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MULTIPLE-FIRING CRIMP DEVICE

Technical Field

The present invention lies in the field of securing cords, such as surgical sutures. The
present disclosure relates to a multiple-firing crimp device and methods for using and
manufacturing same.

Surgical instruments, such as the Cor-Knot manufactured by LSI Solutions and as
described in U.S. Patent No. 7,833,237 to Sauer, are used to replace hand tied knots at remotes
sites within the body. Such instruments, however, are limited to use with a single suture and a
single crimp and generate significant waste during the suture tying process, which waste must be
accounted for and could be lost within the patient during surgery if safeguards are not taken. In
this system, a single suture crimp is loaded into the end effector and is secured for a single crimp
use. To load the crimp and the snare that passes the suture through the crimp, a loading hook is
passed through the end effector. The hook has the crimp at its distal end and is attached to the
snare loop, which is threaded through the crimp. To secure the crimp between the handle and the
snare loop, the snare loop is secured and held outwards as a loop by a teardrop shaped plastic
handle. After the hook is threaded into the end effector and the crimp is pressed into the distal
end of the end effector, the user must remove the large, plastic handle and dispose of it properly.
As such, the action of loading a reload crimp into the device generates a teardrop shaped piece of
plastic waste for every single crimp. Care must be taken because there is no positive method of
securing the crimp into the ready position within the crimping device. If the crimp becomes
dislodged, it may not form a proper securing crimp. This may require the suture to be replaced,
which may be extremely difficult. Once the snare loop is used to pull the sutures through the
crimp, the snare loop must also be discarded. If during the process of passing the sutures
through the crimp the sutures do not fully pass through the crimp, it is possible that the very
small crimp could be dislodged from the crimping device and potentially lost within the patient.

It would be beneficial to provide a cord-loading device that has minimal or no waste
generated during a procedure and that provides multiple crimps that do not need to be

individually loaded during the procedure.
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Disclosure of Invention

A multiple-firing crimp device and methods for using and manufacturing same that
overcome the hereinafore-mentioned disadvantages of the heretofore-known devices and
methods of this general type are described and shown herein.

The multiple-firing crimp device does not generate waste during a procedure and
allows enough crimps for a complete procedure to be loaded before the procedure and, therefore,
do not need to be individually loaded during the procedure. The multiple-firing crimp device
holds a number of crimps within the device prior to performing a procedure. During the
procedure, the multiple-firing crimp device automatically loads a single crimp in a crimp-
delivery position that is ready to be crimped and is in a position allowing cords to pass
therethrough for crimping after the cords are tightened. The multiple-firing crimp device
provides a mechanism that passes the cords through one crimp, placing the crimp in a read-to-
fire position. The multiple-firing crimp device provides a reliable, reusable way of passing the
cords through one crimp at a time for each of the multiple loaded crimps. There is no waste or
separate parts to account for during or after a surgical procedure.

As used herein, the multiple-firing crimp device is able to be used on cords. As defined
herein, the term cords is not limited to a plurality of cords, cords can be a single cord as well.
For example, four lengths of cord can be threaded through a crimp for securing one or more of
the cords therein after crimping occurs. Cords also are not limited to a particular type of
material. The material can be made of natural fibers, man-made or synthetic fibers, plastics,
and/or metals, to name a few. Cords also are not limited to a particular structure. The material
can be made of twisted strands, twisted strands with a central core, or a single strand or wire, to
name a few. One exemplary embodiment described herein relates to securing a surgical suture
with a crimp of the multiple-firing crimp device. The embodiments described herein, however,
are not limited to surgical sutures, even though the example of surgical sutures is referred to or is
used herein.

Traditionally, surgical sutures are cut by advancing a movable knife. One exemplary
embodiment of the multiple-firing crimp device uses a movable knife. Another exemplary
embodiment of the multiple-firing crimp device, instead, uses a fixed knife and a blunt pusher

that contacts the suture and moves it to and against the fixed knife for cutting. This
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configuration prevents cutting from happening prematurely and allows precise control of the
distance that the suture is cut from the crimp.

If a snare is damaged during a procedure, the entirety of shuttle containing the snare
can be removed from the handle and the shaft and an entirely new shuttle from a separate,
sterilized package can be used in place of the damaged shuttle.

In general, the systems and methods herein provide ways to pull cords such as surgical
sutures through a set of cord clips. In any multi-fire clip/crimp applier device for fixing cords, a
user must be able to pull the cords through a single clip where multiple clips are loaded in the
device. In other words, the device must be a reusable clip-threading device. The mechanism
that pulls through the clip must be easy to use, have a low profile, and, significantly, should not
be able to leave behind any separate parts and should not produce waste during use. The
challenges associated with such a device arise because the device must have a low profile in
general and also must be able to thread cords through a very small diameter clip (e.g., crimp).

Many steps are undertaken in order to crimp a clip onto cords with a multi-fire crimp
applier. First, the clip must be loaded from a magazine of multiple clips. Then, the cords must
be threaded through that one clip that is to secure the cords but not be threaded within or
interfere with the other clips in the magazine. Then, the clip must be secured (e.g., crimped)
onto the cords at a location that is, typically, very close to a cord-tying location (e.g., a surgical
site). Finally, the device must be able to cut the cords after the clip, dispose of the cut ends, and
present a new clip for use next with as little user manipulation as possible.

It is beneficial to provide an automated device. In such a device, there are different
moving assemblies, such as a clip carriage, a snare-extender, a cord lifter, a crimper, and a cutter.
A handle contains automated motors, servos, and/or transmissions to carry out the functions of
each of these movement assemblies. The handle is provided with a single mechanical control
device for each of these assemblies or combination control devices that effect two or more
functions. Alternatively some or all of the automated actions can be replaced with mechanical
systems. In any embodiment, simplicity in the entire process of installing a new clip, securing
the clip at the cords, and loading another clip for repetitive cycles is important. One exemplary
embodiment provides a shuttle that translates on the shaft of the device and, when positioned
distally, presents a loop into which the cords to be secured are passed. The loop is, then, pulled

back into the shuttle before the shuttle begins to move proximally. The proximal motion of the
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shuttle utilizes the loop to draw the cords through the crimp and expose them to the outside of
the shaft. The shuttle has a formed wire guide or channel that resides outside of the outer
diameter of the device’s shaft and through a window in a side of the shaft (e.g., at an upper side)
and that wire guide is able to move from outside the shaft to inside the shaft and, then, into or
through a proximal end of the crimp. When the tails of cords are pulled through the crimp with
the shuttle, the tails are dropped off external to the shaft so that they can be grabbed by the user’s
hands for tensioning and subsequent crimping.

The shuttle contains various interlocks. One interlock prevents the formed wire snare
from being presented until the shuttle is in a distal-most position. Another interlock prevents the
shuttle from moving proximally if the snare is extended in any way. Another interlock holds the
shuttle at a distal-most position for (1) extending the snare and (2) retracting the cords with
movement of a shuttle saddle to position the cords in a radiused tip of the snare. Another
interlock prevents the snare from moving when the cords reside in the tip and the shuttle is
moving proximally to pass the cords through the crimp and thereafter present the cords outside
the shaft for handling by the user.

An exemplary embodiment of the snare is formed and created from Nitinol and has a
tight-radiused tip section that prevents the snare from pinching on the cords it snares while it
pulls the cords through the crimp and then moves the cords to the outside of the shaft. This tight-
radiused tip also ensures entry into a snare guide tube. The reservoir tip of the snare is stopped
short of coming into the shuttle to form an open loop that allows the free tails of the cords to be
exposed after passing through the crimp and falling free outside the shaft. The snare may be
formed of any number of materials such as stainless steel, titanium, or a polymer.

Ideally, when the handle is in the middle of any of the crimping, cutting, or loading
processes, the handle prevents the shuttle from moving away from the nose of the handle. In
contrast, when the shuttle is advanced away from the handle, handle functions may be enabled or
disabled as appropriate when the shuttle is either moving or is away from the nose.

Additional interlocks are present to enable/lock out functions in the handle based on a
position of the shuttle when in its most proximal position, e.g., resting against the handle. After
the shuttle is at the nose of the handle, the user can pull on the cords that run through the crimp
and hang loose through a window of the shaft. When in the snaring position, the shuttle can be

held by friction and/or with one or more detents.
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With the foregoing and other objects in view, there is provided, a multiple-firing crimp
device comprises crimps, a hollow shaft, a crimp movement assembly, and a snare. Each crimp
has an internal hollow. The shaft has a distal crimping location, an exterior surface, and an
interior in which is stacked the plurality of crimps to define a first crimp, the crimps moving
therein along a longitudinal axis. The shaft defines a lateral opening proximal to the crimping
location and communicates between the interior and the environment outside the exterior
surface. The crimp movement assembly within the interior of the shaft delivers the first crimp to
the distal crimping location by moving the first crimp longitudinally from a first proximal
position into the distal crimping location and returning to a second proximal position without the
first crimp. The snare pulls at least one cord from distal of the first crimp through the first crimp
and through a portion of the shaft and out the side of the shaft through the lateral opening.

With the objects in view, there is also provided a multiple-firing crimp device
comprises crimps, a hollow shaft, a crimp movement assembly, a snare, and a snare movement
assembly. Each crimp has an internal hollow. The shaft has a distal crimping location, an
exterior surface, and an interior in which is stacked the plurality of crimps to define a first crimp,
the crimps moving therein along a longitudinal axis. The shaft defines a lateral opening
proximal to the crimping location and communicating between the interior and the environment
outside the exterior surface. The crimp movement assembly within the interior of the shaft
delivers the first crimp to the distal crimping location by moving the first crimp longitudinally
from a first proximal position into the distal crimping location and returning to a second
proximal position without the first crimp. The snare pulls at least one cord from distal of the first
crimp through the first crimp and through a portion of the shaft and out the side of the shaft
through the lateral opening. The snare movement assembly includes the snare. The snare is
shaped to pass through the internal hollow of the first crimp, to pass out of the interior of the
shaft distally past the distal crimping location, and to secure the at least one cord temporarily.
The snare movement assembly moves the snare to pull a portion of the at least one cord secured
in the snare proximally through the first crimp and to present at least some of the portion of the
at least one cord out through the opening for access by a user.

In accordance with another feature, there is provided a snare movement assembly
having the snare. The snare is shaped to pass through the internal hollow of the first crimp, to

pass out of the interior of the shaft distally past the distal crimping location, and to secure the at
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least one cord temporarily. The snare movement assembly moves the snare to pull a portion of
the at least one cord secured in the snare proximally through the first crimp and to present at least
some of the portion of the at least one cord out through the opening for access by a user.

In accordance with a further feature, there is provided a crimping assembly having a
crimp control device that, when actuated, crimps the first crimp within the distal crimping
location and a cutting assembly having a cutting control device that, when actuated, cuts the
portion of the at least one cord adjacent the first crimp.

In accordance with an added feature, the at least one cord is a surgical suture.

In accordance with an additional feature, the portion of the at least one cord secured in
the snare is two free ends of a surgical suture, the end opposing the two free ends being a loop of
the surgical suture secured in a surgical site, the portion of the at least one cord secured in the
snare and being pulled proximally through the first crimp is the two free ends such that, at a
given time, four lengths of the surgical suture are being pulled through the first crimp, and the at
least some of the portion of the at least one cord pulled out through the opening for access by a
user is the two free ends of the surgical suture.

In accordance with yet another feature, the first crimp is a distal-most one of the
crimps.

In accordance with yet a further feature, the internal hollow is one of a lumen and a
slot.

In accordance with yet an added feature, the crimps are crimp sleeves having a hollow
through bore, at least a portion of the bore being internally threaded.

In accordance with yet an additional feature, the first proximal position is different
from the second proximal position.

In accordance with again another feature, the first proximal position is the same as the
second proximal position.

In accordance with again a further feature, when the crimp movement assembly returns
to the second proximal position, the lateral opening is exposed to the environment outside the
exterior surface.

In accordance with again an added feature, while or after the crimp movement

assembly is in the process of returning to the second proximal position without the first crimp,
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the crimp movement assembly moves a previously second of the crimps into a crimp loading
position to become a new first crimp.

In accordance with again an additional feature, the shaft has a distal cam driver and the
crimp movement assembly comprises an exterior-threaded carriage movably disposed inside the
shaft along the longitudinal axis towards and away from the distal cam driver and having a
carriage distal end at which is disposed the first crimp.

In accordance with still another feature, each of the crimps has an interior thread and is
threaded on the exterior threads of the carriage at a spacing from one another such that rotation
of the carriage in a direction selectively carries a distal-most one of the crimps off the carriage
distal end.

In accordance with still a further feature, there is provided a hammer movably disposed
inside the shaft adjacent the distal cam driver and having a cam follower operatively connected
to the distal cam driver to move the hammer towards and away from the longitudinal axis of the
shaft when the shaft is moved along the longitudinal axis, an anvil at least partially disposed
inside the shaft adjacent the distal cam driver and opposite the hammer, and the distal crimping
location is between the hammer and the anvil.

In accordance with still an added feature, the snare is shaped to extend through the
interior of the carriage and pass through the internal hollow of the first crimp.

In accordance with still an additional feature, the first crimp has a proximal end and
which further comprises a user-movable snare movement assembly having the snare, a hollow
snare guide in which is disposed the snare, the snare guide being disposed external to the shaft
and, when moved distally, moving through the lateral opening and up to the proximal end of the
first crimp, and a snare extension device moving the snare distally through the snare guide,
through the first crimp, and past the distal crimping location of the shaft to secure the at least one
cord temporarily and pull at least a portion of the at least one cord through the first crimp and out
the lateral opening.

