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(57) Abstract: Suture clip deployment devices for applying suture clips to sutures are described. Some embodiments can include a
generally tubular main body and a vacuum port located at the distal end, a hollow inner body longitudinally slidable within the main

body and extending from the main body at its distal end, and a suture recess located in the generally tubular main body. At least one

e suture clip configured to frictionally fit on an outer surface of the mner body 1s deployed during use. Clip deployment can occur after
a vacuum source 1s applied to the device so as to draw the suture into the device. The suture lines can be retrieved through the suture
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recess, and the device can be actuated so as to deliver the suture clip off the delivery device and onto the suture, locking the suture in
place.
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SUTURE CLIP DEPLOYMENT DEVICES

CROSS-REFERENCE TO RELATED APPLICATION

|001] This application claims the benetit of U.S. Provisional Application No.
61/579,497, filed December 22, 2011, which 1s incorporated by reference herein.

FIELD
|002] This disclosure relates to devices and methods for securing sutures using clips.
BACKGROUND
1003 ] Sutures are used for a variety of surgical purposes, such as approximation of

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

and forth to tie the suture knot.

1004 ] Suture locking devices that eliminate the need to tie knots 1n order to speed up
heart valve replacement are known, as are suture locking devices in general. Suture
retainers or locks are used 1n place of suture knots to prevent passage of a suture end 1nto
and through tissue and to maintain the tension applied to the suture material during the

suturing procedure.,

003 ] When using a method that employs a clip to secure the suture, the clip can be
delivered by advancing the clip along a suture line to the area of interest, and then
deploying the clip such that the clip secures the suture 1n place. With the clip thus
secured, the excess suture can be cut and removed from the patient. An example of such

a clip as well as methods and devices for use therewith are disclosed 1in U.S. Patent Pub.
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No. 2007/0005081 and U.S. Patent No. 7,628,797, the entire contents of which are

expressly incorporated herein by reference.

1006] Despite the existence of knotless suture locking devices in the art, there is a
need for improved devices that enable easy access to the suture, accurate tensioning of
the suture and are sumple to use. In light of the foregoing, there 1s presently a need tor

improved systems for securing sutures with clips.

SUMMARY

1007] Disclosed herein are improved suture clip delivery devices and systems that
are especially usetul for securing heart valve repair or replacement prostheses 1n or near
the heart. The devices and methods are particularly well suited for traditional surgery or
minimally 1invasive surgery. The devices disclosed herein can eliminate the need for
surgical knots thus reducing surgical time and exposure. Further, the devices can

improve the ease of implantation because the clinician need not tie knots 1n the limited

space 1n and around the heart.

1008 ] Some embodiments of suture clip delivery systems described herein utilize a
suture clip having a generally tubular shape, with an inner lumen passing through the
tube and a handheld vacuum-assisted device for deploying the suture clips. The inner
lumen of the device and clip 1s sized and configured so that one or more lines of suture
may pass therethrough. The clip has an open configuration wherein the inner lumen 1s
generally unobstructed, and a closed configuration wherein the inner lumen 1s at least
partially obstructed so that suture line(s) passing therethrough are prevented from

moving in one or more directions.

1009 ] An exemplary system disclosed herein includes a device having a generally
tubular main body with a proximal end, a distal end, a vacuum port located at the distal
end, a hollow 1inner body longitudinally slidable within the main body and extending
from the main body at 1ts distal end, a suture recess located 1n the generally tubular main
body, and at least one suture clip contfigured to frictionally fit on an outer surface of the
inner body. The main body turther comprises a mechanical advancer button and clip

deployment occurs when the device 1s mechanically actuated via the mechanical

26013-1 CSS-6355 PCT
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advancer button. Multiple clips can be loaded onto the inner body for deployment. The

clips are preferably made of a shape memory material.

