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-
SUTURE CLIPS, DELIVERY DEVICES AND METHODS

Field of the Invention
The disclosed invantion relates ganerally o devices used © secure sutures,

More particularly, the invention refates te suture ¢lips and suture ¢lip delivery devices
used in conjunction with sewng devices used in flexible endoscopy; though it is also
applicable fo devices used in rigid endoscopy.

Backgroung of the nvention
It is estimated that as many as 15,000,000 individuals in the United States

suffer frant stomach acid reflux into the lower escphagesl region, commanly referred
to &5 GERD (gestroesophageal reflux diserder). Altheugh the illness may result from
a wide vatiety of causes, it is ultimately the failure of the cardiac sphincter located
above the stomach that enables a reflux event fo occur. A surgical method developed
to reduce reflux episcdes involves forming tissue fokis in the walls of the stemach to
reduce the cross-sectional area of the gastroesophageal juncture to mimic the
function of the cardiac sphincter. To perform thess types of procedures, sewing
davices used to suiure the stomacht wall into folds are used. The procedure typically
invplves a fiber oplic endoscope introduced into the lower esophageal area. A sewing
instrument is advanced dawn the werking channel of the endoscape that has an
aspiration port for generating negative pressure to sustion stomach wall tissue into the
sewing instrument whare one or more suiures are implanted 1o hold the suctioned
tissue in a folged condition known as a plication.

Sewing devices for this procedure are described in, for xample, GB-A-
2165550 and U.5. Pat. No. 5,080,863 According to these references, a sewing
daevice is used for passing a thread thraugh a Eissue fold. The sewing device
comprises a hollow needle movable betwaen a first pre-tissus penetration position
and a second position in whish it passes through the fissue, with a thread carrier

adapied to be attached to the thread and being receivable within the hollew needle.

JP 2004-500206 A 2004.1.8
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Preferably, the sewing device comprises a body that defines a cavity within
which the substrate portion can be held, for example, by means of suction. The
hellow needle is mouniad for movement in the body between the first and second
positions. In some versions of the procedure, a sutura is inserted into the tissue with
a needls, the two ends of which are fed back out of the patisnt. Typically, a physician
fashioned a series of half hitches to secure the suture to the subject fissue.

In other embodiments of the procedure, a tag attached o a distal and of the
auture and contained within a lumen of the needls is Mserted into and past the tissus.
With the needle in an advanced paositiorn, i.e., with the needle distal tip extending
distally beyond tha pierced tissue, a pusher forces the tag out of the needle. After
retraction of the needls from the tissue, the suture Is retracted so that the tag contacts
the tissue. The tag functions as an anchor that enzbles the suture to be secured to
the tissue from the proximal end and also disperses the force applied te the tissue by
the suture to prevent tearing of the fissue.  Such a davice and procedure is described
in U.S. Patent Mo. 5,080,663 fo Mills et al,, the contents of which are incorporated
hergin by reference.

One of the significant probleims associated with these procedures is the time
and number of intubations needed to perform the varfous pracedures endoscopically.
Due to a number of concerns, a patient is typically anesthetized for ne more than
approximately 40 minutes. In this period of time, procadures such as the GERD
procedure must be performed {o completion. In the GERD procedure, saveral
intubations are performed to create several plications. As many as ning intubations
are required to creake just one glication. This is the case when half hitches are used
to secure the suture. Each haif hitch requires the hitch to be made outside the
endoscope and then advanced down the endoscope with a pusher. Typically, six half
hitches are used per suture thus six intubalions are needed to secure the half hitches.
The tima needed for each intubation substantially reduces the working time to
complete a GERD procedure.

One approach to solving this problem is disclosed in U.S. Patent No. 5,584,881
to Swain. The Swain patent discleses a suture clip and suture clip delivery device that
is used in place of half hitch knots. The disclosed suture dlip is a cylinder with a plug
that carn ba reloasably secured in the cylinder. The disclosed suture clip delivery

device includes a tube, the distal end of which has a recess for receiving the suture

JP 2004-500206 A 2004.1.8
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dlip. An axially movable stirrup is provided af the distal end that has the capacity to be
moved from a first position that secures the suture clip to the tube and 2 second
pesition that allows fer the suture clip to be removed from the recess.