In accordance with another feature, the first crimp has a proximal end and which further
comprises movable snare movement assembly having a cord lifter within the shaft, adjacent the
snare, and shaped to lift at least one of the snare and the at least one cord and a snare extension
device moving the snare distally along the cord lifter, through the first crimp, and past the distal

crimping location of the shaft to secure the at least one cord temporarily and pull at least a
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portion of the at least one cord through the first crimp and past the cord lifter, the cord lifter,
when actuated, presenting at least some of the portion of the at least one cord out the lateral
opening for access by a user.

In accordance with a concomitant feature, there is provided a cutting assembly having a
cutter within the shaft extending parallel to the longitudinal axis and shaped to cut the at least
one cord adjacent the first crimp and a cutter control device connecting the cutter to the shaft to
have the cutter move and cut the at least one cord adjacent the first crimp when the shaft is at a
distal position with respect to one of the hammer and the anvil.

Although the devices and methods are illustrated and described herein as embodied in a
multiple-firing crimp device and methods for using and manufacturing same, it is, nevertheless,
not intended to be limited to the details shown because various modifications and structural
changes may be made therein without departing from the spirit thereof and within the scope and
range of equivalents of the claims. Additionally, well-known elements of exemplary
embodiments will not be described in detail or will be omitted so as not to obscure the relevant
details.

Additional advantages and other features characteristic of the present devices and
methods will be set forth in the detailed description that follows and may be apparent from the
detailed description or may be learned by practice of exemplary embodiments. Still other
advantages may be realized by any of the instrumentalities, methods, or combinations
particularly pointed out in the claims.

Other features that are considered as characteristic for the devices and methods are set
forth in the appended claims. As required, detailed embodiments are disclosed herein; however,
it is to be understood that the disclosed embodiments are merely exemplary, which can be
embodied in various forms. Therefore, specific structural and functional details disclosed herein
are not to be interpreted as limiting, but merely as a basis for the claims and as a representative
basis for teaching one of ordinary skill in the art to variously employ the present devices and
methods in virtually any appropriately detailed structure. Further, the terms and phrases used
herein are not intended to be limiting; but rather, to provide an understandable description
thereof. While the specification concludes with claims defining the features that are regarded as

novel, it is believed that the devices and methods will be better understood from a consideration
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of the following description in conjunction with the drawing figures, in which like reference

numerals are carried forward.

Brief Description of Drawings

The accompanying figures, where like reference numerals refer to identical or
functionally similar elements throughout the separate views, which are not true to scale, and
which, together with the detailed description below, are incorporated in and form part of the
specification, serve to illustrate further various embodiments and to explain various principles
and advantages all in accordance with the present devices and methods. Advantages of
embodiments will be apparent from the following detailed description of the exemplary
embodiments thereof, which description should be considered in conjunction with the
accompanying drawings in which:

FIG. 1 is a fragmentary, longitudinal, cross-sectional view of an exemplary
embodiment of an end effector for a multiple-firing crimp device with a crimp sub-assembly in a
position ready to load a first crimp;

FIG. 2 is a fragmentary, longitudinal, cross-sectional view of the end effector of the
multiple-firing crimp device of FIG. 1 with the crimp sub-assembly removed;

FIG. 3 is a fragmentary, side elevational and partially longitudinal cross-sectional view
of an exemplary embodiment of a portion of a handle for operating the end effector of FIG. 2
with the crimp sub-assembly fully retracted;

FIG. 4 is a fragmentary, longitudinal, cross-sectional view of the end effector of FIG. 1
with the crimp sub-assembly in an extended position prior to seating of a crimp;

FIG. 5 is a fragmentary, side elevational and partially longitudinal cross-sectional view
of the handle portion of FIG. 3 with the crimp sub-assembly actuators in a carriage-extended
position corresponding to FIG. 4;

FIG. 6 is a fragmentary, longitudinally cross-sectional view of the end effector of FIG.
1 with the crimp sub-assembly in a crimp-seated position ready for use;

FIG. 6A is a fragmentary, longitudinally cross-sectional view of an enlarged distal

portion of the end effector of FIG. 6;
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FIG. 7 is a fragmentary, side elevational and partially longitudinal cross-sectional view
of the handle portion of FIG. 3 with the crimp sub-assembly actuators in a suture-use position
corresponding to FIG. 6;

FIG. 8 is a fragmentary, longitudinally cross-sectional view of the end effector of FIG.
6 with a snare in an extended snare position ready for capturing one or more cords;

FIG. 9 is a fragmentary, side elevational and partially longitudinal cross-sectional view
of the handle portion of FIG. 3 with the snare sub-assembly actuator in a snare-use position
corresponding to FIG. §;

FIG. 10 is a fragmentary, longitudinally cross-sectional view of the end effector of FIG.
8 with a snare in an extended snare position ready for or capturing a suture and with the suture
screw carriage disengaged from the distal-most clip and fully retracted;

FIG. 11 is a fragmentary, side elevational and partially longitudinal cross-sectional
view of the handle portion of FIG. 3 with the snare sub-assembly actuator in a snare-use position
corresponding to FIG. 10 and with the suture screw carriage disengaged from the distal-most
crimp and fully retracted;

FIG. 12 is a fragmentary, perspective view of the end effector of FIGS. 8 and/or 10
with cords to be captured extended within the loop of the snare;

FIG. 13 is a fragmentary, longitudinally cross-sectional view of the end effector of FIG.
10 enlarged with respect to FIG. 10, with the snare in a partially retracted snare position after
capturing cords and with the cords having passed partially through the crimp;

FIG. 14 is a fragmentary, longitudinally cross-sectional view of the end effector of FIG.
13 reduced with respect to FIG. 13 and with the snare in a further partially retracted snare
position after capturing the cords;

FIG. 15 is a fragmentary, side elevational view of the end effector of FIG. 14;

FIG. 16 is a fragmentary, side elevational and partially longitudinal cross-sectional
view of the handle of FIG. 11 with the snare sub-assembly actuator further retracted than the
position of the snare corresponding to FIG. 12;

FIG. 17 is a fragmentary, longitudinally cross-sectional view of the end effector of
FIGS. 14 and 15 with a cord-lifting device in a lowered position;

FIG. 18 is a fragmentary, longitudinally cross-sectional view of the end effector of FIG.

17 with the cord-lifting device in a lifted position positioning the cords for grasping by a user;
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FIG. 19 is a fragmentary, perspective view of the end effector of FIG. 18;

FIG. 20 is a fragmentary, side elevational and partially longitudinal cross-sectional
view of the handle of FIG. 16 with the cord-lifting device actuated to position the cord lifter to
the position corresponding to FIGS. 18 and 19;

FIG. 21 is a fragmentary, longitudinally cross-sectional view of the end effector of FIG.
19 with the cord-lifting device in a lifted position, with the suture grasped by a user, and with the
snare in the partially retracted position;

FIG. 22 is a fragmentary, longitudinally cross-sectional view of the end effector of FIG.
21 with the cord-lifting device in a lowered position, with the cords grasped by a user at an acute
angle with the longitudinal axis of the end effector, and with the snare in a retracted position;

FIG. 23 is a fragmentary, perspective view of the end effector of FIG. 22;

FIG. 24 is a fragmentary, side elevational and partially longitudinal cross-sectional
view of the handle of FIG. 20 with the cord-lifting device returned to the unactuated position that
places the cord-lifting device in the lowered position corresponding to FIGS. 22 and 23 and with
the snare actuator in the retracted position;

FIG. 25 is a fragmentary, longitudinally cross-sectional view of the end effector of FIG.
23 enlarged with respect to FIG. 23 and with the outer tube partially extended to move the
hammer radially inwards and thereby crimp the crimp to the cords therewithin;

FIG. 26 is a fragmentary, side elevational and partially longitudinal cross-sectional
view of the handle of FIG. 24 with the outer tube extended distally into the position
corresponding to FIG. 25;

FIG. 27 is fragmentary, longitudinally cross-sectional view of the end effector of FIG.
25 with the crimp and cords removed;

FIG. 28 is fragmentary, longitudinally cross-sectional view of the end effector of FIG.
25 with the cutter actuator fully extended to move the cutting blade and thereby cut the cords;

FIG. 29 is a fragmentary, side elevational and partially longitudinal cross-sectional
view of the handle of FIG. 26 with the cutter actuator fully extended distally into the position
corresponding to FIG. 28 to thereby cut the captured cords;

FIG. 30 is a fragmentary, perspective view of the end effector of FIG. 25;

FIG. 31 is a fragmentary, side elevational and partially longitudinal cross-sectional

view of the handle of FIG. 29 with the cutter and crimping actuators retracted proximally to
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release the crimped crimp and with the crimp sub-assembly ready to reload a new crimp into the
end effector;

FIG. 32 is an enlarged perspective view of the crimp of FIG. 1;

FIG. 33 is a longitudinal cross-sectional view of the crimp of FIG. 1;

FIG. 34 is an enlarged perspective view of the crimp of FIGS. 33 and 34 after being
crimped;

FIG. 35 is an enlarged perspective and longitudinal cross-sectional view of the crimp of
FIGS. 32 and 33 after being crimped;

FIG. 36 is a photograph of an exemplary embodiment of a distal end of a snare with a
loop and its tip expanded;

FIG. 37 is a photograph of an exemplary embodiment of a snare with a loop and its tip
expanded;

FIG. 38 is a photograph of another exemplary embodiment of a distal end of a snare
with a loop and its tip expanded;

FIG. 39 is a fragmentary, longitudinally cross-sectional view of an exemplary
embodiment of an alternative end effector to the device shown in FIGS. 1 to 31 and similar to
FIG. 8, wherein the snare is replaced with a distal hook that hooks the cords and draws them into
the assembly for securing with a loaded crimp, this embodiment allowing the user to thread the
crimp with a single hand that is holding the device’s handle;

FIG. 40 is a fragmentary, enlarged perspective view of the end effector of FIG. 39;

FIG. 41 is a fragmentary, enlarged perspective view of the end effector of FIG. 40 with
the hook holding two leads of a suture;

FIG. 42 is a fragmentary, longitudinally cross-sectional view of an exemplary
embodiment of a multiple-firing crimp device having an end effector with a manually actuated
crimp sub-assembly in a position with a first crimp loaded for use;

FIG. 43 is a fragmentary, longitudinally cross-sectional view of the multiple-firing
crimp device of FIG. 42 with the manually actuated crimp sub-assembly in a partial snare-
movement position toward the first crimp;

FIG. 44 is a fragmentary, enlarged, longitudinally cross-sectional view of the multiple-

firing crimp device of FIG. 42;
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FIG. 45 is a fragmentary, enlarged, longitudinally cross-sectional view of the multiple-
firing crimp device of FIG. 43;

FIG. 46 is a fragmentary, longitudinally cross-sectional view of the multiple-firing
crimp device of FIG. 42 with the manually actuated crimp sub-assembly lowering the snare
guide tube into the snare guide tube loading track and axially aligning with the center of the first
crimp;

FIG. 47 is a fragmentary, longitudinally cross-sectional view of the multiple-firing
crimp device of FIG. 42 with the manually actuated crimp sub-assembly inserting the snare
guide tube up to the center of the first crimp for receiving therein the snare, the lowering of the
snare guide tube unlocking the snare shuttle for distal movement;

FIG. 48 is a fragmentary, enlarged, longitudinally cross-sectional view of the multiple-
firing crimp device of FIG. 46;

FIG. 49 is a fragmentary, enlarged, longitudinally cross-sectional view of the multiple-
firing crimp device of FIG. 47;

FIG. 50 is a fragmentary, enlarged, partially longitudinally cross-sectional view of the
multiple-firing crimp device of FIG. 47;

FIG. 51 is a fragmentary, longitudinally cross-sectional view of the multiple-firing
crimp device of FIG. 42 with the manually actuated crimp sub-assembly extending the snare
through the snare guide tube and through and out from the first crimp for receiving therein the
cords to be snared, movement of the outer body being locked and only permitting movement of
the snare shuttle for snare movement;

FIG. 52 is a fragmentary, longitudinally cross-sectional view of the multiple-firing
crimp device of FIG. 51 with cords in the snare;

FIG. 53 is a fragmentary, enlarged, longitudinally cross-sectional view of the multiple-
firing crimp device of FIG. 51;

FIG. 54 is a fragmentary, enlarged, longitudinally cross-sectional view of the multiple-
firing crimp device of FIG. 52;

FIG. 55 is a fragmentary, enlarged, longitudinally cross-sectional view of the multiple-
firing crimp device of FIG. 42 with the manually actuated crimp sub-assembly having retracted
the snare and the cords along with the snare guide tube out from the distal end of the shaft

assembly and having pulled the cords through the first crimp, movement of the outer body being
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free in the proximal direction and movement of the snare shuttle being free to retract the snared
cords;

FIG. 56 is a fragmentary, enlarged, longitudinally cross-sectional view of the multiple-
firing crimp device of FIG. 42 with the manually actuated crimp sub-assembly having
completely retracted the snare from the cords to allow a user to manually pull the free ends of the
previously snared suture tight and to place the crimp adjacent to the loop of the cords where
crimping is to take place after the user pulls tightly on the cords to place the distal end of the
device at the cord-tying location;

FIG. 57 is a photograph of a fragmentary, perspective view of an exemplary
embodiment of a shuttle for the multiple-firing crimp device of FIG. 42