1010] Also disclosed herein 1s are methods for anchoring an implant to soft tissue,
the tmplant having been advanced to the soft tissue down a plurality of suture lines,
comprising providing a delivery device having a generally tubular main body with a
proximal end, a distal end, a vacuum port located at the distal end, an inner body
longitudinally slidable within the main body and extending from the main body at 1ts
distal end, a suture recess located 1n the generally tubular main body, and at least one
suture clip configured to frictionally fit on an outer surface of the inner body; connecting
a vacuum source to the vacuum port; approaching the suture lines with a distal end of
the inner body of the device; applying a vacuum so as to draw the suture lines 1nto the
distal end of the delivery device and through the main body; retrieving the suture lines
through the suture recess; adjusting tension 1n the suture lines; and actuating the device
sO as to torce the suture clip ott the inner body and onto the suture lines so as to lock the

suture lines 1n place.

|011] Some disclosed devices for deploying a suture clip onto a suture comprise a
proximal handle portion comprising an actuation mechanism and a generally tubular
main shaft having an inner lumen, a proximal end portion coupled to the actuation
mechanism, a distal end portion having a distal opening in communication with the inner
lumen, and an intermediate portion having a radial opening in communication with the
inner lumen. The main shaft 1s configured to hold one or more annular suture clips
loaded on the distal end portion of the main shaft and the main shaft 1s also contigured to
recerve at least one suture extending through the distal opening, through the inner lumen,
and through the radial opening. The device further comprises a pusher positioned at least
partially around the main shaft and coupled to the actuation mechanism independently of
the main shaft. The pusher 1s contigured to be positioned proximal to the one or more
suture clips when the one or more suture clips are loaded on the main shatt. The
actuation mechanism 1s configured to cause the main shaft to move proximally relative to
the handle portion, the pusher, and the one or more suture clips loaded on the main shatft,

such that a distal-most one of the one or more suture slips slides distally otf of a distal
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end of the main shaft and onto a suture extending through the distal opening of the main

shalft.

|012] In some embodiments, the inner lumen of the main shaft 1s fluidly couplable to
a vacuum source that reduce pressure within the inner lumen such that a suture can be

drawn 1nto the inner lumen through the distal opening of the main shatt.

|013] In some embodiment, the handle portion comprises a vacuum source that 1s
tluidly coupled the 1inner lumen of the main shaft to assist in drawing a suture through
the distal opening and 1nto the inner lumen. The handle portion can further comprise a

manual vacuum controller that controls the vacuum 1n the 1nner lumen.

1014 ] In some embodiments, the device 1s contigured such that, after a suture clip 1s
deployed onto the suture, the actuation mechanism causes the main shaft, the pusher, and
any suture clips remaining on the main shaftt to move distally together relative to the

handle portion.

|015] Some embodiments further comprise an outer shaft positioned around the main
shaft and the pusher and coupled to the handle portion. The outer shaft comprises a
blade at a distal end portion that 1s configured to cut the suture after the suture clip 1s
deployed onto the suture. The cutting of the suture occurs between the distal end of the

main shaft and a proximal end of the deployed suture.

|016] In some embodiments, the actuation mechanism causes the outer shaft to
rotate relative to the main shatt and the handle portion, and wherein the rotation of outer

shaft causes the cutting of the suture.

1017] Some embodiments further comprise a cover member slidably mounted over
the radial opening of the main shaft, the cover member being configured to selectively

open and close the radial opening of the main shatft.

1018] In some embodiments, the pusher comprises a ratcheting mechanism that
allows the pusher to slide distally relative to the main shaft but prevents the pusher from

sliding proximally relative to the main shatft.

1019] In some embodiments, the device 1s contigured to be loaded with a plurality of

suture clips that are deployable without reloading the device.
26013-1 CSS-6355 PCT
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1020] Some embodiments further comprise a suture tension monitoring system
configured to determine and display the amount of tension 1n a suture positioned within

the 1inner lumen of the main shatt.

|021] Some embodiments further comprise a suture clip monitoring system
configured to determine and display the number of suture clips that are currently loaded

on the main shaft.

1022] Some embodiments further comprise a lighting system configured to provide
light near the distal end of the main shaft. The lighting system can comprise one or more
light fibers that extend along the length ot the main shaft and are contigured to conduct

light from a proximal light source to near the distal end of the main shaft.

1023 ] Some embodiments further comprise a visual monitoring system configured to
capture visual information from the near the distal end of the main shaft and transfer the
captured visual information to a proximal visual display.

1024 ] In some embodiments, the one or more suture clips are comprised of a shape-
memory material, wherein the one or more suture clips are held 1n a resiliently deformed
annular configuration when loaded onto the main shaft, and wherein the one or more
suture clips resiliently return toward a natural collapsed configuration when deployed
onto the suture, thereby becoming frictionally secured to the suture.