An aperture is provided in the cylinder to receive the suture. The gylinder is
advanced over the suture that exits from a proximal end of the gylinder and enters the
tube. An aperturs in a sidewall of the tube provides egress for the suture. The plug is
then advanced down the tube and into the cylinder. The interfacing walls of the
cylinder and plug capture the suture. A pusher is used te foree the plug inta the
cylinder while the stirrup maintains the suture clip in the recess. Foliowing plug
nsertion. the stirrup, which is offset from the center axis of the fube, is advanced
distally from the distal end of the tubs to release the suture dlip from the fube,

Although the Swain davice solves tha problem of multiple half hitches, the
averall desigh of the device has certain drawbacks. First, to successfully join the
cylinder to the plug te form the suture clip, the stirrup must be physically maintained in
a retracted position while an opposing force is applied with a pusher ta the plug.
Second, the presence of the stirrup inevitably prevents tne tube and therefare, the
suture clip from being placed tight against the sutured tissue. This opens the
possibility for slack to develop betwean the clip and the tissus, which can potentially
lzad to a relaxaticon of the desired tissue fald.

Suture anchors or clips and the means to deliver and secure them are quite
commen in the madical industry as they play a significant role in simplifying the
tedious task of securing tissue previously accomplished by tying knots on sutures.
Quite commen are metallic twist tie, staples and various forms of plastic or metallic
permanent or temporary mechanical means to prevent the suture fram slipping
through the tissue. As a result of thelr function, the clips are typleally designed to be
large to overcome the stresses expected of them. Disclosed are several single and
multi-componant suture clips as well as g variaty of relatively simple compact suture
clip delivery devices that can be inserted into a natural body onfice or through the
working channel of an endoscope to cinch a suture clip inte the desired position in
close proximily to or against the plication.

Itis to be appraciated that the suture clips and suture clip dalivery devices
digclosed herein have a potentially wide range of applications ihcluding, but not limited
to, the attachment of devices, e.g., pH monitor to {he gastraintestinal wall, the closure
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of perforations or ulcers and the creation of anastemoses. Anather useful application
involves the use of radiopague clips as fluersscopic markers.

It is an object of the invention to provide a vatiety of suture clip designs that
effectively disburse the forces applied to sufured tissue o prevent tearing. Itis a
further object of the invention fo provide a suture clip delivery device that eliminates
the naed to manually apply opposing farces to construct a suture clip. Another object
of the invention is {o provide a suture clip delivery device thaf enables the user to
place the clip tight against the sutured tissue to eliminate or at least minimize any
slack development in the suture. A further object is to provide a sulire-severing
device that severs suture ends proximal to the suture clip. A still further object is to
reduce the number of steps needed to assembls and cinch a suture clip and sever the
excess suture makerial. These and other abjects of the invention will become

apparent from a reading of the following sections.

Summary of the Invention
Cne of the suture clip delivery and locking systems described hereln includes a

toel designed to be attachad to the distal end of an endascops or catheter amang
other possibilities. The toel has a body from which finger-like segments project
distally. The finger-like projections are made of a matertal that allows the finger-like
projections to flex or spring from a first closed posifion to a second open position and
back to the first position. The fingsr-fike projections define a chamber within which a
suture clip s premounted or introduced by being advanced through the endoscope or
catheter. The chamber is defined axially at a distal end by tangs extending radially
inwardly from the distal ends of the finger-like projections and at a proximal end by
proximal tangs or cam follawars that extend radially inwardly from inner walls of the
finger-like prejections. A pusher, adapted to slide within the toal's body, is provided
having a head that is adapted to mate with the cam follower to move the finger-like
projections to the second open position when the pusher is advanced distally in and
through the endoscape or oatheter.

The suture ¢lips describad herein are designed to allow the suture {o interwind
through the clips in such 2 mannrer that the clips move with minimal friction while in an
open position. Ih a closed pusition, fhe clip capiures the suture, by the incizased
friction. The suture passes proximally through the chamber between the pusher head
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and mating fang and then outward through a lumen in the chamber and continues
proximatly outside the endoscope er catheter to the proximal end of the enfire system.
The user may thread a suturs through a clip and then load the dlip inte the tasling.
The clip may, In certain designs, already be premounted and then require the final
advance by the physician to the site. At the site the physician activates the handle to
apply a foree to the clip, thereby locking it to the sufure. The application of force first
secures the clip and captures the suture material within the matlng surfaces, and then
expels the clip from the tool to remain within the patient.