FIG. 58 is a fragmentary, perspective view of an exemplary embodiment of a multiple-
firing crimp device having an end effector with a manually actuated crimp sub-assembly in a
position with a first crimp loaded for use, with a shuttle in a ready to use state, and with a handle
removed;

FIG. 59 is a fragmentary, perspective view of the multiple-firing crimp device of FIG.
58 with the manually actuated crimp sub-assembly with the shuttle in a snare-movement
position;

FIG. 60 is a fragmentary, enlarged, longitudinally cross-sectional view of the multiple-
firing crimp device of FIG. 58 with the shuttle in an intermediate position between the handle
and the crimp and with a snare scroll removed;

FIG. 61 is a fragmentary, enlarged, partially transparent, longitudinally cross-sectional
view of the multiple-firing crimp device of FIG. 58 with the shuttle in an intermediate position
between the handle and the crimp and with the snare scroll removed;

FIG. 62 is a fragmentary, enlarged, transparent, longitudinally cross-sectional view of
the multiple-firing crimp device of FIG. 58 with the shuttle in an intermediate position between
the handle and the crimp and with the snare scroll removed;

FIG. 63 is a fragmentary, enlarged, partially transparent, longitudinally cross-sectional
view of the multiple-firing crimp device of FIG. 59 with the shuttle in a snare-movement
position;

FIG. 64 is a fragmentary, enlarged, longitudinally cross-sectional view of the multiple-

firing crimp device of FIG. 59 with the shuttle in the snare-movement position;
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FIG. 65 is a fragmentary, enlarged, transparent, longitudinally cross-sectional view of
the multiple-firing crimp device of FIG. 59 with the shuttle in the snare-movement position;

FIG. 66 is a fragmentary, perspective view of the multiple-firing crimp device of FIG.
58 with the manually actuated crimp sub-assembly with the shuttle in a snare-extended position;

FIG. 67 is a fragmentary, enlarged, partially transparent, longitudinally cross-sectional
view of the multiple-firing crimp device of FIG. 66 with the shuttle in the snare-extended
position;

FIG. 68 is a fragmentary, enlarged, longitudinally cross-sectional view of the multiple-
firing crimp device of FIG. 66 with the shuttle in the snare-extended position;

FIG. 69 is a fragmentary, enlarged, transparent, longitudinally cross-sectional view of
the multiple-firing crimp device of FIG. 66 with the shuttle in the snare-extended position;

FIG. 70 is a fragmentary, perspective view of an exemplary embodiment of a distal end
of a multiple-firing crimp device having a distal headlight assembly in an off state and an end
effector with a manually actuated crimp sub-assembly in a position with a first crimp loaded for
use and with a shuttle in a ready to use state;

FIG. 71 is a fragmentary, partially transparent, perspective view of the multiple-firing
crimp device of FIG. 70;

FIG. 72 is a fragmentary, perspective view of the multiple-firing crimp device of FIG.
70 with a headlight cover removed;

FIG. 73 is a fragmentary, transparent, perspective view of the multiple-firing crimp
device of FIG. 70;

FIG. 74 is a fragmentary, partially transparent, perspective view of the multiple-firing
crimp device of FIG. 70 with the shuttle in the snare-extended position;

FIG. 75 is a perspective view of a left side of an alternative exemplary embodiment of a
shuttle body;

FIG. 75A is a transparent, perspective view of the shuttle body of FIG. 75;

FIG. 75B is a perspective view of a right side of the shuttle body of FIG. 75;

FIG. 76 is a perspective view of a left side of an alternative exemplary embodiment of a
shuttle body with snare-extender slide removed;

FIG. 76A is a transparent, perspective view of the shuttle body of FIG. 76;

FIG. 76B is a perspective view of a right side of the shuttle body of FIG. 76;
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FIG. 77 is a perspective view of a left side of a left half of an alternative exemplary
embodiment of a shuttle body with snare-extender slide removed;

FIG. 77A is a transparent, perspective view of the shuttle body half of FIG. 77;

FIG. 77A is a perspective view of a right side of the shuttle body half of FIG. 77;

FIG. 78 is a perspective view of a left side of an alternative exemplary embodiment of a
shuttle body with snare-extender slide removed;

FIG. 78A is a transparent, perspective view of the shuttle body of FIG. 78§;

FIG. 78B is a perspective view of a right side of the shuttle body of FIG. 78;

FIG. 79 is a fragmentary, perspective view of a right side of an exemplary embodiment
of a handle for a multiple-firing crimp device with the right half of the handle body removed;

FIG. 80 is a fragmentary, perspective view of the handle of FIG. 79 with a cover of a
carriage movement assembly transparent;

FIG. 81 is a fragmentary, side elevational view of a right side of the handle of FIG. 79
in a crimp-retracted state;

FIG. 82 is a fragmentary, side elevational view of the right side of the handle of FIG.
79 in a crimp-holding state;

FIG. 83 is a fragmentary, side elevational view of the right side of the handle of FIG.
79 in a clutched state;

FIG. 84 is a fragmentary, side elevational view of the right side of the handle of FIG.
79 in a crimp-extended state;

FIG. 85 is a fragmentary, perspective view of an exemplary embodiment of an end
effector of a multiple-firing crimp device with a fixed blade and a blade pushrod in a fully
retracted position and a crimping assembly in a non-crimping state;

FIG. 86 is a fragmentary, perspective view of the end effector of FIG. 85 with the outer
tube transparent;

FIG. 87 is a fragmentary, perspective view of the end effector of FIG. 86 with the
crimping assembly in a crimped state;

FIG. 88 is a fragmentary, perspective view of the end effector of FIG. 87 with the blade
pushrod in a partially actuated state before cutting;

FIG. 89 is a fragmentary, perspective view of the end effector of FIG. 88 with the blade

pushrod in a fully actuated state after cutting;
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FIG. 90 is a fragmentary, longitudinally cross-sectional, perspective view of a distal
end of the end effector of FIG. 85;

FIG. 91 is a fragmentary, longitudinally cross-sectional, perspective view of a distal
end of the end effector of FIG. §9;

FIG. 92 is a flow chart of a process for completing a crimping procedure with a
multiple-firing crimping assembly;

FIGS. 93 to 101 are perspective and exploded views of an exemplary embodiment of a
cord, cable, or suture securing clip with a rotatable locking assembly;

FIG. 102 is a fragmentary perspective view of the securing clip of FIGS. 93 to 101
within a clip-delivery system in a loading orientation;

FIG. 103 is a fragmentary perspective and partially transparent view of the securing
clip and clip-delivery system of FIG. 102;

FIG. 104 is a fragmentary perspective view of the securing clip and delivery system of
FIG. 102 within the securing clip in a partially locked state;

FIG. 105 is a fragmentary perspective view of the securing clip and delivery system of
FIG. 102 within the securing clip in a partially locked state;

FIG. 106 is a fragmentary perspective view of the securing clip and delivery system of
FIG. 102 within the securing clip deployed out from the distal end of the delivery system;

FIG. 107 is a fragmentary perspective view of the securing clip and delivery system of
FIG. 102 within a second securing clip advanced toward the distal end of the delivery system;

FIG. 108 is a fragmentary perspective view of the second securing clip and delivery
system of FIG. 107 enlarged;

FIG. 109 is a fragmentary, transparent perspective view of the second securing clip and
delivery system of FIG. 107 enlarged;

FIG. 110 is a photograph of a perspective view of an exemplary embodiment of another
securing clip not to scale with a rotatable locking assembly in an unlocked state;

FIG. 111 is a photograph of a perspective view of the securing clip of FIG. 110 with a
rotatable locking assembly in a partially locked state;

FIG. 112 is a photograph of a perspective view of the securing clip of FIG. 110 with a
rotatable locking assembly in a locked state;

FIG. 113 is a photograph of a bottom plan view of the securing clip of FIG. 112;
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FIG. 114 is a photograph of a bottom plan view of the securing clip of FIG. 110 with
the rotatable locking assembly in an unlocked state with a cord inserted therein;

FIG. 115 is a photograph of a bottom plan view of the securing clip of FIG. 114 with
the rotatable locking assembly in a partially locked state;

FIG. 116 is a photograph of a bottom plan view of the securing clip of FIG. 114 with
the rotatable locking assembly in a locked state;

FIG. 117 is a photograph of a perspective view of an exemplary embodiment of a
further securing clip not to scale with a press-fit locking assembly in a separated state;

FIG. 118 is a photograph of a perspective view of the securing clip of FIG. 117;

FIG. 119 is a photograph of a perspective view of the securing clip of FIG. 117 in a
partially fitted state;

FIG. 120 is a photograph of a perspective view of the securing clip of FIG. 117 in a
further partially fitted state;

FIG. 121 is a photograph of a perspective view of an exemplary embodiment of still a
further securing clip not to scale with a press-fit locking assembly in a disassembled state;

FIG. 122 is a photograph of a perspective view of the securing clip of FIG. 121 with the
clip in an assembled state and the press-fit locking ring disassembled;

FIG. 123 is a photograph of a perspective view of the securing clip of FIG. 121 with the
clip clamping a cord and with the press-fit locking ring not shown;

FIG. 124 is a photograph of a perspective view of the securing clip of FIG. 123 with the
press-fit locking ring partially installed; and

FIG. 125 is a photograph of a perspective view of the securing clip of FIG. 123 with the

press-fit locking ring installed.

Best Mode for Carrying Out the Invention

As required, detailed embodiments of the present devices and methods are disclosed
herein; however, it is to be understood that the disclosed embodiments are merely exemplary of,
which can be embodied in various forms. Therefore, specific structural and functional details
disclosed herein are not to be interpreted as limiting, but merely as a basis for the claims and as a
representative basis for teaching one skilled in the art to variously employ the present devices

and methods in virtually any appropriately detailed structure. Further, the terms and phrases
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used herein are not intended to be limiting; but rather, to provide an understandable description
of the devices and methods. While the specification concludes with claims defining the features
that are regarded as novel, it is believed that the devices and methods will be better understood
from a consideration of the following description in conjunction with the drawing figures, in
which like reference numerals are carried forward.

Alternate embodiments may be devised without departing from the spirit or the scope
of the devices and methods. Additionally, well-known elements of exemplary embodiments of
the devices and methods will not be described in detail or will be omitted so as not to obscure the
relevant details thereof.

Before the present devices and methods are disclosed and described, it is to be
understood that the terminology used herein is for the purpose of describing particular
embodiments only and is not intended to be limiting. The terms “a” or “an”, as used herein, are
defined as one or more than one. The term “plurality,” as used herein, is defined as two or more
than two. The term “another,” as used herein, is defined as at least a second or more. The terms
“including” and/or “having,” as used herein, are defined as comprising (i.e., open language).
The term “coupled,” as used herein, is defined as connected, although not necessarily directly,
and not necessarily mechanically.

Relational terms such as first and second, top and bottom, and the like may be used
solely to distinguish one entity or action from another entity or action without necessarily
requiring or implying any actual such relationship or order between such entities or actions. The

2% <

terms “comprises,” “comprising,” or any other variation thereof are intended to cover a non-
exclusive inclusion, such that a process, method, article, or apparatus that comprises a list of
elements does not include only those elements but may include other elements not expressly
listed or inherent to such process, method, article, or apparatus. An element proceeded by
“comprises ... a” does not, without more constraints, preclude the existence of additional
identical elements in the process, method, article, or apparatus that comprises the element.

As used herein, the term "about" or “approximately” applies to all numeric values,
whether or not explicitly indicated. These terms generally refer to a range of numbers that one of
skill in the art would consider equivalent to the recited values (i.e., having the same function or

result). In many instances these terms may include numbers that are rounded to the nearest

significant figure.
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The terms “program,” “software,” “software application,” and the like as used herein,

are defined as a sequence of instructions designed for execution on a computer system. A

b (13 b (13 b (13

“program,” “software,” “application,” “computer program,” or “software application” may
include a subroutine, a function, a procedure, an object method, an object implementation, an
executable application, an applet, a servlet, a source code, an object code, a shared
library/dynamic load library and/or other sequence of instructions designed for execution on a
computer system.

Herein various embodiments of the present devices and methods are described. In
many of the different embodiments, features are similar. Therefore, to avoid redundancy,
repetitive description of these similar features may not be made in some circumstances. It shall
be understood, however, that description of a first-appearing feature applies to the later described
similar feature and each respective description, therefore, is to be incorporated therein without
such repetition.

Described now are exemplary embodiments. Referring now to the figures of the
drawings in detail and first, particularly to FIGS. 1 to 35, there is shown a first exemplary
embodiment of a multiple-firing crimp device 1. FIG. 1 shows an end effector of the multiple-
firing crimp device 1 with a crimp assembly in a position ready to load a first crimp. From the
center to the exterior of the crimp assembly, the innermost structure is a snare 10. In an
exemplary embodiment, the snare 10 is laser cut out of a sheet of Nitinol or is a Nitinol wire and
is heat set in a snare shape. Exemplary heat-set embodiments are shown in FIGS. 36 to 38. The
snare 10 has a very low profile sufficient to fit, as shown in FIG.1, within a hollow tube having
an inner diameter of approximately .025”. A loop 12 is formed in the snare 10 to provide a large
area in which the user has to thread the cables to be connected together (e.g., ends of a surgical
suture). For example, the loop 12 is approximately ovular with a major axis approximately 1.25”
long and a minor axis approximately 1 long. The snare 10 is formed with a distal tip 14 that is
described in further detail below. Herein, various snares are described and are equally applicable
to temporarily secure a cord or cords. Shapes of the snares described herein are not exclusive
and are not to be taken as the only shapes and/or configurations possible for snaring a cord/cords.
Shapes can include closed or open loops, hooks, curves, or other shapes.

