitudinal axis toward a side of
the second jaw track when the suture holder is in the second jaw track, wherein the extension
is configured contact the first jaw when the suture holder is in the first jaw track and is
configured to contact the second jaw when the suture holder is in the second jaw track,
wherein the first jaw suture slot exposes an outer surface of the suture holder when the suture
holder is in the first jaw, wherein the first jaw suture slot exposes a surface of the first jaw
track when the suture holder is in the second jaw, wherein the second jaw suture slot exposes

the outer surface of the suture holder when the suture holder is in the second jaw, and wherein

34

Date Regue/Date received 2020-05-25



the second jaw suture slot exposes a surface of the second jaw track when the suture holder is
in the first jaw;

a first pusher and a second pusher, wherein the first pusher is slidable in the first jaw
track and the second pusher is slidable in the second jaw track, wherein the first pusher has a
first pusher shuttle seat configured to contact the suture holder first tip, wherein the second
pusher has a second pusher shuttle seat configured to contact the suture holder second tip,
wherein the first pusher is configured to push the suture holder from the first jaw track to the
second jaw track, wherein the second pusher is configured to push the suture holder from the
second jaw track to the first jaw track, wherein when the device is in a closed first
configuration, the first pusher is in an advanced position in the first jaw track and the second
pusher is in a retracted position in the second jaw track, wherein when the device isin a
closed second configuration, the first pusher is in a retracted position in the first jaw track and
the second pusher is in an advanced position in the second jaw track;

an opening element movable relative to the first jaw and the second jaw along the
longitudinal axis of the device, wherein when the jaw structure is in the closed configuration,
the opening element is configured to contact the first jaw and the second jaw at first and
second jaw first locations, wherein when the jaw structure is in an open configuration, the
opening element is configured to contact the first jaw and the second jaw at first and second
jaw second locations proximal to the first and second jaw first locations; and

a compression cover moveable relative to the first jaw and the second jaw along the
longitudinal axis of the device, wherein the compression cover is configured to compress the
first and second jaws toward the longitudinal axis of the device when the compression cover
is moved relative to the jaw structure against a first jaw compression cover surface and a
second jaw compression cover surface as the device changes configuration from the open
configuration to the closed configuration, wherein when the jaw structure is in the closed
configuration, the first jaw and second jaw compression cover surfaces are within the
compression cover, and wherein when the jaw structure is in the open configuration, the first
jaw and second jaw compression cover surfaces are outside of the compression cover,

wherein the first jaw track terminates at a first jaw tip suture holder port and the

second jaw track terminates at a second jaw tip suture holder port, wherein when the jaw

35

Date Regue/Date received 2020-05-25



structure is in the closed configuration, the first jaw tip contacts the second jaw tip, wherein
when the jaw structure is in the closed configuration, the tissue cutter and the tissue cutter seat
align the first jaw tip suture holder port and the second jaw tip suture holder port, wherein
when the jaw structure is in the closed configuration, the first jaw tip suture holder port is in
contact with the second jaw tip suture holder port, wherein when the jaw structure is in the
closed configuration, the first and second jaw tracks form a continuous suture holder track,
and wherein when the jaw structure in the closed configuration, the first jaw suture slot is
aligned with the second jaw suture slot,

wherein when the jaw structure is in an open first configuration, the suture holder is in
the first jaw track and the suture holder second tip extends out of the first jaw tip suture holder
port toward the second jaw, and wherein when the jaw structure is in an open second
configuration, the suture holder is in the second jaw track and the suture holder first tip

extends out of the second jaw tip suture holder port toward the first jaw.

10. The device of Claim 9, wherein the suture holder is attached to a flexible rail, and
wherein the rail is slidably attached to the jaw structure, and wherein the rail is slidable along

a longitudinal axis of the first jaw.