1025] An exemplary method for deploying a suture clip onto a suture comprises
causing a free end of at least one suture to enter into a distal end portion of an inner
lumen of a main shaft of a suture clip deployment device, and then causing the main
shaft to move proximally relative to a suture clip mounted around an outer surface of the
main shaft such that the suture clip slides distally off of a distal end of the main shaft and
onto the at least one suture such that the suture clip resiliently secures to the suture.

1026] In some methods, 1nserting a free end of the suture 1nto the distal end portion
of the inner lumen comprises reducing the air pressure within the inner lumen 1n order to
draw the free end of the suture 1nto the inner lumen.

1027] In some methods, inserting a free end of the suture 1nto the a distal end portion
of the inner lumen comprises drawing the tree end of the suture out of the inner lumen

through a lateral opening 1n the main shatft.
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1028] Some methods further include applying tension to the free end of the suture
projecting from the lateral opening.
1029] Some methods further include causing a blade of the suture clip deployment

device to cut off the free end of the suture after the suture clip 1s secured to the suture.
Such methods can further include, after the suture 1s cut, causing the main shatt and
suture clips remaining mounted on the main shaft to move distally relative to a handle
portion of the suture clip deployment device. After the main shatt and suture clips
remaining mounted on the main shatt to move distally relative to a handle portion, the
method can include repeating process to deploy another suture clip onto another suture.,
|030] A further understanding of the features and advantages of the present
invention will become apparent from a consideration of the following detailed

description.

BRIEF DESCRIPTION OF THE DRAWINGS

|031] FIG 1 depicts a perspective view of a vacuum-assisted suture clip delivery

device as described herein.

[032] FIGS. 2A and 2B show perspective views of the distal portion of the device of
FIG 1.

|033] FIGS. 3A, 3B, 3C, and 3D depict side, top, perspective, and distal end views,
respectively, of a suture clip 1n an open configuration according to an embodiment of the

1nvention.

1034 ] FIG. 4 depicts a side view of a suture clip 1n a closed configuration with a

length of suture running therethrough according to an embodiment of the invention.

|033] FIGS. SA-5C depict side views of the most distal portion of the delivery

device showing suture clip deployment according to an embodiment of the invention.

|036] FIGS. 6A and 6B illustrate the device of FIG. 1 advanced within a patient’s
body and being utilized to secure an artificial heart valve to existing heart tissue

according to an embodiment of the invention.

26013-1 CSS-6355 PCT
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1037] FIGS. 7A-7F depict side (solid), side (cross section), top, bottom, perspective,
and end views, respectively, of a suture clip 1n an open configuration according to an

embodiment of the invention.

|038] FIGS. 8A-8E depict side (solid), side (cross section), top, bottom, and
perspective views, respectively, of the suture clip of FIGS. 7A-7FF 1n a closed

configuration.

|039] FIG. 9 depicts a side view, 1n cross section, of a suture clip according to an

embodiment of the invention.

1040] FIG. 10 depicts a plan view of a cut-out pattern for a suture clip according to

an embodiment of the invention.

1041] FIG. 11A-11C depict side views, 1n cross-section, of suture clips according to

various embodiments of the invention.

1042 ] FIGS. 12A-12C depict side views, 1n cross-section, of suture clips according

to various embodiments of the invention.

1043] FIGS. 13A and 13B depict cross-sectional side and end views, respectively, of

a suture clip 1n an open configuration according to an embodiment of the invention.

1044 ] FIGS. 14A and 14B depict cross-sectional side and end views, respectively, of
the suture clip of FIGS. 13A and 13B 1n a bent (closed) configuration.

[045] FIGS. 15A and 15B depict cross-sectional side and end views, respectively, of

a suture clip 1n an open configuration according to an embodiment of the invention.

[046] FIGS. 16A and 16B depict cross-sectional side and end views, respectively, of
the suture clip of FIGS. 15A and 15B 1n a bent (closed) configuration.

1047] FIG. 17A 1s a perspective view of another exemplary suture clip deployment

device.

048] FIG. 17B 1s a perspective view of a shaft portion of the device of FIG. 17A.
[049] FIG. 18A 1s an exploded view of the shait portion of the device of FIG. 17A.

[050] FIGS. 18B-18F are enlarged views of portions of FIG. 18A.

26013-1 CSS-6355 PCT
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|051] FIG. 19A 1s an exploded view of a handle portion of the device of FIG. 17A.
[052] FIGS. 19B and 19C are enlarged views of portions of FIG. 19A.