Surrounding the snare 10 is a crimp carriage 20. The crimp carriage 20 has a central

lumen 22 with an inner diameter of approximately .025” to house therein the snare 10. One or
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more of the inner surface of the central lumen 22 and the snare 10 is lubricious so that the snare
10 can move out from and back into the central lumen 22 with little friction and without
catching. As the snare 10 exits the central lumen 22, the loop 12 expands and forms its heat-set
shape after the entirety of the loop 12 exits the distal end of the central lumen 22 (see, e.g., FIGS.
36 to 38). The outer surface of the crimp carriage 20 has an exterior thread 24. This exterior
thread 24 is described in further detail below with regard to the crimps 30 and has a shape
corresponding to an interior thread 32 of each crimp 30. As such, the length of the exterior
thread 24 can be as long as the crimp carriage 20 but it can also be only as long as is needed to
thread the desired number of crimps 30 thereon in series. Five of the crimps 30 are illustrated as
threaded onto the crimp carriage 20 in FIG. 1 but the threads are only shown diagrammatically in
FIG. 1 within one crimp 30 and half of a second crimp 30 (this is done for illustration purposes
only). These threads are present on the crimp carriage 20 at least for the length of all of the
crimps 30 that are to be loaded on the carriage 20. Alternatively the carriage can be smooth and
have the crimps stacked up on it with a retention feature disposed on the end of the carriage that
prevents the crimps from falling off the end of the carriage. In such an embodiment, the crimps
are biased toward the retention feature by a slide that is, itself, biased distally by a compression
spring. The slide has a mechanism that only allows it to slide distally along the carriage. In this
way, the crimps are advanced into position and, once the distal-most crimp is moved into the
ready position, the stack of remaining crimps index forward moving the next crimp into position.

Surrounding the crimp carriage 20 at the distal end of the device is the end effector
body 40, which is best seen in FIGS. 17 to 22. The end effector body 40 defines a crimp loading
orifice 42 in which a crimp 30 is loaded and, when loaded, is ready for firing. FIG. 1 does not
show a crimp 30 in a loaded crimping position. A crimping device 50 is disposed at the orifice
42 and, in the exemplary embodiment shown, is positioned on opposing sides of the orifice 42.
More particularly, an anvil 52 is present on one side of the orifice 42 and a hammer 54 is present
on the other side of the orifice 42 opposite the anvil 52. The anvil 52 can be of a different
material than the end effector body 40 or it can be integral with the end effector body 40. A
cutting assembly 60 is also present at the end effector body 40. The cutting assembly 60, in the
exemplary embodiment shown, includes a cutter 62 that is biased in a non-cutting position
(shown) by a non-illustrated spring, for example. The cutter 62 is moved (e.g., rotated) by a

cutter push-rod 64, 66 that extends back to the handle 100 of the multiple-firing crimp device 1;
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the handle 100 is diagrammatically shown in FIG. 3, for example, and is acutated by any number
of actuation mechanisms, such as a motor, a relay, a lever, and/or a rack-and-pinion. To bias at
least one of the movement assemblies in a proximal direction, a bias device 3 is provided and is
diagrammatically shown in the handle 100 adjacent the movement assemblies. In this example,
the bias device 3 is a spring.

An outer tube 70 surrounds the end effector body 40 and surrounds at least part of the
cutting assembly 60 as it moves distal and proximal with respect to the end effector body 40.
Also disposed within the outer tube 70 is a suture lifter 80, which is explained in further detail
below.

To explain how the multiple-firing crimp device 1 operates, reference is made to the
progression of FIGS. 2 through 31. The multiple-firing crimp device 1 comes pre-loaded to the
user with a number of crimps 30 on the crimp carriage 20. This number is sufficient to
accomplish a particular procedure. For example, if a heart valve replacement is the procedure
and there are nine, twelve, or fifteen sutures needed to fix the replacement heart valve within the
native valve orifice (this assumes an even spacing on a tri-leaflet valve), then the crimp carriage
20 will be fitted with nine, twelve, or fifteen crimps 30 (e.g., six crimps 30 are shown on the
crimp carriage 20 in FIG. 4).

When the multiple-firing crimp device 1 is loaded with crimps 30 and is ready to use,
the movement devices of the various loading/retracting, crimping, and cutting sub-assemblies
within the handle 100 will be at a first rest or start position. These assemblies are shown
diagrammatically within FIGS. 3, 5,7, 9, 11, 12, 16, 20, 24, 26, 29, and 31. Ways that each of
the movement sub-assemblies can actuate the various tasks of the multiple-firing crimp device 1
include any combination of levers, motors, relays, and other mechanical structures, such as a
rack-and-pinion. Thus, they are not described in further detail. Here, each of the movement sub-
assemblies includes a movement spool as an exemplary structure for actuating the assembly,
each of which will be identified when the particular movement assembly is referenced herein.
Spools are used to allow for longitudinal translation with free rotation.

When the multiple-firing crimp device 1 is loaded with crimps 30 prior to use, as
shown in FIGS. 2 and 3, the crimp carriage 20 is retracted proximally out of the end effector
body 40. Thus, the carriage spool 29 is in the furthest retracted position (i.e., proximal or closest

to the user). In this state, the cutter 62 is retracted and the hammer 54 is in its steady or resting
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state away from the anvil 52. Significantly, no crimp 30 is loaded within the crimp orifice 42. In
this state, the snare 10 is also retracted with the crimp carriage 20 and, therefore, the snare spool
19 is in the furthest retracted position as well.

To load the multiple-firing crimp device 1 with a crimp 30 and make it ready for use,
the crimp carriage 20 is extended distally. This is done by placing the carriage spool 29, along
with the snare spool 19, in the position shown in FIG. 5. In this step, the snare spool 19 can be
free-floating because the carriage spool 29 (having a shaft within a shaft attached to the snare
spool 19) forces the snare spool 19 distally as far as the carriage spool 29 is moved. To secure
the distal-most crimp 30’ within the crimp orifice 42, the head 32 of the soon-to-be-loaded crimp
30’ must pass the distal ends of the hammer 51 and the anvil 52, a state that is shown in FIG. 4.
To describe how the crimp 30’ is loaded into the crimp orifice 42 and held there, it is beneficial
to first describe an exemplary embodiment of a crimp 30, which is shown in FIGS. 32 and 33.
To thread the crimp 30 onto the externally threaded crimp carriage 20, the crimp 30 defines a
bore having internal threads 32 corresponding to the external threads 24 of the crimp carriage 20.
In this way, each crimp 30 can simply be placed in loading position at the distal end of the crimp
carriage 20 and rotation of the crimp carriage 20 in a particular direction serially loads each
crimp 30 thereon one after the other, as shown, for example, in FIG. 1. To prevent the crimps 30
from rotating while the crimp carriage 20 is rotating, each crimp 30 has a head 34 formed with at
least one polygonal surface 36. The end effector body 40 has a corresponding shape to the
polygonal surface that acts as a structure to keep each crimp 30 aligned therewithin and prevent
rotation of the crimp 30. The crimp 30 has various advantageous characteristics. First, its shape
delivers the highest clamp force density. Next, it presents a closed profile that houses the cord(s)
therein. Finally, it is easily deformed to restrain the cord(s) therein in a reliable and secure
manner.

Once the crimp carriage 20 is retracted from the crimp 30’, it would, without more, rest
within the crimp orifice 42 and, potentially, could fall out with movement of the multiple-firing
crimp device 1. Accordingly, to positively lock the crimp 30° within the crimp orifice 42, each
crimp 30 is provided with a catch 38, which can take any shape and, in the exemplary
embodiment shown, is a transverse groove or cut adjacent a proximal side of the head 34 (the top
side of the head 34 in the view of FIG. 33). The catch 38 can be any shape or structure and need

not be the shape depicted in the figures. The catch 38 can be a hole or other depression but it can
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even be an extension such as a protruding boss. To effect a catch-and-securement of the crimp
30” within the crimp orifice 42, the hammer 54 is provided with a distal feature 56 having a
shape that, when aligned with the catch 38, mates therewith. See, e.g., FIG. 6A. In the
exemplary embodiment, the distal feature 56 is a protruding nose having a longitudinal length
shorter than the longitudinal length of the catch 38. In this way, when the head 34 of the crimp
30 passes the distal feature 56 and is then retracted just slightly proximal, the distal surface of
the distal feature 56 abuts the proximal surface of the head 34 and extension of the distal feature
56 into the catch prevents both proximal and distal movement. Thus, along with the polygonal
surface 36, the crimp 30 is held in place in all dimensions as shown in FIGS. 6 and 6A. The
distal end in FIG. 6A shows the interaction of the catch 38 and the distal feature 56 and the
contact with both the distal faces of the hammer 54 and the anvil 52 to provide a proximal stop
for the crimp 30°.

It is desirable to provide additional holding force on the crimp 30’ to retain the crimp
30’ therein. Accordingly, the hammer 54, which is shaped as a flex beam secured distally to the
end effector body 40 at one or more contact points 58, has an interiorly extending section 53 that
acts as a cam along the edge of the crimp 30°. As such, with the distal end 72 of the outer tube
70 preventing the intermediate portion of the hammer 54 from flexing outward, the remaining
exposed portion 74 of the distal end of the hammer 54 flexes radially outward and, thereby,
imparts a strong radially inward bias against the crimp 30’. The position of the crimp carriage 20
and the snare 10 in this state defines the corresponding positions of the carriage spool 20 and the
snare spool 19 that are shown in FIG. 7.

Now that the crimp 30’ is in position for use, in order to thread the cords into and
through the hollow center of the crimp 30°, the snare 10 is extended distally through the crimp
30” with the tip 14 of the snare 10 moving distally away from the distal end of the end effector
body 40. As the tip 14 moves further distally, the loop 12 is permitted to open to its heat-set
shape, an example of which is shown in FIG. 8. Extension of the snare 10 occurs by moving the
snare spool 19 distally away from the carriage spool 29, as shown in FIG. 9. At this point, the
cords can be inserted through the loop 12 for entry into and through the crimp 30°. However, the
crimp 30’ is still attached to the crimp carriage 20. Accordingly, the crimp carriage 20 is rotated
(by a non-illustrated device that spins the carriage spool 29, for example) to disengage the crimp

30’ from the distal end of the crimp carriage 20. At the same time or either before or after, the
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crimp carriage 20 is moved distally out of the end effector body and is rotated further to cause
the distal end thereof to move and place the previously second crimp 30°” in line into the distal-
most crimp position, thereby converting the second crimp 30”’ into the next crimp 30’ to be used
for the next crimping procedure. The depiction in FIG. 10 illustrates the end effector with the
crimp carriage 20 entirely disengaged from the distal-most crimp 30° and retracted out of at least
a portion of the end effector body 40 to not interfere with subsequent steps (even though it is
shown completely out of the view of FIG. 10, this does not mean that such a distant retraction is
required. It is sufficient if the carriage 20 is retracted sufficiently far enough to not interfere with
subsequent steps prior to loading the next crimp 30°. The orientation of the snare and carriage
movement sub-assemblies for this state is depicted with the positions of the snare spool 19 and
the carriage spool 29 in FIG. 11.

In the example of FIG. 12, the free ends 2’ of a looped cord 2 are passed through the
loop 12 (from the left to the right in the drawing). At this point, the cords 2 are ready to be
threaded through the crimp 30’. The snare 10 is drawn proximally to catch the cords 2 within the
loop 12 and then in the tip 14. As the proximal end of the loop 12 is drawn proximally into the
crimp 30°, the loop 12 compresses flat, as in the orientation of FIG. 6, and the cords 2 are, then,
folded in half within the center of the tip 14. Further proximal movement draws the cords 2
through the crimp 30’ as depicted in FIG. 13. The looped ends in the tip 14 of the cords 2 are
drawn in further proximally into the device as shown in FIG. 14 until the free ends 2’ of the
cords 2 enter the end effector body 40, as shown in FIGS. 15 and 17. The orientation of the
snare and carriage movement sub-assemblies for this state is depicted with the positions of the
snare spool 19 and the carriage spool 29 in FIG. 16.

Now that the cords 2 are through the crimp 30’ and the ends 2” are pulled sufficiently
far enough into the shaft of the device, the process for presenting these ends 2’ to the user begins.

FIGS. 17 to 24 illustrate this process with an exemplary embodiment of a cord-lifting
device 170, which is one possible way to present the ends 2’ to a user. The cord-lifting device
170 1s fastened to the end effector body 40 at a pivot 172 so that the cord-lifting device 170 is
able to pivot away from the central axis of the outer tube 70. With this pivot 172, when the cord-
lifting device 170 is actuated, the cord-lifting plate 175 pivots to lift the cords 2 out of the outer
tube 70 through a window or lateral opening 171, as shown in FIG. 18. The lifting can be

effected with any mechanism, for example, a push rod extending from the handle 100 and
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attached in an intermediate position of the cord-lifting plate 174 or extending adjacent the pivot
172 to connect to a lever that lifts the cord-lifting plate 174 when either pushed or pulled. This
actuation device is not depicted for drawing clarity. At this point, the snare 10 still grasps the
cords 2. Accordingly, either the snare 10 can move distally to keep retention of the cords 2, as
shown in FIG. 18, or the snare 10 can remain in place and, as the cord-lifting device 170 lifts the
cords 2 outwards, either the length of the cords 2 distal of the crimp 30’ are pulled into the crimp
30 or the ends 2’ of the cords 2 are caused to shorten their distance from the tip 14 of the snare
10. FIG. 19 illustrates the lifted cords 2 still attached to the snare 10 and the cord-lifting device
170 lifted. FIG. 20 illustrates the positions of the various movement sub-assemblies for this
state.