11. The device of Claim 9, wherein the extension extends away from a first jaw track
longitudinal axis toward the outer surface of the first jaw when the suture holder is in the first
jaw track and extends away from a second jaw track longitudinal axis toward the outer surface
of the second jaw when the suture holder is in the second jaw track, and

wherein the extension extends into the first jaw suture slot when the suture holder is in
the first jaw track and extends into the second jaw suture slot when the suture holder is in the

second jaw track.
12.  The device of Claim 9, wherein the first jaw suture slot extends medially along the

outer surface of the first jaw and the second jaw suture slot extends medially along the outer

surface of the second jaw,
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wherein the first jaw track has a first jaw track longitudinal axis having a straight
portion and a curved portion, wherein the second jaw track has a second jaw track
longitudinal axis having a straight portion and a curved portion, and wherein the straight
portion of the first jaw track longitudinal axis and the straight portion of the second jaw track
longitudinal axis are at an angle relative to a longitudinal axis of the device when the jaw
structure is in the closed configuration and when the jaw structure is in the open

configuration.

13.  The device of Claim 9, wherein the suture holder has a suture holder first longitudinal
end and a suture holder second longitudinal end, wherein the suture holder first longitudinal
end has a shape of the first jaw track when the suture holder first longitudinal end is in the
first jaw track, wherein the suture holder first longitudinal end has a shape of the second jaw
track when the suture holder first longitudinal end is in the second jaw track, and

wherein the suture holder first longitudinal end is straight when the suture holder first
longitudinal end is in the first jaw track and is curved when the suture holder first longitudinal

end is in the second jaw track.

14. The device of Claim 9, wherein the suture holder has slots configured to increase a

flexibility of the suture holder.

15. The device of Claim 9, wherein the first pusher shuttle seat is configured to receive the
suture holder first tip and the second pusher shuttle seat is configured to receive the suture
holder second tip, wherein the first pusher shuttle seat is V-shaped or A-shaped, wherein the
suture holder first tip is V-shaped or A-shaped, wherein the second pusher shuttle seat is V-

shaped or A-shaped and wherein the suture holder second tip is V-shaped or A-shaped.

16. A suture manipulating device comprising:
a Jaw structure comprising a first jaw and a second jaw, and wherein the first jaw has a
first jaw tip and wherein the second jaw has a second jaw tip, wherein the first jaw tip is

configured to interdigitate with the second jaw tip when the jaw structure is in a closed
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configuration, wherein a terminus of the first jaw and a terminus of the second jaw tip are
sharpened, wherein the first jaw has a first jaw track and a first jaw suture slot, wherein the
first jaw track has a first jaw track straight portion and a first jaw track curved portion,
wherein the first jaw suture slot extends along an outer surface of the first jaw such that at
least a portion of the first jaw suture slot faces away from the device, wherein the second jaw
has a second jaw track and a second jaw suture slot, wherein the second jaw track has a
second jaw track straight portion and a second jaw track curved portion, and wherein the
second jaw suture slot extends along an outer surface of the second jaw such that at least a
portion of the second jaw suture slot faces away from the device;

a suture holder slidably attachable to the first jaw and slidably attachable to the second
jaw, wherein the suture holder is slidable in the first and second jaw tracks, wherein when a
suture is attached to the suture holder, the suture is slideable in the first jaw suture slot when
the suture holder is in the first jaw track and is slideable in the second jaw suture slot when
the suture holder is in the second jaw track, wherein the suture holder has a suture holder first
tip, a suture holder second tip, a first extension, a second extension, and a suture holder spine
having a spine longitudinal axis, wherein the suture holder first and second tips are configured
to pierce tissue, wherein the first and second extensions extend away from the spine
longitudinal axis and away from a surface of the first jaw track toward the outer surface of the
first jaw when the suture holder is in the first jaw track, wherein the first and second
extensions extend away from the spine longitudinal axis and away from a surface of the
second jaw track toward the outer surface of the second jaw when the suture holder is in the
second jaw track, wherein the first extension is configured to limit movement of the suture
holder when the suture holder is in the first jaw track, wherein the second extension is
configured to limit movement of the suture holder when the suture holder is in the second jaw
track, wherein the first jaw suture slot exposes an outer surface of the suture holder when the
suture holder is in the first jaw, wherein the first jaw suture slot exposes a surface of the first
jaw track when the suture holder is in the second jaw, wherein the second jaw suture slot
exposes the outer surface of the suture holder when the suture holder is in the second jaw, and
wherein the second jaw suture slot exposes a surface of the second jaw track when the suture