053] FIG. 21 1s a side view of the device of FIG. 17A.

1054 ] FIG. 22 1s a top view of the device of FIG. 17A.

[055] FIG. 23A 1s a cross-sectional view of the device of FIG. 21 taken along
section line B-B of FIG. 21.

[056] FIGS. 23B-23F are enlarged views of portions of FIG. 23A.

1057] FIG. 24 1s a side view of the handle portion of the device of FIG. 17A with a

portion of the housing removed.

|058] FIG. 25 1s a side view of the handle portion of an alternative embodiment of

the device of FIG. 17A with a portion of the housing removed.

1059] FIG. 26 1s schematic top view of another exemplary suture deployment device

that includes a lighting system and a visual monitoring system.

|060] FIG. 27 1s a cross-sectional view of a shaft portion of the device of FIG. 26

taken along section line 27-27.

DETAILED DESCRIPTION

1061] Described herein devices and methods for securing sutures with suture clips.
FIG. 1 depicts a suture clip delivery device 10 according to one embodiment. The
handheld suture clip delivery device 10 has a generally tubular main device body 12
having a proximal end 14 and a distal end 16. The proximal end 14 includes a vacuum
port 80 and a suture recess 82. The distal end 16 includes a mechanical advancer button
34. Extending past the distal end 16 of the device 1s an inner body 26, shown here
having multiple suture clips 20 positioned thereon. The inner body 26 1s longitudinally
slidably positioned within the main body 12 of the delivery device. The inner body 26
includes a distal end 28 which extends distally out of the main body distal opening 24.
The vacuum port 80 located at the proximal end 14 of the device 12 1s configured to be
attached to a vacuum source (not shown). When the user attaches the vacuum port 30 to

any vacuum source, suction 1s created within the device 10. The suction assists the user
26013-1 CSS-6355 PCT
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in drawing the suture lines 1nto the distal end 28 of the inner body 26 thereby threading
the sutures through the device. The suture lines exit the device 10 at the suture recess 32.
[t should be noted that the suture clip delivery device 10 can be manufactured 1n a variety
of shapes, sizes, lengths, widths, and biologically-compatible materials as desired for a

particular application.

1062 ] The device 10 and the inner body 26 both feature at least one lumen to allow
passage of a suture therethrough as well as to allow for suction via the vacuum port 30.
Some embodiments may include more than one lumen within the device 10. For
example, one lumen may extend from the distal end 28 of the inner body 26 to the
vacuum port 80, and another separate lumen may extend from the distal end 28 of the
inner body 26 to the suture recess 82. In either case, suction 1s used to draw the suture
into the device 10; the ends of the sutures exit the device 10 via the suture recess 82

which enables the user to tension the sutures prior to clip deployment.

1063 ] FIGS. 2A and 2B illustrate the distal portion of the suture clip delivery device
10. As shown, multiple clips 20 are loaded onto the outer surtace of inner body 26 and
are held onto the inner body 26 by a friction fit, thus preventing the clips 20 from
inadvertently falling ott the distal end 16 of the device 10 prior to deployment. The
inner body 26 1s slidably coupled within the main body of the device 12 to allow at least
partial retraction of the inner body 26 into the distal end 16 of the device 10. Fig. 2A
specifically shows the position of the inner body 26 relative to the clips 20 and distal end
16 of the device 10 prior to actuation using the mechanical advancer button 84. Fig. 2B
shows the position of the inner body 26 relative to the clips 20 and distal end 16 of the
device 10 after actuation. Actuation of the delivery device 10 using the advancer button

84 will be described in more detail below.

1064 As can be seen 1n FIGS. 2A and 2B, the inner body 26 of the delivery device
10 1s shidably positioned within main device body 12. A suture clip 20 1s positioned on
the inner body distal end 28, which protrudes from the main body distal opening 24, As
depicted 1n FIG. 2B, the suture clip 20 1s placed on inner member distal end 28 1n 1ts

open configuration wherein the clip body 1s generally straight (1.e., unbent). The suture

26013-1 CSS-6355 PCT
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clip 20 1s secured to the 1inner body distal end 28 by means of the frictional engagement

of the clip body against the outer surface of inner body 26.