As the snare 10 is pulled further distally, the ends 2’ of the cords 2 become freed
therefrom and now rest outside the outer tube 70 of the device. The user can, therefore, grasp
these ends 2’ and, after the cord-lifting device 170 is lowered, can pull them taut as shown in
FIGS. 22 and 23. At this point, the snare 10 can be retracted in the device as shown in FIG. 24
by the position of the snare spool 19. Now, the crimp 30’ can be installed/crimped/deformed on
the cords 2.

Movement of the distal end of the device with respect to the opposite ends of the cords
2 held by the user (not illustrated but to the lower left of FIG. 23) will depend on the location
that the user desires to fix the crimp 30°. If the current location is sufficient, then crimping will
occur with the length of the cords shown to the lower left of FIG. 23 remaining as is. However,
if the distance from the opposite ends of the cords 2 is desired to be short, then the user will
move the device distally along the cords 2 while holding onto the free ends 2’ and keeping them
taut. If, for example, the cords 2 are surgical sutures and the opposite ends of the cords 2 are
fixed at a surgical location, and if the surgeon wishes to have the crimp 30’ be applied as close to
the surgical location as possible, then the top of the head 34 of the crimp 30° will be moved
along the sutures distally and up against the surgical site. When there, with tension on the
sutures, the surgeon can fix the crimp 30’ at a location closest to the surgical site.

Crimping occurs by moving the outer tube 40 distally, which is indicated in FIG. 26 by
the distal movement of the crimp spool 79. As the distance for crimping the crimp 30’ is very
short, the crimp spool 79 needs to only move a short distance distally. This movement can be

caused manually by a lever, a toggle, or a button, for example, or by an electrical motor, such as
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a stepper motor. Crimping occurs by the outer surface 55 of the hammer 54 acting as a cam
profile with the distal end of the outer tube 70. As the outer tube 70 moves distally parallel to
the longitudinal axis of the device, the rising cam surface with respect to the outer tube 70 causes
the hammer 54 to press inwards against the crimp 30’ with a force sufficient to deform the crimp
30’ and fix it to the cords 2, as shown in FIGS. 25, 34, and 35. In this state, the crimp 30 is
crimped and, thereby, fixed to the cords 2 therewithin (shown diagrammatically with the dashed
line in FIG. 35). For ease of visualization, FIG. 27 illustrates the hammer 54 in the crimping
position without the crimp 30’ present.

It is noted that the internal threads 32 of the crimp 30’ provide additional friction and
holding power when crimped onto the cords 2. The internal threads of the crimp can be adjusted
to not be full depth threads. The threads also can be adjusted to optimize the ID of the crimp for
clearance to pass the cords and snare as well as to present a less damaging but still gripping
surface to the cords upon crimping. The catch 38 also provides crimp relief and length reduction
for when the crimp 30’ is squeezed. The distal-most section of the crimp 30’ remains
undistorted to provide a smooth transitional surface that the cords 2 can follow to prevent high
stress that might damage the cords 2.

After crimping occurs, the lengths of the cords 2 on the proximal side of the fixed
crimp 30’ are to be trimmed off. The cutting assembly 60 described above is able to cut the
cords 2 with a cutter pushrod having a relatively stiff proximal portion 64 and a relatively
flexible distal portion 66 that is able to bend as the pivoting blade 62 moves (see, for example,
FIG. 28). As such, cutting of the cords 2 occurs when an actuator at the handle 100 causes the
proximal portion 64 to move distally. This, in turn, causes the distal portion 66 to move distally
and, because it is fixed to the proximal side of the blade 62, causes the blade 62 to move about its
pivot point and allow the cutting edge 68 to sever the cords 2. As the blade 62 is only required to
move a very short distance, the distance that the cutting rod 64, 66 needs to move is also very
short and is illustrated by the relative positions of the cutting spool 69 in FIGS. 26 and 29. It is
noted that the outer tube 70 and tube spool 79 also move along with the cutting spool 69, but this
movement is optional. In order to assure cutting is complete and the device is unobstructed for
use of the next crimp 30, the cutting movement assembly is biased proximally (e.g., with a

spring) to automatically retract the knife 62 after a cut is complete.
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This cutting configuration of the cutter assembly 60 is merely one exemplary
embodiment. Another embodiment can include a pusher that cuts the cords 2 by pressing the
cords 2 against a fixed blade as described in further detail below. A further embodiment can
have the knife cut against a cut block or stop. Yet another embodiment can apply electric current
to the knife and allow it to cut as a hot wire. In any case, it is desirable to have the knife cut
close to location of the crimped crimp 30’ to reduce the remaining length of the cords 2
extending from the end of the crimp 30 opposite the head 34.

Like the cutting movement assembly, the movement assembly for the outer tube 70 is
biased proximally (e.g., with a spring, even the same spring as the cutting movement assembly)
to automatically retract the outer tube 70 after a crimp 30’ fixation is complete. In this way, the
hammer 54 is allowed to spring back to its ready-to-crimp position when the outer tube 70 is
disengaged.

An alternative to the loop 12 of the snare 10 is a hook needle configuration shown in
FIGS. 39 to 41. Instead of the loop 12, the snare 10 has a hook 13 that is able to catch and hold
the cords 2 as shown in FIG. 41. Like the loop 12, the hook 13 is pulled proximally until the
ends 2’ of the cords 2 release from the hook 13 and become loose for presentation to a user. The
presentation can include the cord-lifting device 170, for example.

Another exemplary embodiment of a multiple-firing crimp device 200 is illustrated in
FIGS. 42 to 56. In this multiple-firing crimp device 200, the crimp carriage 20 and the crimps 30
along with their respective movement sub-assemblies can be similar or identical to the previous
embodiments described and shown. Thus, where identical structures are present, the same
reference numerals may be used herein. Different structures, in contrast, have numbers with a
prefix of two hundred. In the embodiment of FIGS. 42 to 56, the movement devices for placing
and operating the snare 10 are included within a shuttle 280 that is movably displaced along the
outer tube 270. In order to keep the shuttle 280 rotationally aligned in one orientation about the
outer tube 270, the shuttle 280 and the outer tube 270 contain an alignment structure that can
take many forms. One possible form is a tongue-and-groove in which one of the shuttle 280 and
the outer tube 270 has the groove and the other has the tongue. A further alignment device can
attach a secondary tube or rod 570 to the bottom of the outer tube 270 and form a rail upon
which a corresponding longitudinal orifice in the shuttle 280 slidably resides. In such a

configuration, the cross-section of the outer tube 270 and rail can take the shape of an “8” (as
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shown in FIG. 57). The rail can have a different diameter than the diameter of the outer tube
270, for example, it can be smaller. Alternatively the outer tube can have a non-round profile
such as an oval or a hexagon. It is noted that all of the features of the handle 100 need not be
illustrated and, therefore, only a diagrammatic portion of the handle 100 is shown.

The process for completing a crimp installation is described in the transition from FIGS
42 through 56, in which the various parts are introduced. The steps of loading the crimp 30 into
the end effector body 240 and then withdrawing the crimp carriage 20 proximally for crimping is
not repeated or shown here for the sake of brevity. In these figures, the crimp 30 has already
been set into the end effector body 240 and is ready to be used and crimped on cords 2.

In FIG. 42, the manually actuated shuttle 280 is in a fully retracted position, in which
position the steps of loading the crimp 30’ into the end effector body 240 and then withdrawing
the crimp carriage 20 proximally occurs. Accordingly, the first crimp 30’ is in a position for use.
FIG. 43 illustrates the shuttle 280 moving distally towards the end effector body 240. In both the
fully retracted and intermediate positions almost to the distal end of the outer tube 270 (see
FIGS. 44 to 48), a snare-extension tube 212 resides outside the outer tube 270.

The shuttle 280 includes a snare-aligning assembly 282 and a snare-movement
assembly 290, both of which are illustrated, for example, in FIG. 44. The snare-aligning
assembly 282 pivots the snare-extension tube 212 into and out of alignment with the central axis
of the outer tube 270 so that the distal end of the snare-extension tube 212 can be placed adjacent
or even enter the longitudinal cavity of the crimp 30’ from the proximal side and, thereby, allow
extension of the snare 210 directly through the crimp 30°. The pivot of the snare-aligning
assembly 282 is disposed approximately at the midpoint of a vertical height of the shuttle body
281 and, because the outer tube 270 is present in these figures, the pivot is obscured from view.
The pivoting action can be seen in the transition from FIG. 48 to 49. The snare-aligning
assembly 282 is biased with a force from a bias device 283 that presses the snare-extension tube
212 downwards against the outer surface of the outer tube 270. In this manner, the outer surface
of the outer tube 270 acts as a cam surface to the snare-extension tube 212.

Additionally, the snare-aligning assembly 282 also has a lock-out arm 284 extending
proximally from the bias device 283 and residing in a pocket 291 of the snare-movement
assembly 290. The lock-out arm 284 has a proximal surface that opposes the distal-facing

interior surface of the pocket 291 and, when the proximal end of the lock-out arm 284 is
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disposed in the pocket 291, the proximal surface prevents distal longitudinal movement of a
snare-extender slide 292 until the lock-out arm 284 exits the pocket 291. In this manner, until
the snare-aligning assembly 282 is able to pivot the snare-extension tube 212 into alignment with
the crimp 30’, the snare-extender slide 292 is longitudinally fixed from moving distally.

FIGS. 46 and 47 illustrate the longitudinal positions of the shuttle 280 on the outer tube
270 at which the pivoting movement of the snare-aligning assembly 282 is made possible, which
movement unlocks the snare-extender slide 292. FIGS. 48 and 49 are close-up views of the
shuttle 280 in its respective positions in FIGS. 46 and 47. Movement of the snare-extension tube
212 is dependent upon the exterior surface of the outer tube 270. Accordingly, to allow the distal
end of the snare-extension tube 212 to align with the lumen in which the crimp carriage 20
travels, the outer tube 270 has a longitudinal slot 272. The shape of the slot 272 acts as a track to
guide and insert the distal end of the snare-extension tube 212 up to or into the proximal end of
the crimp 30°. As such, when the shuttle 280 passes the position on the outer tube 270 shown in
FIG. 48, the snare-extension tube 212 enters the slot 272 and drops against and into the inner
carriage lumen 271 of the outer tube 270, as shown in FIGS. 49 and 50. When this dropping
movement occurs, the pivot of the snare-aligning assembly 282 is complete and the lock-out arm
284 no longer impedes distal movement of the snare-extender slide 292. In this state, the distal
opening of the snare-extension tube 212 is axially aligned with the center of the crimp 30°.

Also revealed in detail in FIGS. 48 and 49 is the crimp carriage 20 carrying a set of
crimps 30. In these views, eighteen crimps 30 are illustrated. This number, however, is only
exemplary and the number can be as little or as great as desired dependent upon the procedure
being carried out. In these figures, the carriage lumen 271 has the polygonal shape to keep the
crimps 30 aligned but this keying feature is not illustrated.

With the snare-extender slide 292 unlocked for distal movement, extension of the snare
is now made possible. The snare 210 is different from the above embodiments in that the distal
end is no longer connected to the handle 100. Here, in contrast, the snare 210 is connected, at its
proximal end, to a tab 293 that is fixed to or integral with the snare-extender slide 292. As such,
the longitudinal length of the snare 210 (or its movement shaft) is significantly shorter than those
in the previous embodiments. In this manner, when the snare-extender slide 292 moves distally,
the snare 210 also moves distally. In these figures, the distal portion of the snare with the loop

12 and the tip 14 within the snare-extension tube 212 but are hidden for clarity. As the snare 210
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is relatively flexible and could possibly buckle when pushed distally out of the snare-extension
tube 212, a non-illustrated support tube (typically polymer based) surrounds the proximal portion
of the snare 210 within the shuttle body 281. This support tube can be attached to or be integral
with the extender slide 292. The length of the support tube should be such that the distal end of
the support tube is not able to be freed from the proximal end of the snare-extension tube 212,
thus keeping the two always aligned and preventing exit of the snare 210 from either.

The snare 210 can now be extended, as shown in FIGS. 51 and 53. As the snare-
extender slide 292 moves distally, the distal end of the snare 210 emerges from inside the crimp
30’ and finally exits to the environment distal of the shuttle 280 so that the loop 12 opens to
define an area into which the cords 2 are inserted, as shown in FIGS. 52 and 54. In FIGS. 51 to
54, the tip 14 of the snare 210 is not illustrated for clarity.

It is undesirable for the shuttle 280 to move longitudinally in any way while the snare
210 is moving distally from the position shown in FIGS. 49 and 50. Accordingly, movement of
the shuttle body 281 is locked when the snare-extender slide 292 moves. Such a movement
prevention device is not illustrated in FIGS. 42 to 56, but there is one show in FIG. 60, in which
a spring clip 590 engages an opening in the shaft 270 (or 570) when the shuttle is in its distal-
most snare-extending position. The motion of the spring clip 590 into the opening frees the
snare-extender slide 292, allowing it to now move distally while simultaneously locking the
shuttle 280 in the snare-extending position.