holder is in the first jaw;
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a first pusher and a second pusher, wherein the first pusher is slidable in the first jaw
track and the second pusher is slidable in the second jaw track, wherein the first pusher has a
first pusher shuttle seat configured to contact the suture holder first tip, wherein the second
pusher has a second pusher shuttle seat configured to contact the suture holder second tip,
wherein the first pusher is configured to push the suture holder from the first jaw track to the
second jaw track, wherein the second pusher is configured to push the suture holder from the
second jaw track to the first jaw track, wherein when the device is in a closed first
configuration, the first pusher is in an advanced position in the first jaw track and the second
pusher is in a retracted position in the second jaw track, wherein when the device isin a
closed second configuration, the first pusher is in a retracted position in the first jaw track and
the second pusher is in an advanced position in the second jaw track;

an opening element, wherein when the jaw structure is in the closed configuration, the
opening element is configured to contact the first jaw at a first jaw first position and the
second jaw at a second jaw first positon, wherein when the jaw structure is in an open
configuration, the opening element is configured to contact the first jaw at a first jaw second
position and the second jaw at a second jaw second position, wherein the first and second jaw
first positions are distal to the first and second jaw second locations along the longitudinal
axis of the jaw structure; and

a compression cover, wherein the compression cover is configured to apply a force
against a first jaw compression cover surface and a second jaw compression cover surface as
the device changes configuration from the open configuration to the closed configuration,
wherein when the jaw structure is in the closed configuration, the first jaw and second jaw
compression cover surfaces are within the compression cover, and wherein when the jaw
structure is in the open configuration, the first jaw and second jaw compression cover surfaces
are outside of the compression cover,

wherein the first jaw track terminates at a first jaw tip suture holder port and the
second jaw track terminates at a second jaw tip suture holder port, wherein when the jaw
structure is in the closed configuration, the first jaw tip contacts the second jaw tip, wherein
when the jaw structure is in the closed configuration, the first jaw tip and the second jaw tip

align the first jaw tip suture holder port and the second jaw tip suture holder port, wherein
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when the jaw structure is in the closed configuration, the first jaw tip suture holder port is in
contact with the second jaw tip suture holder port, wherein when the jaw structure is in the
closed configuration, the first and second jaw tracks form a continuous suture holder track,
and wherein when the jaw structure in the closed configuration, the first jaw suture slot is
aligned with the second jaw suture slot,

wherein when the jaw structure is in an open first configuration, the suture holder is in
the first jaw track and the suture holder second tip extends out of the first jaw tip suture holder
port, and wherein when the jaw structure is in an open second configuration, the suture holder
is in the second jaw track and the suture holder first tip extends out of the second jaw tip

suture holder port.

17.  The device of Claim 16, wherein the first jaw suture slot extends medially along the
outer surface of the first jaw and the second jaw suture slot extends medially along the outer
surface of the second jaw,

wherein the suture holder has a suture holder first longitudinal end and a suture holder
second longitudinal end, wherein the suture holder first longitudinal end has a shape of the
first jaw track when the suture holder first longitudinal end is in the first jaw track, wherein
the suture holder first longitudinal end has a shape of the second jaw track when the suture
holder first longitudinal end is in the second jaw track, and

wherein the suture holder first longitudinal end is straight when the suture holder first
longitudinal end is in the first jaw track and is curved when the suture holder first longitudinal

end is in the second jaw track.

18. The device of Claim 15, wherein the first jaw track has a first jaw track longitudinal
axis having a straight portion and a curved portion, wherein the second jaw track has a second
jaw track longitudinal axis having a straight portion and a curved portion, and wherein the
straight portion of the first jaw track longitudinal axis and the straight portion of the second
jaw track longitudinal axis are at an angle relative to a longitudinal axis of the device when
the jaw structure is in the closed configuration and when the jaw structure is in the open

configuration.
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19. The device of Claim 15, wherein the jaw structure and the opening element are
longitudinally moveable relative to one another along a longitudinal axis of the device, and
wherein the jaw structure and the compression cover are longitudinally moveable relative to

one another along a longitudinal axis of the device.

20. The device of Claim 15, wherein relative longitudinal movement between the jaw
structure and the opening element is configured to open the jaw structure from the closed
configuration to the open configuration and wherein relative longitudinal movement between
the jaw structure and the compression cover is configured to close the jaw structure from the

open configuration to the closed configuration.
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