10635] Note that a clip according to this particular invention may have a (relatively
gentle) curve along its length but still be considered “generally straight.” The term
“generally straight™ 1s used to refer to a configuration wherein the clip does not have a

relatively tight bend sufficient to cause crimping of the inner lumen.

1066] FIGS. 3A through 3D illustrate a suture clip 20 in an “open” configuration,
while FIG. 4 depicts the suture clip 20 1n a “closed” or “locked” configuration. The
suture clip 20 can be manufactured from a variety of materials including, for example,
nickel-titanium alloys, shape-memory alloys, stainless steel, titanium, various plastics,
and other biologically-compatible materials. Suture clip 20 has a generally tubular body
44 and an outer wall 46, and includes a distal opening 50 leading to an internal
attachment lumen 48 extending axially through the suture clip 20 to a proximal opening
52. The suture clip 20 includes one or more engagement tab(s) S4a, 54b formed 1n the
suture clip 20 and configured to leave the inner lumen relatively unobstructed when 1n
the “open” configuration as depicted in FIGS. 3A-3D, and to at least partially obstruct
the inner lumen 48 when 1n a “closed” configuration, as depicted 1in FIG. 4. The suture
clip 20 includes notches 53a, 53b formed adjacent the tabs 54a, 54b, with the notches
S3a, 53b helping to create a hinge-point 55 about which the proximal half 57a and distal

halt 57b of the clip body 44 can bend.

|067] The clip body 44, distal opening 50, proximal opening 52, inner lumen 48, and
engagement tabs S4a, 54b are sized and configured (when the clip body 44 and
engagement tabs 54a, 54b are 1n the “open” configuration as shown in FIGS. 3A-3D) to
slidingly receive one or more suture leads therethrough. Prior to deployment, the clip
body 44 1s 1n 1ts open (1.e., straightened) configuration, and the engagement tabs 54a, 54b
are moved to their “open” configuration by being deflected radially out of the inner
lumen 48 such that the engagement tabs S4a, 54b are essentially flush with the suture
clip outer wall 46, thereby leaving the inner lumen 48 essentially unobstructed, or at least

unobstructed to the extent necessary for the suture lines to slidingly pass within the

lumen 48. As depicted in FIG. 3A, the inner lumen 48 (with the clip body 44

26013-1 CSS-6355 PCT
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straightened and the engagement tabs S4a, 54b 1n their open configuration) provides a
relatively large and unobstructed passage sufficient to permit suture leads to shde

therethrough.

|068] Upon deployment, i.e. after the suture leads have been retracted through the
delivery device by means of a vacuum applied to the device, and tightened to their
desired position, the suture clip 20 1s advanced to 1ts desired deployment position and
torced off the end ot the delivery device. The clip body 44 1s bent (which may include
stressing a plastically deformable clip to assume the bent configuration, or permitting a
biased clip to spring back to the bent contiguration), with clip bending occurring along a

hinge point 55. The engagement tabs 54a, 54b are deflected or permitted to spring back

into the mnner lumen 48 toward the hinge point 55 such that the inner lumen 48 1s at least
partially blocked, as depicted in FIG. 4. Suture lines 56a, 56b are held fast within the
closed clip 20, with the engagement tabs 54a, 54b engaging against and securing the
suture lines 56a, 56b against the clip body 44. The “closed” engagement tabs 54a, 54b
and bent clip body 44 cause the suture lines S6a, 56b passing therethrough to adopt a
“serpentine” path through the clip inner lumen 48. 'This serpentine path, combined with
the friction on the suture from the clip body 44 and engagement tabs S4a, 54b, serves to
lock the suture S56a, 56b 1n place and prevent longitudinal movement thereof within the
clip lumen 48. The suture 56a, 56b is thus held secure by the combination of tab 54a,
54b to clip inner wall interaction/forces and by the tortuous path that the bent clip body
44 and tabs 54a, 54b force the suture lines S6a, S6b to follow, which provides more
surface area contact with the suture 56a, 56b to increase retention. Note also that the

bending of the clip body 44 holds the tabs 54a, 54b against each other, so that neither of

the tabs 54a, 54b can bend back outwardly without engaging against the other tab.