Once the cords 2 are inserted into the exposed and expanded loop 12 of the snare 10,
retraction of the cords 2 through the center of the crimp 30’ is now possible. To effect this
retraction, the user moves the snare-extender slide 292 proximally, in which position all but the
tip 14 is retracted back into the shuttle body 281, as shown in FIG. 57. The orientation of the tip
14 while the snare-extender slide 292 is in it proximal-most position is illustrated in FIG. 57. At
this point, a portion or all of the free ends of the cords 2 are still within the end effector body 240
or are distal of the crimp 30’ while the cords 2 are threaded through the tip 14. Now that the
snare-extender slide 292 is proximal, proximal movement of the shuttle body 281 becomes
possible given the fact that the spring clip 590 is free to flex back to its home position outside the
opening in the shaft 270, 570 (because the interlock holding the shuttle body 281 has
disengaged). The user continues retraction of the shuttle 280 with the snare and the coupled

cords 2 proximally until the free ends 2’ pass entirely through the crimp 30°, exit the shaft
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through slot 272, completely shorten, and finally exit the tip 14, as is shown in the transition
from FIG. 55 to FIG. 56.

At this point, the user is presented with the free ends 2’ outside the outer tube 270 and
is now able to manually pull the free ends 2’ of the previously snared cords 2 tight and place the
crimp 30’ adjacent to the distal loop of the cords 2 (not illustrated but to the left of FIG. 56)
where crimping is to take place. While pulling tightly on the free ends 2’ of the cords 2, the user
can place the distal end of the device where the crimp 30’ is being held at a cord-fixing location.
Actuation devices of the handle 100 (as described above) cause the crimp 30’ to compress on and
fix the cords 2 together and, thereafter, also cut the cords 2 just proximal of the crimped crimp
30’. The shuttle 280 is moved to its start position shown in FIGS. 42 and 44, thereby placing the
device in a position to load the next crimp 30" into the crimp orifice 42.

The snare 10 is secured at its proximal end to the snare-extender slide 292 (e.g., at tab
293) positioned adjacent the proximal end of the shuttle 280. Because the travel distance of the
snare-extender slide 292 is greater than or equal to the length of the snare that is to extend
outward from the shuttle 280 in the distal direction, the shuttle 280 must have a longitudinal
length that is dependent upon and is at least as long as the length of that snare. In other words,
the extension of the snare 10 by the snare-extender slide 292 is 1:1. If the length of the shuttle
280 requires it to have significant weight or to have a length that is greater than is needed, it
would be desirable to provide an assembly that permits a greater than 1:1 ratio and reduces the
longitudinal length and/or weight.

In the embodiments of FIGS. 58 to 74, the movement devices for placing and operating
the snare 10 are included within a shuttle 580 that is movably displaced along the outer tube 270.
This shuttle 580 is able to be shorter and lighter than the shuttle 280. To keep the shuttle 580
rotationally aligned in one orientation about the outer tube 270, the shuttle 580 and the outer tube
270 contain an alignment structure that can take many forms. One possible form is a tongue-
and-groove in which one of the shuttle 580 and the outer tube 270 has the groove and the other
has a tongue. A further alignment device can attach a secondary tube or rod 570 to the bottom of
the outer tube 270 and form a rail upon which a corresponding longitudinal orifice in the shuttle
580 slidably resides. In such a configuration, as shown in FIG. 58, the cross-section of the outer
tube 270 and the rail 570 takes the shape of an “8”. As above, the rail 570 can have a different

diameter than the diameter of the outer tube 270, for example, it can be smaller. It is noted here



10

15

20

25

30

WO 2015/074040 PCT/US2014/066122

33

that all of the features of the handle 100 need not be illustrated here and, therefore, the handle
100 is omitted.

The shuttle 580 depicted in FIGS. 58 to 74 provides a snare extension to slide
movement length in a ratio that is greater than 1:1 and, at the same time, reduces the longitudinal
length and weight of the shuttle 580. These features are provided by removing the longitudinal
tube fixed to the snare-movement slide and replacing it with a rack-and-pinion snare-movement
assembly having the snare wrapped around a snare discharge spool. In this shuttle 580 for the
multiple-firing crimp devices herein, the crimp carriage 20 and the crimps 30 along with their
respective movement sub-assemblies can be similar or identical to the previous embodiments
described and shown. Thus, where identical structures are present, the same reference numerals
will be used herein. Different structures, in contrast, will have numbers with a prefix of five
hundred.

FIGS. 58 and 59, respectively, depict the shuttle translating from a retracted position
against the handle 100 to an extended position where the snare-extension tube 512 drops into the
slot 272 of the outer tube 270. FIGS. 60 to 62 illustrate the shuttle 580 in a state where the
snare-extension tube 512 has not reached the slot 272 and, therefore, still remains against the
outer surface of the outer tube 270. In comparison, FIGS. 63 to 65 illustrate the shuttle 580 in a
state where the snare-extension tube 512 has dropped into the slot 272 and is ready to extend the
snare within the outer tube 270 through the crimp 30’ (which is not illustrated here). All of the
steps for aligning the snare-extension tube 512 are the same as above and, therefore, the details
of which are not repeated here.

The body 581 defines an interior snare spool cavity 582 in which a snare spool 583 and
a pinion 584 rotatably reside. The snare spool 583 is rotationally fixed to the pinion 584 so that
rotation of the pinion 584 results in a corresponding rotation of the snare spool 583. The snare
spool 583 is illustrated in cross-section in FIG. 63. The body 581 also defines an interior rack
cavity 585 in which a rack 586 resides for longitudinal movement within the rack cavity 585. A
distal end of the rack 586 is fixed to the snare-extender slide 292, for example, it is pinned
thereto at point 587. The snare 10, which is not illustrated in FIGS. 59 to 68 for purposes of
clarity, has a proximal end that is pinned to the snare spool 583. In an exemplary embodiment of
the snare spool 583 in FIG. 63, the snare spool 583 has a radial bore extending radially inwards

from a spool outer contact surface. The distal end of the snare 10 is positioned inside the bore



10

15

20

25

30

WO 2015/074040 PCT/US2014/066122

34

and is fixed there, for example, with a set screw or pin. The snare 10 is then wound around the
snare spool 583 (e.g., counterclockwise with respect to FIG. 63) on the spool contact surface and
is threaded into the snare-extension tube 512. The spool sides are raised to have a diameter
greater than a diameter of the spool contact surface to keep the snare 10 from sliding off the
snare spool 583 laterally.

With such a configuration, as the snare-extender slide 292 is moved distally by the user,
the rack 586 moves distally as well, thereby rotating the pinion 584 and the snare spool 583.
Because the diameter of the pinion 584 is smaller than the diameter of the snare spool 583, the
pinion 584 acts as a speed increasing gear to enable a larger movement of the snare spool 583
and, thereby, a length of the snare 10 that is wound about the snare spool 583. In particular, the
overall length of the snare 10 is set to position the tip 14 just outside the distal end of the snare-
extension tube 512 when the snare-extender slide 292 and the rack 586 are in their proximal-
most, unactuated position (as shown in FIG. 63). This tip 14 position is shown, for example, in
FIG. 57. As the rack 586 moves distally, the snare spool 583 unwinds the snare 10 (e.g., in a
counterclockwise direction with regard to FIG. 63) and extends the snare 10 out from the distal
end of the snare-extension tube 512. FIGS. 66 to 69 show the snare-extender slide 292 (and,
therefore, the rack 585) extended distally to the fullest extent to, thereby, move the non-
illustrated snare 10 out from the distal face of the shuttle 580. With the gearing shown, an
approximately one inch (1) movement of the rack 586 causes approximately two and one-half
inches (2.5”) of snare 10 extension out from the distal end. Thus, the overall length of the shuttle
580 can be reduced significantly.

As indicated above, it is desirable to prevent the shuttle body 581 from movement when
the shuttle 580 is in a position where the snare 10 is to be moved. Various retaining features can
be provided. One example of this retaining feature is a body interlock 590. In this example, the
body interlock 590 is a leaf spring with an extension 593 that rides along the bottom surface of
the guide rod 570 as the shuttle 580 moves and, when the shuttle 580 is in a position where snare
10 movement is permitted, a port 592 in the guide rod 590 is located to catch the extension 593
of the body interlock 590 therein and substantially prevent longitudinal movement of the shuttle
580 on the outer tube 270. Once the leaf spring of the body interlock 590 is allowed to move
into the port 592, the free end 591 of the body interlock 590 moves out of the way of the

extender slide 292, allowing the extender slide 292 to move distally. It is noted that the wrap-
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around extender slide 292 embodiment of FIGS. 58, 59, 66, and 70 to 74 entirely wraps around
the shuttle body 581. In this configuration, the free end 591, is able to positively engage the
extender slide 292 and prevent movement. In contrast, the exemplary embodiment of the short
extender slide 292 in FIGS. 60 to 65 and 67 to 69 does not wrap around to the bottom surface of
the shuttle body 581. Thus, the configuration of the body interlock 590 would not engage the
short extender slide 292. For the short extender slide 292 in FIGS. 60 to 65 and 67 to 69, the
body interlock 590 would be positioned behind the shaft 270, 570 in the figures and, therefore,
would not be visible in these figures. Accordingly, the body interlock 590 is left at the lower
surface of the shuttle body 581 for purposes of clarity only.

Once the extender slide 292 has moved any distance distally, it forcibly holds the leaf
spring of the body interlock 590 in the port 592 thereby locking the shuttle 580 into the shuttle’s
distal-most position. When the extender slide 292 is returned to its proximal position (e.g., FIG.
60), the body interlock 590 remains engaged in the port 592. As the body interlock 590 is a leaf
spring with ramps on either side of the extension 593, a sufficient force by the user to move the
shuttle 580 proximally, overcomes the interlock and slides the extension 593 out from the port
592. In action, the body interlock 590 acts as a removable detent that provides sufficient force to
retain the shuttle 580 in position when snare functions occur but that is insufficient to prevent
retraction movement of the shuttle 580 by a force imposed by the user.

When the devices described herein are used in surgery, the location where the snare 10
is to capture cords 2 (e.g., sutures), is typically within a surgical site. Even though there is light
from the surgical environment, many obstacles present shadows where the snare 10 is located
during use. The color and size of the snare 10 also can make it difficult for a surgeon to see the
snare 10 within the background of the surgical site. To alleviate this issue, the shuttle body 581
is provided with a distal headlight assembly 550. One or both of the sides of the shuttle body
581 is hollowed out and provided with a cover 551 to contain parts of the headlight assembly
550, as shown in FIGS. 70 to 74. The cover 551 is made transparent in FIG. 71 to show
thereunder a power supply 552 (in the form of one or more coin cells) and a headlamp switch
553, which is, in this exemplary embodiment, a micro-switch having the switch on a proximal
side thereof with the body of the micro-switch positioned flush with an end-of-travel surface 710
of the shuttle body 581 for the snare-extender slide 292 and with the switch plunger projecting

distally from the end-of-travel surface 710. In such a configuration, when the snare-extender
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slide 292 reaches a point where the snare 10 is extended for snaring one or more cords (as shown
in FIG. 74), the switch automatically depresses, thereby turning on the headlamp 554, which can
take the form of one or more LEDs, for example. In this configuration, the headlamp 554
remains on until the snare-extender slide 292 is retracted proximally, in which case the snare 10
is within the shuttle 580 and has captured the one or more cords 2.

The shuttle body 581 is not limited to the shapes shown hereinabove. There are other
configurations in which various characteristics are maximized or minimized. FIGS. 75, 75A,
and 75B illustrate an exemplary embodiment of a shuttle body that allows the snare-extender
tube to be relatively straight and positions the snare’s exit from the snare spool from above the
snare spool instead of below. FIGS. 76, 76A, and 76B illustrate an exemplary embodiment of a
shuttle body configuration that removes some of the body material to lighten the shuttle and
places the snare-extender slide only on the bottom half of the shuttle. A headlight assembly is
also provided. The exemplary configuration in FIGS. 77, 77A, and 77B removes even more
material from the shuttle body to further lighten the shuttle. The exemplary configuration of the
left half of the shuttle body in FIGS. 78, 78A, and 78B is similar to the shuttle body embodiment
of FIGS. 58 to 74 and shows differences in configuration, size, and material from the other
shuttle bodies.

An exemplary embodiment of a handle 100 for the multiple-firing crimp device is
illustrated in FIGS. 79 and 80, in FIG. 80, the carriage movement assembly is transparent to
illustrate the structures therein. Within the handle 100 are various movement assemblies. Some
of the movement assemblies are manual and some are automatic. As set forth herein, any of the
automatic movement assemblies shown and described can be manual and any of the manual
movement assemblies shown and described can be automatic. In this handle embodiment, the
movement assemblies include a system control assembly 800, a carriage movement assembly
810, a carriage rotation assembly 820, a crimping assembly 840, a cutting assembly 860, and a
display assembly 880.

The system control assembly 800 includes all circuitry sufficient to power and control
all electronics on the multiple-firing crimp device. The system control assembly 800 is
electrically connected to a power supply 802, which can be, for example, a pack of batteries,
such as one or more CR2 or CR123 batteries. The power supply 802 can be powered by any

electricity delivery measures including a supply mains.
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The carriage movement assembly 810 includes a carriage conveyor 812 with a
transparent cover that is best shown in FIG. 80. Also included in the carriage movement
assembly 810 is a carriage motor 8§14 fixed to the handle 100 and rotating a conveyor spindle
816 that, when rotated, either moves the carriage conveyor 812 proximally or distally with
respect to the handle body 102. The carriage conveyor 812 has a rotation sub-assembly 820 that,
at its distal end, includes a coupler 8§24 that is rotationally and longitudinally fixed to the crimp
carriage 20. As such, when the carriage conveyor spindle 816 rotates and causes the conveyor
812 to move proximally or distally, the crimp carriage 20 moves correspondingly with the
coupler 824. In this regard, the carriage motor 814 is the device that positions the crimp(s) 30
towards and away from the crimp orifice 42 as well as positions the crimp 30’ within the crimp
orifice 42. Two non-illustrated limit switches are present in the carriage movement assembly
810 to define the extension and retraction limits of carriage conveyor 812 and, thereby, the crimp
carriage 20.

The carriage rotation assembly 820 is part of the carriage movement assembly 810 and
resides inside the carriage conveyor 812. The carriage rotation assembly 820 comprises a
carriage rotation motor 822 and the coupler 824, which is rotationally fixed to the output of the
carriage rotation motor 822. As such, when the carriage rotation motor 822 rotates, the crimp
carriage 20 rotates to shuttle the crimps 30 and to withdraw from the crimp 30’ within the crimp
orifice 42. Electrical signals/power are supplied to the carriage rotation assembly 820 through a
movable wiring harness 818 that is electrically connected to the main circuit board of the system
control assembly 800.

The crimping assembly 840 includes a crimping motor 842 fixed to the handle body
102 and rotationally connected a crimping pinion 844. The teeth of the crimping pinion 844
mesh with teeth of a flying gear 846. The flying gear 846 has a central bore with an interior
thread corresponding to an exterior thread of a crimping clutch 848. Movement and
functionality of the crimping clutch 848 is described with regard to FIGS. 81 to 84. In particular,
there are two states in which the outer tube 70, 270, 570 is to be moved. The first is slightly
forward so that the hammer 54 is gently pressed against the crimp 30’ to hold it within the crimp
orifice 42 and to not deform the crimp 30’ and the second is forward to have the hammer 54
actively deform and fully crush the crimp 30°. To provide the first function of gently pressing

the crimp 30°, a clutch bias 850 (in the exemplary form of a spring) is disposed between a distal
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end of the crimping clutch 848 and a point on the outer tube 70, 270 a distance away from the
distal end of the crimping clutch 848. This point is defined by a clutch stop 852 that has a
proximal vertical surface 854 intended to contact the distal vertical surface of the crimping clutch
848 and prevent it, after such contact, from moving independent of the outer tube 70, 270. The
clutch stop 852 can be simply a radial extension from the outer surface of the outer tube 70, 270,
such as an integral collar, which is not adjustable, or it can be an adjustable clutch stop 852, 8§54,
856 that is formed on or is integral with the outer tube 70, 270 and has, for example, exterior
threads 852 and a nut 854 threaded thereon as shown in FIGS. 81 to 84. With the clutch bias 850
disposed between the distal vertical surface of the crimping clutch 848 and the proximal vertical
surface of the nut 856, the crimping clutch 848 is able to move asymmetrically with respect to
the outer tube 70, 270 as it compresses the clutch bias 8§50. In this regard, with the clutch stop
852 disposed just distal of the distal end of the crimping clutch 848 to define a clutch distance
therebetween and the clutch bias 850 therearound this intermediate portion, as the crimping
clutch 848 starts to move distally (as shown in the transition from FIG. 81 to FIG. §2), the clutch
bias 850 starts to compress and only moves the outer tube 70, 270 with a force that is
proportional to the clutch bias 850. This force is set to be lower than the point at which the
hammer 54 actually compresses the crimp 30°. In FIG. 82, for example, the crimping clutch 848
moves distally slightly (as compared to FIG. 81), compresses the clutch bias 850 and, thereby,
moves the outer tube 70, 270, 570 distally but only with the force that compressed the spring. In
the transition from FIG. 82 to FIG. 83, the crimping clutch 848 closed the distance and contacted
the proximal vertical surface of the clutch stop 852. Because the spring of the clutch bias 850
has a coefficient less than a force able to compress the crimp 30°, the spring is compressed
without further movement of the outer tube 70, 270, 570 in this transition. However, after the
crimping clutch 848 contacts the proximal vertical surface of the clutch stop 852, any further
movement of the crimping clutch 848 corresponds to a 1:1 movement of the outer tube 70, 270,
570 and, thereby, causes movement of the outer tube 70, 270, 570 and crimping of the crimp 30’
A limit switch 858 is present adjacent the crimping clutch 848 to determine when the
crimping clutch 848 has reached it furthest distance from the flying gear 8§46 and indicates to the
system control assembly 800 that the crimping motor 842 should be stopped and prevent further
turning of the flying gear 846. Also, to prevent the crimping clutch 848 from rotating with
respect to the handle body 102, a keying assembly 859 is provided. This keying assembly can
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take the form of a pin and slotted block, a tongue-and-groove, or any similar rotation-preventing
device.

As is indicated, the crimping assembly 840 is automated with the various motors and
gears. The crimping process is started by depressing a non-illustrated trigger button disposed in
a button orifice 857 of the handle 100. When this button is pressed, crimping of the crimp 30’
occurs. The crimping assembly 840 holds the crimp 30° down and waits to reset the next crimp
30" until there is confirmation that the cords 2 have been cut, at which time a new crimp 30’ is
transitioned to the crimp orifice 42. Associated with the cutting assembly 860 is a non-illustrated
limit switch that indicates a position at which the cutting blade is known to be or past a point
where the cords 2 could be or the cutting blade pushrod is known to be or past the cutting tip of a
fixed blade. When this limit switch is triggered, the crimping assembly 840 retracts to the crimp-
ready position. An exemplary embodiment of an end effector portion of the cutting assembly
860 having a moving pushrod and a fixed blade is explained below with regard to FIGS. 85 to
91.

Exemplary embodiments of a handle portion of the cutting assembly 860 are shown in
FIGS. 81 to 84. With particular reference to FIG. 84, the handle portion of the cutting assembly
includes a lever 862 with a kidney-shaped slot having, at a distal surface thereof, teeth 8§64 that
are each disposed on a fixed radius from a pivot point 866 of the lever 862. Centrally fixed but
rotatably disposed with respect to handle body 102 is a gear assembly 868 having a smaller gear
interfacing with the teeth 864 and a larger gear interfacing with a rack 870. In this configuration
with the smaller and larger gears of the gear assembly 868, closing the lever 862 onto the
handgrip 104 of the handle 100 causes a distance-multiplied linear translation of the rack §70.
The rack 870 is fixedly connected to the cutter push rod 64, thereby effecting a distal
displacement of the cutter push rod 64 when the lever 862 is closed.

An alternative embodiment to the rotating cutter described above is a linear cutter
shown in FIGS. 85 to 91. FIGS. 85, 86, and 90 illustrate an end effector of a multiple-firing
crimp device with a fixed blade 8§90 and a blade pushrod 892 in a fully retracted position and
with the crimping assembly 840 in a non-crimping state, in other words, the outer tube 70, 270 is
retracted. FIG. 87 shows the crimping assembly 840 in a crimped state with the outer tube 70,
270 extended to crimp the crimp 30’. FIG. 88 shows the blade pushrod 892 in a partially
actuated state before cutting occurs. It is noted from the right side of FIG. 88 that the blade
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pushrod 892 is a tube that rides inside the outer tube 70, 270. To insure that the cords 2 are
pressed against the fixed blade 890, the slot in which the cords 2 extend out the side of the outer
tube 70, 270 narrows at a distal end 893 and terminates at the tip of the blade §90. FIGS. 89 and
91 show the blade pushrod 982 in a fully actuated state after cutting has occurred. (Due to
limitations of the graphics software, the inwardly compressed hammer 54 in FIG. 91 is shown
within the crimp 30°.)

The display assembly 880 is connected to the system control assembly 800 and, in this
exemplary embodiment, is shown as an LED, which can be, for example, an RGB LED that can
produce light in various colors, each distinct color (or even a flashing pattern) is able to indicate
a particular function or status. The display assembly 880, in an alternative embodiment, can be
an LCD or LED or OLED display panel that can produce any colors, text, video, or pictures
indicating status or any other characteristic of the multiple-firing crimp device.

FIG. 92 shows a flow chart of a process for completing a crimping procedure with a
multiple-firing crimp device described herein. In order to initialize the device, the outer tube and
the crimp carriage are retracted. It is assumed that the crimps come preloaded on the crimp
carriage before it is passed to a user. Of course, there can be a pre-initialization requirement that
has the user load the crimp carriages with the crimps. Once initialized, the first crimp (the distal-
most one) is advanced to the crimp loading orifice. The first crimp is secured at the crimp
loading orifice by advancing the outer tube to gently press the hammer against the first crimp and
hold it in the orifice. The crimp carriage is then rotated out from the first crimp (e.g., by a
predefined number of turns) and further rotated to put the second crimp into a first crimp position
at the distal end of the crimp carriage. The crimp carriage is moved proximally away from the
end effector sufficiently far to prevent any interference with the crimping procedure into an idle
position. The second crimp alignment can be before, during, or after movement of the crimp
carriage. As one crimp is no longer on the crimp carriage, the system can decrement a counter to
keep track of the number of remaining crimps. At this point, the device is ready to use.

The user then carries out the manual steps of extending the snare, capturing the cord(s)
within the snare, retracting the snare back to hold the cord(s), and then lifting the cord lifter or
moving the shuttle proximally to present the end of the cord(s) outside the shaft of the device.
The user grasps the exposed free end(s) of the cord(s) and pull it/them taut. The end effector is

then moved distally along the cord(s) to the place where the user desires to set the crimp. For
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example, where the cord is a surgical suture, the crimp is desired at the surgical site with no
length of the suture between the crimp and the tissue. In such a case, the user will move the end
effector up against the tissue to make the crimp ready to be fixed.

The automatic crimping can now occur. The user presses the crimp-start button (for
example) and the outer tube is advanced to the distal position where the hammer crushes the
crimp. The tube is held there in place distally until the cutting assembly is actuated to cut the
free ends of the cord/suture at the proximal side of the fixed crimp. When the system indicates
that the cutting has completed (e.g., when the cutting stroke is sufficient to insure that cords have
been cut), the cutting assembly retracts to its idle position and the outer tube also retracts to its
idle position, during which the now-crimped first crimp is released from the end effector. Now,
the device is in its state for the next crimping process to begin, which starts with advancing the
crimp conveyor to load the next crimp.

The shape of the crimp shown in FIGS. 32 to 35 is not the only possible shape for a
system that can deliver multiple crimps with a single delivery device. Another exemplary
configuration provides a mechanical clip 900 that is shown in FIGS. 93 to 101. This clip 900 has
a rotator housing 910, a rotator cover 920, and a central rotator 930. The rotator housing 910 and
the rotator cover 920 are fixed together with the central rotator 930 rotatably disposed
therebetween. The central rotator 930 is able to rotate from an open position shown in FIG. 93,
through a cord-captured position shown in FIG. 94, and then to a cord-secured position shown in
FIGS. 95 and 96. The difference between the cord-captured and the cord-secured positions is
that the cord is captured in the position of FIG. 94. However, the clip 900 could slide along the
captured cord. By rotating the central rotator 930 further to the position shown in FIGS. 95 and
96, the cord becomes trapped between the central rotator 930 and the rotator housing 910 within
an interface, shown in the exploded view of FIG. 97. This interface is comprised of a housing
lateral surface 912 and an opposing lateral surface 932 of the central rotator 930 that is not
visible in FIG. 97 but is shown in FIG. 98. The lateral surface 932 contains a groove 934 that, in
the exemplary embodiment, starts from a greater depth and ends at a shallow depth.
Accordingly, when the central rotator 930 rotates from the cord-captured position to the cord-
secured position, the cord is forced between the wall of the groove 934 and the housing lateral
surface 912 to lock the clip 930 and the cord(s) trapped therein together. FIGS. 100 and 101

show the clip 930 in its assembled state with the central rotator 930 in the open position.
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The central rotator 930 also has ratchet grooves 936, two of which are shown in this
exemplary embodiment. These ratchet grooves 936 are shaped to mate with a ratchet bar 914 on
the rotator housing 910 such that, as the central rotator 930 rotates (counter-clockwise in FIGS.
93 to 94) from the open position to the cord-captured position, the ratchet groove 936 and ratchet
bar 914 prevent rotation in the opposite direction, making the clip 930 a one-direction assembly.
For a final locking position, the mouth 938 of the central rotator 930 has a final locking surface
939 that connects with the distal end of the ratchet bar 914 as shown in FIG. 95. In this position,
the central rotator 930 is locked and is crushing the cord(s) within the groove 934.

FIGS. 102 to 109 illustrate how one of a set of multiple clips 930 can be installed, one-
at-a-time, on various cords over a cord-securing procedure. FIG. 102 shows the clip-delivery
system 950 with a clip 900 at a distal clip-installation position aligned with a cord raceway 952.
In this state, a cord to be secured is guided through the V-shape of the clip 900 in its open
position and around the two turns 954, 956 to a final installed position exiting out from the end
of the raceway as indicated by the dashed line. FIG. 103 shows the interior of the clip-delivery
system 950 with the exterior shaft transparent. As can be seen here, there are two clips 900
movably installed on clip carrier shafts 960. These carrier shafts 960 allow a set of any number
of clips 900 to be used in a given procedure. FIG. 104 shows that the clip 900 has been locked
into the cord-captured position by a corresponding rotation of a locking shaft 970. With further
rotation of the locking shaft 970, as shown in FIG. 105, the clip 900 is placed in the cord-secured
position. Rotation of the carrier shafts 960 forces the clip 900 off the distal end thereof to remain
at the location where it is intended to be secured on the cord(s), thus freeing up the distal
installation portion of the clip-delivery system 950 for the next clip 900, which is adjacent the
installation portion in FIG. 107. FIGS. 108 and 109 show how the locking shaft 970 is formed at
the distal end so that only the clip in the installation portion of the clip-delivery system 950 has
its central rotator 930 moved when the locking shaft 970 rotates even though many more clips
900 can be located about the locking shaft 970 proximal of the installation portion.