1069 ] As shown 1n FIG. 4, the suture lines S6a, 56b are relatively thin as compared
to the clip lumen 48. However, depending on the particular application, suture that 1s of
a much greater thickness can be used with a clip according to the invention. If used with
thicker suture(s), a clip 20, and particularly the tabs 54a, 54b, might assume a somewhat
ditfferent shape once deployed. With a thicker suture line or lines, the tabs 54a, 54b

would each be torced back outward (1.e., toward their “open” configuration™) by the
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suture, but the bending of the clip body 44 and the resulting interaction between the tabs
S4a, 54b will prevent excessive tab movement, and the suture will still be held securely

within the clip body 44,

1070] Depending on the particular embodiment, including the materials from which
a particular suture clip 1s made, the clip body (and the bend therein) as well as the
engagement tab(s) may be biased to spring toward a desired position, which may be
either the closed configuration or the open configuration, depending on the particular

application.

[071] FIGS. SA-5C depict, 1n various configurations, deployment of a clip 20 from
the distal end 16 of the suture clip delivery device 10 according to an embodiment of the
invention. FIG. SA depicts the device 1inner body distal end 28 extending from device
main body distal opening 24, with a suture clip 20 positioned on the inner body distal
end 28. A suture line 56 extends through material or tissue portions 58a, 58b and
vacuum 1s used to draw the suture line 1nto the distal end of the device. In the particular
embodiment depicted, the clip 20 1s biased towards 1ts closed configuration, and the
inner body distal end 28 of the device 10 physically holds the clip 20 1n 1ts open
configuration. Suture 56 extends from the suture clip 20, with suture leads 56a and 56b
extending through the clip inner lumen 48 via the clip distal opening 50, engagement tab
54, and proximal opening 52. By virtue of the vacuum, the suture leads 56a, 56b pass
through device inner member distal opening 30 and inner member lumen 32, exiting the
inner member 26 of the device via suture recess 82, and exiting the side of main body 12
(not shown). The user 1s then able to manually adjust the tension 1n the suture prior to

securing the suture 1n place.

|072] Clip deployment occurs when the device 10 1s mechanically actuated by the
user via the mechanical advancer button 84. In one embodiment, the button 84 1s
depressed causing the inner body 26 to be at least partially retracted within the device 10.
During actuation, as shown in FIGS. 2A-B, the inner body 26 begins to move proximally
toward the distal end 16 of the device 10. With this action, the length of the inner body
238 outside of the device 10 1s decreased and the proximal end ot the most proximal clip

20 abuts the distal end 16 of the device 10 forcing the most distal clip 20 to edge off of
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the distal end 28 of the 1inner body 26. Once the clip 20 1s completely otf of the inner
body 28 and strung onto suture 56, the clip assumes its “‘closed position™ as described
above with reference to F1g. 4 and locks the suture 1n place. The user then withdraws the
suture clip device 10 from the patient, leaving the suture 56 and suture clip 20 1n place 1n

the desired tissue.

|073] The device inner body distal end 28 retracts into the main body distal opening
24 by manipulation of the mechanical advancer button 84. With the inner body distal
end 28 retracted, the suture clip 20 1s released from the device 10, as shown 1n FIG. 5B.
As the 1nner body distal end 28 1s retracted, the suture clip 20 1s engaged against the
distal edge 25 of the main body distal opening 24 and 1s forced oft of the inner body
distal end 28 at a position adjacent the material portions 58a, 58b. With the suture clip
20 freed from the device, the clip 20 assumes 1ts closed (1.e., bent) configuration, with
the clip body 44 bent and the engagement tabs S4a, 54b projecting inward to at least
partially obstruct or even to completely close the clip inner lumen 48 while engaging the
suture lines S6a, 56b. With the suture clip 20 1n this closed configuration, the suture
lines 56a, 56b are held fast and cannot move longitudinally within the suture clip 20.
The suture lines S6a, 56b are thus held by the combination of tab to inner wall
interaction/forces and by the tortuous path that the tabs 54a, 54b and bent clip body 44
force the suture lines S56a, 56b to follow, which provides more surface area contact with
the suture lines 56a, 56b to increase retention. Note that the suture lines 56a, 56b still
pass into the device 10, exiting the inner body 26 via suture recess 82 and exiting the
side of main body 12 through suture recess 82. FIG. SC depicts the device inner body 26

retracted even further within the device main body 12,

[074] Figs. 6A and 6B 1illustrate a particular use for the device 10 to secure with a
clip sutures used to attach two layers together, wherein one layer 1s a cardiac implant 78,
such as an artificial valve implant and the other 1s a heart valve annulus. In the
embodiment depicted, the suture 56 has previously been passed through the desired
material structures within the patient’s body. After suturing the implant 78 to the heart
tissue 88 with suture 56, the user approaches the suture lines with the distal end 28 of the

inner body 26 of the device 10. Vacuum 1s applied to the device; 1n some cases, the user
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covers the suture recess 32 with his finger to enable suction throughout the length of the
device. With the vacuum source connected to the vacuum port 80, negative pressure 1S
created within the inner body 26 of the device along its length from the vacuum port 80
to the distal end 28. The suture lines 56 are drawn 1nto the distal end 28 of the 1inner
body 26 and through the device 10, exiting the device 10 at the suture recess 382. The
user can then adjust the tension 1n the suture 56 using the portions of the suture that are
outside the device 10. The user can verily the effectiveness of the tightened suture 56 by
monitoring various patient functions. For example, the user may contirm the result by
monitoring blood flow using radiopaque dyes combined with fluoroscopy. If the user 1s
dissatistied with the results when the suture 56 1s initially tightened, the user can remove
the suture 56 entirely from the patient’s body and repeat the suture deployment to try to
achieve a better positioning of suture. If, however, the user 1s satistied with the results,

the user deploys the suture clip 20 from the device 10.

|075] Referring still to Figs. 6A and 6B, after placement of the suture at the desired
location and achieving the desired tension, the suture clip 20 1s deployed from the
delivery device 10. The suture clip 20 1s released from the distal end of the device 10,
securely holding the suture 56 1n place. The user can then cut the free end(s) of the
suture 56 and remove any excess suture by simply pulling the excess suture out of the
patient’s body. The user then withdraws the suture clip device 10 from the patient,

leaving the suture 56 and suture clip 20 1n place.

|076] Note that the number, shape, and configuration of the engagement tabs and
hinge points on a particular clip can vary, depending on the particular application. For
example, the engagement tabs can be positioned on opposing sides of the clip, on the
same side of the clip, 1n a spiral pattern about the clip body, etc. Similarly, the hinge
points can be positioned on opposing sides of the clip, on the same side of the clip, 1n a

spiral pattern, etc.

1077] Various methods and/or systems can be used to pass the suture through the
desired material, as 1s well known 1n the art. Moreover, although FIGS. 6A and 6B
depict the device used to replace a heart valve, the device can also be used 1n other

procedures, including material treatments such as so-called “edge-to-edge” mitral valve
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repairs involving edge-to-edge suturing of adjacent mitral valve leaflets. Embodiments
of the system may be used to occlude a left atrial appendage tor decreasing the risk of
arterial embolism, for example. In another procedure, material along the ostium of the
lett atrial appendage 1s sutured together to prevent blood from tlowing in and out. This
procedure 18 preterably performed using a transeptal approach and may be pertormed
after delivering an expandable device 1nto the left atrial appendage for filling the volume
and further preventing the formation of thrombus. In another method of use, the system
may be used for occluding fallopian tubes 1n a minimally-1nvasive sterilization
technique. In this procedure, the system 1s advanced 1nto a fallopian tube and suture 1s
applied to pull opposing walls together, thereby blocking the tube. In still other
applications, the system may be used to treat organ prolapse, such as uterine or bladder
prolapse. This procedure may be used to pull tissue together 1n a percutaneous procedure
to treat prolapse by providing additional support at locations wherein muscles and/or

ligaments have become stretched or have been otherwise damaged.

|078] Additional information on procedures for which the surgical clip delivery
device can be usetul are disclosed 1n the following references, the entire contents of
which are expressly incorporated herein by reference: U.S. Patent No. 6,626,930 issued
to Allen et al.; U.S. patent application Serial No. 10/106,583, filed March 26, 2002 and
entitled, “Sequential Heart Valve Leatflet Repair Device and Method of Use”; U.S. patent
application Serial No. 10/233,879, filed September 3, 2002 and entitled “Single Catheter
Mitral Valve Repair Device and Method™; U.S. patent application Serial No. 10/389,721,
filed March 14, 2003 and entitled *“Mitral Valve Repair System and Method of Use”; and
U.S. patent application Serial No. 11/174,143, filed June 30, 2005 and entitled “System,
Apparatus, and Method for Repairing Septal Defects.”