FIGS. 110 to 125 illustrate various configurations of clips 1000, 1100, 1200 that can be
loaded with cord(s) from a side thereof instead of through a bore as in the crimp 30. A first
exemplary embodiment of a side-loaded clip 1000 illustrated in FIGS. 110 to 116 includes an
external shell 1010 and an internal rotator lock 1020. The shell 1010 has an inwardly extending
boss 1012 that rides on a groove 1022 of the rotator lock 1020 when the rotator lock 1020 is
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rotated. FIG. 110 illustrates the rotator lock 1020 in an unlocked position where the boss 1012 is
at the deepest portion of the groove 1022. FIG. 111 illustrates the rotator lock 1020 in a
intermediate partially locked position where the boss 1012 is at a shallower portion of the groove
1022. FIG. 112 illustrates the rotator lock 1020 in a locked position where the boss 1012 is
within a lock cavity 1024 just after the shallowest portion of the groove 1022. As shown in FIG.
113 the lower portion of the shell 1010 has a lower boss 1014 and the lower portion of the rotator
lock 1020 has a lower groove 1022.

Locking of the clip 1000 to a cord(s) is illustrated with reference to FIGS. 114 to 116.
The lower portion of the shell 1010 has cord grooves 1014, 1016. In this embodiment, the cord
grooves 1014, 1016 are opposite one another. Similarly, the lower portion of the rotator lock
1020 has a cord cavity 1026 that, when aligned with the cord grooves 1014, 1016, form a
channel from one side of the shell 1010 to the other. The cord grooves 1014, 1016 and the cord
cavity 1026 are deep enough to allow cords 2 to be inserted therein and, preferably, deep enough
to not exit any part of the channel when locked therein. FIG. 114 shows the shell 1010 and the
rotator lock 1020 in the open/loading position. In this state, the cords can be stretched and
guided into the channel all the way to the bottom of the channel. Locking of the clip 100 to the
cords 2 occurs by rotating the rotator lock 1020. FIG. 115 shows the rotator lock 1020 in an
intermediate, partially locked state. FIG. 116 shows the rotator lock 1020 in its locked state,
which, here, is almost a 180-degree rotation. If desired, the outer cylindrical surface of the
rotator lock 1020, which cannot be seen in these figures, can have a circumferential groove to
prevent the cords 2 from exiting the pinched state between the interior of the shell 1010 and the
exterior of the rotator lock 1020. The surfaces between the shell 1010 and the rotator lock 1020
can be knurled or have other features to increase friction and prevent the cords 2 from exiting the
locked clip 1000 without destroying or unlocking the clip 1000.

FIGS. 117 to 120 illustrate another exemplary embodiment of a laterally loaded clip
1100 for securing cords 2 therein. The clip 1100 has a main body 1110 and an insert 1120. The
main body 1110 has a longitudinal channel 1112 shaped to receive cords 2 therein. At various
longitudinal distances along the channel 1112, the body 1110 has sets of opposing protrusions
1114 that provide pinching points to hold the cords 2 therein. The insert 1120 also has a channel
1122 and sets of opposing protrusions 1124. The insert 1120 is shaped, as a puzzle piece, to be
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inserted into the body 1110 between the protrusion sets and lock the cords 2 therebetween in a
press fit, as shown in the views of FIGS. 119 and 120.

FIGS. 121 to 125 illustrate another exemplary embodiment of a laterally loaded clip
1200 for securing cords 2 therein. The clip 1200 has a two-part body 1210, 1220 and a securing
ring 1230. The two parts 1210, 1220 of the body are connected by a hinge 1212, 1222 that
allows the two parts to open and close like a shell. One body part 1210 has at least one
protrusion 1214 and the other part 1220 has at least one corresponding groove 1224 into which
the protrusion 1214 can rest and crimp a cord(s) 2 therebetween when the clam-shell of the two
parts 1210, 1220 are hinged closed. Here, one protrusion and one corresponding groove is
shown but there can be more than one. The protrusion 1212 provides a pinching point to hold
the cords 2 therein. One of the parts, here the first part 1210, has a groove or channel 1214
shaped to conform at least partly to the cords 2 that are to be clamped between the two parts
1210, 1220. FIG. 122 shows the two parts 1210, 1220 in a cord-loading position. The cords 2,
as shown in FIG. 123, are loaded in between the parts 1210, 1220 and the parts 1210, 1220 are
closed upon the cords 2. As can be seen in FIGS. 122 and 123, the parts 1210, 1220 also provide
portions of an exterior circumferential groove 1216, 1226. Together, this circumferential groove
1216, 1226 provides the locking mechanism for the securing ring 1230. The parts 1210, 1220
have ends at which there is a narrowing for receiving the securing ring 1230 thereon. When
placed over the narrowing, as shown in FIG. 124, the parts 1210, 1220 no longer can separate
from one another. To lock the cords 2 between the two parts 1210, 1220, as shown in the view
of FIG. 125, the securing ring 1230 is pressed over the narrowing until the securing ring 1230
rests in the groove 1216, 1226. As can be seen by the separation distance of a split 1232 in the
securing ring 1230, the groove 1216, 1226 in the locking state is slightly larger than the interior
circumference of the securing ring 1230. As such, the securing ring 1230 provides a strong bias
to retain and fix the two parts 1210, 1220 together.

One of the primary features of a laterally loaded clip is that such cord loading
eliminates the needs to feed the cord(s) through a structure, such as a tube. In the tubular crimp
structures, the cord(s) is fed through the bore. With a laterally loaded clip, the cord(s) needs only

to be laid against the side.
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When any motors are described herein, they also include, where desirable, any gearing
or transmissions that are necessary to reduce the motor turns rate to effect the function of that
motor. These transmissions are not described herein in further detail.

It is noted that various individual features of the inventive processes and systems may
be described only in one exemplary embodiment herein. The particular choice for description
herein with regard to a single exemplary embodiment is not to be taken as a limitation that the
particular feature is only applicable to the embodiment in which it is described. All features
described herein are equally applicable to, additive, or interchangeable with any or all of the
other exemplary embodiments described herein and in any combination or grouping or
arrangement. In particular, use of a single reference numeral herein to illustrate, define, or
describe a particular feature does not mean that the feature cannot be associated or equated to
another feature in another drawing figure or description. Further, where two or more reference
numerals are used in the figures or in the drawings, this should not be construed as being limited
to only those embodiments or features, they are equally applicable to similar features or not a
reference numeral is used or another reference numeral is omitted.

The foregoing description and accompanying drawings illustrate the principles,
exemplary embodiments, and modes of operation of the devices and methods. However, the
devices and methods should not be construed as being limited to the particular embodiments
discussed above. Additional variations of the embodiments discussed above will be appreciated
by those skilled in the art and the above-described embodiments should be regarded as
illustrative rather than restrictive. Accordingly, it should be appreciated that variations to those
embodiments can be made by those skilled in the art without departing from the scope thereof as

defined by the following claims.
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Claims

1. A multiple-firing crimp device, comprising:

a plurality of crimps each having an internal hollow;

a hollow shaft:

having:

a distal crimping location;

an exterior surface; and

an interior in which is stacked the plurality of crimps to define a first crimp, the

crimps moving therein along a longitudinal axis; and

defining a lateral opening proximal to the crimping location and communicating between

the interior and the environment outside the exterior surface;
a crimp movement assembly within the interior of the shaft and delivering the first crimp to the
distal crimping location by moving the first crimp longitudinally from a first proximal position
into the distal crimping location and returning to a second proximal position without the first

crimp; and

a snare that pulls at least one cord from distal of the first crimp through the first crimp and

through a portion of the shaft and out the side of the shaft through the lateral opening.

2. The crimp device according to claim 1, which further comprises a snare movement assembly:

having the snare, the snare shaped:
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to pass through the internal hollow of the first crimp;

to pass out of the interior of the shaft distally past the distal crimping location; and

to secure the at least one cord temporarily;

moving the snare:

to pull a portion of the at least one cord secured in the snare proximally through the first

crimp; and

to present at least some of the portion of the at least one cord out through the opening for

access by a user.

3. The crimp device according to claim 1, which further comprises:

a crimping assembly having a crimp control device that, when actuated, crimps the first crimp

within the distal crimping location; and

a cutting assembly having a cutting control device that, when actuated, cuts the portion of the at

least one cord adjacent the first crimp.

4. The device according to claim 1, wherein the at least one cord is a surgical suture.

5. The device according to claim 2, wherein:

the portion of the at least one cord secured in the snare is two free ends of a surgical suture, the

end opposing the two free ends being a loop of the surgical suture secured in a surgical site;
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the portion of the at least one cord secured in the snare and being pulled proximally through the
first crimp is the two free ends such that, at a given time, four lengths of the surgical suture are

being pulled through the first crimp; and

the at least some of the portion of the at least one cord pulled out through the opening for access

by a user is the two free ends of the surgical suture.

6. The device according to claim 1, wherein the first crimp is a distal-most one of the crimps.

7. The device according to claim 1, wherein the internal hollow is one of:

a lumen; and

a slot.

8. The device according to claim 1, wherein the crimps are crimp sleeves having a hollow

through bore, at least a portion of the bore being internally threaded.

9. The device according to claim 1, wherein the first proximal position is different from the

second proximal position.

10. The device according to claim 1, wherein the first proximal position is the same as the

second proximal position.

11. The device according to claim 1, wherein, when the crimp movement assembly returns to
the second proximal position, the lateral opening is exposed to the environment outside the

exterior surface.

12. The device according to claim 1, wherein, while or after the crimp movement assembly is in

the process of returning to the second proximal position without the first crimp, the crimp
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movement assembly moves a previously second of the crimps into a crimp loading position to

become a new first crimp.

13. The device according to claim 1, wherein:

the shaft has a distal cam driver; and

the crimp movement assembly comprises an exterior-threaded carriage:

movably disposed inside the shaft along the longitudinal axis towards and away from the

distal cam driver; and

having a carriage distal end at which is disposed the first crimp.
14. The device according to claim 13, wherein each of the crimps has an interior thread and is
threaded on the exterior threads of the carriage at a spacing from one another such that rotation
of the carriage in a direction selectively carries a distal-most one of the crimps off the carriage
distal end.
15. The device according to claim 14, which further comprises:
a hammer movably disposed inside the shaft adjacent the distal cam driver and having a cam
follower operatively connected to the distal cam driver to move the hammer towards and away

from the longitudinal axis of the shaft when the shaft is moved along the longitudinal axis;

an anvil at least partially disposed inside the shaft adjacent the distal cam driver and opposite the

hammer; and

wherein the distal crimping location is between the hammer and the anvil.
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16. The device according to claim 15, wherein the snare is shaped to extend through the interior

of the carriage and pass through the internal hollow of the first crimp.

17. The crimp device according to claim 1, wherein the first crimp has a proximal end and

which further comprises a user-movable snare movement assembly having:

the snare;

a hollow snare guide in which is disposed the snare, the snare guide being disposed external to
the shaft and, when moved distally, moving through the lateral opening and up to the proximal

end of the first crimp; and

a snare extension device moving the snare distally through the snare guide, through the first
crimp, and past the distal crimping location of the shaft to secure the at least one cord
temporarily and pull at least a portion of the at least one cord through the first crimp and out the

lateral opening.

18. The crimp device according to claim 1, wherein the first crimp has a proximal end and

which further comprises movable snare movement assembly having:

a cord lifter within the shaft, adjacent the snare, and shaped to lift at least one of the snare and

the at least one cord; and

a snare extension device moving the snare distally along the cord lifter, through the first crimp,
and past the distal crimping location of the shaft to secure the at least one cord temporarily and
pull at least a portion of the at least one cord through the first crimp and past the cord lifter, the
cord lifter, when actuated, presenting at least some of the portion of the at least one cord out the

lateral opening for access by a user..

19. The crimp device according to claim 15, which further comprises a cutting assembly having:
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a cutter within the shaft extending parallel to the longitudinal axis and shaped to cut the at least

one cord adjacent the first crimp; and

a cutter control device connecting the cutter to the shaft to have the cutter move and cut the at

least one cord adjacent the first crimp when the shaft is at a distal position with respect to one of

the hammer and the anvil.

20. A multiple-firing crimp device, comprising:

a plurality of crimps each having an internal hollow;

a hollow shaft:

having:

a distal crimping location;

an exterior surface; and

an interior in which is stacked the plurality of crimps to define a first crimp, the

crimps moving therein along a longitudinal axis; and

defining a lateral opening proximal to the crimping location and communicating between

the interior and the environment outside the exterior surface;

a crimp movement assembly within the interior of the shaft and delivering the first crimp to the
distal crimping location by moving the first crimp longitudinally from a first proximal position
into the distal crimping location and returning to a second proximal position without the first

crimp;
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a snare that pulls at least one cord from distal of the first crimp through the first crimp and

through a portion of the shaft and out the side of the shaft through the lateral opening; and

a snare movement assembly:

having the snare, the snare being shaped:

to pass through the internal hollow of the first crimp;

10 to pass out of the interior of the shaft distally past the distal crimping location;

and

to secure the at least one cord temporarily; and

15 moving the snare:

to pull a portion of the at least one cord secured in the snare proximally through

the first crimp; and

20 to present at least some of the portion of the at least one cord out through the

opening for access by a user.