[079] FIGS. 7A-7F and 8A-8E depict, in open and closed configurations,
respectively, additional clip contigurations. The suture clip 20 1s imtially formed from a
generally tubular body 44, such as a portion of nitinol hypotube into which the desired
pattern of tabs S4a, 54b, tab stress cutout windows 66, bending notches 53, and stress-

relief cuts 68, etc., 1s formed.
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|080] Note that the clip 20 including the pattern of tabs 54a, 54b, etc., can be formed
1n various ways, depending on the particular application. For example, injection
molding, die and coining, laser cutting, machining, and shape setting can be used, alone
or 1n combination, depending on the particular clip contfiguration and materials. In one
embodiment, the pattern 1s formed by laser cutting the desired pattern into a portion of a
hypotube or other generally tubular body. FIGS. 7A-7F depict the generally tubular
body 44 after the desired pattern has been cut into the generally tubular body, but before
the tubular body has been bent and before the tabs 54a, 54b have been bent or otherwise
moved and set into position to block the inner lumen 48. The configuration depicted 1n

FIGS. 7A-7F also corresponds with the “open” configuration of the clip 20.

|081] FIGS. 8A-8E depict the clip 20 ot FIGS. 7A-7F, but with the clip body 44 bent
and the tabs 54a, 54b bent 1into and set 1n their “closed” position, wherein the inner
lumen 438 1s at least partially blocked. The notches 53 on either side of the clip 20 create
a hinge point 55 about which the clip 20 can easily bend. (Note that, although the term
“hinge point” 1s used herein, the actual bending may occur over a relatively large area, as
1s shown 1n the embodiment of FIGS. 8A-8E.) The tab stress cutout windows 66
enhance the flexibility while maintaining strength of the tabs 54a, 54b, and also reduce
stress on the hinge-like portion where each tab 54a, 54b connects to the generally tubular
body 44 of the clip 20. The stress relief lines 68, which are on the same side of the clip
20 as the hinge point 55, help to relieve stress that might build up on that side of the clip
body 44 as the clip 20 assumes 1ts bent configuration. In the embodiment of FIGS. 8A-
3L, the free ends of the engagement tabs 54a, 54b are directed toward each other, and are

both on an opposite side of the clip body 44 from the hinge point 53.

|082] FIG. 9 depicts, 1n cross section, a side view of a further embodiment of a clip
20. The clip 20 includes a single tab 54 positioned across from a hinge point 55. The
clip 20 includes a beveled inner edge 70 at one or more of the clip openings, such as the
clip distal opening 50 as depicted. The beveled inner edge 70, which 1n the embodiment
depicted 1s at an angle of about 45 degrees, can assist 1n threading suture into the clip 20
through the clip distal opening 50. The clip 20 can also include one or more generally

semi-circular openings 72 at one or more openings such as the clip proximal opening 52.
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The semi-circular openings 72 can aid 1n processing of the clip during manufacture, €.2.,
permitting easy alignment and holding ot the clip 20 during bending and/or shape setting
of the clip body 44 and tabs 54a, 54b, etc. After clip manufacturing 1s complete, the
semi-circular openings 72 can interact with corresponding structure on the device distal

end to assist 1n alignment and positioning of the clip 20 on the device distal end.

083 ] The clip 20 depicted in FIG. 9 also includes a window-like opening 74 aligned
opposite to the free edge of the tab 54, positioned so that when the tab 54 extends 1nto
the inner lumen 48 the free edge of the tab 54 can rest within the window-like opening
74, but without extending out of the clip 20 itself. The window-like opening 74 permits
tab 54 to be bent or otherwise positioned so that the tab free edge extends across and just
beyond the inner lumen 48, thereby compensating for any backward tab movement
(either through material recovery or outward pressure from the suture lines, etc.) that
might occur after the tab 20 1s initially deployed to its closed configuration. Note that a
window-like opening such as element 74 from FIG. 9 could be positioned at or near a
hinge point, so that the window-like opening serves multiple purposes: receiving the tab
free edge, relieving stress that might develop adjacent the hinge point, and providing for

relatively easy bending or flexing of the clip body about the hinge point.

1084 ] FIG. 10 depicts a cutout pattern (1n flattened or unrolled configuration) for
creating the suture clips. The generally elliptically-shaped portion 76 of each the tabs
S4a, 54b (with 54b having a dashed portion depicting an 1imaginary completion of the
“ellip<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>