Suture clips disclosed herein include friction fit embodiments where the
campanents of the clips capture the suture with friction, alignakle finger embodiments
that involve unaligned rails with apertures formed in each rail that provide a fortucus
path for sufure sngagement that captures the suture and cylinder embodiments
including locking cap embodiments, locking inner rod embodiments, inner wedge
embodiments, spposing eyelets sinbediments and wrapped cylinder embadiments
that capture the suture with a mating semicircuiar sleeve.

The present Invention pertains to improvements to an endoscopic suturing
device such as that disclosed in 11.S. patent nos. 5,782,153 and 5,080,663, the
contents of which are incorparated by refarence herein in their entirety. The improved
suturing device and methods of the presant application can be used to suture tissua
intemally via an endoscape for a wide varisty of purposes such as: attaching a feading
tube to small intesting; clasing intestinal opanings in the case of a fistula, repairing
esophageal tears and suturing tissue sites of localized bleeding. However, the
invantion is especially useful in the endoscepic suturing procedures to treat
gastroesophageal refiex disease (GERD).

Another embadiment of the sufure delivering, locking and severing systems
described haerein includes a mulli-coaxial catheter with a three or four finger callet jaw
affixed at a distal and. The catheter has a distal end from which the collact fingars
distally project. The collet fingers are made of a material such as stainless steel or an
engineating grade of plastic that allow the collat fingers to flex or spring from a pre-
biased first open position to a second closed position and back to the first posiion.
Alternatively, the collet fingers can be designed to flex or spring from a pre-biased first
closed position to a second open pesition and back to the first position. The collet
fingers define a cage within which a suture ¢l assernbly is premounted. The cages is
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defined proximalty by a distal end of the coliet body and distally by flanges extending
radiaily inwardly from the distal ends of the collet fingers. The case is sized so that &
plurality of suture clip plugs can be preloaded into the cage along with a single sutura
dip ring. By biasing the collet fingers in an open position, the need far cam surfaces
and cam followers is eliminated.

in one embediment, a single pushar. adapted to slide within the catheter hady,
is provided to engage loaded suture clip components and to disengage an auter
sliding sleeve that is used to radialty constrain the collet fingers inte a closed posifion.
in another emboediment, & separate controf surface provided coaxially about the colle
cage is employad 1o slide the outer sliding sleeve relative to the collet cage and the
pusher.

Witht any of the embadiments, the outer sfiding sieeve is provided fo secure the
collet fingers in a clesed position when placed in a distally advanced position. The
outer sliding sleeve performs the additional function of severing the suture at a point
proximal to the suiure clip after engagement of the sulure upon proximal retraction.
One or mere sutures slot are provided In the distal end of the outer shiding sleeve to
pravide suture exits. A distal end of the suture slots are sharpened to sever the
suture. Upaon groximal retraction of the outer sliding sleeve, the distal end of suture
slot engages the suture and severs it when the distal end of ihe suture slot travels
proximally to the proximal end of the collet fingers. Optionally, a fixed metatic ring
can be affixed to the suter surfacs of the collet at a peint proximal to the collet fingers
and inside ihe outer sliding sleeve. The metallic ring is formed with a sharp distal tip
that engages and savers ths suture when the outer sliding slesve is proximally
retracted. The design enahles the suture clip to be ciched in close proximity to the
sutured tissue as well as allow for the severing of the suture talls and release of the
suture fram the delivery device in one step.

The suture clips designed for use with the referenced suture cilp delivery
systems are comprised of a plug and a ring that are configured to allow a suture to
interwind through the ciip in such a manner that the clip companents move with
mirimal friction while in an open position. The plug is a headless design tbat has
features that allow for a pasitive lock with the ring. Channels are provided in the plug
{o provide access ways for the sultne ta fessen the effart needed to thread the suture
into the plug. The locking features of the plug are compressible 5o that when in a
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locked state, the suture is capturad via a combination of fiictional engagement and the
locking sufaces The plugs have features built into their proximal and distal ends to
allow stacking of the plugs to enhancs alignment for the delivery of axial forces to set
the plugs in rings. Additionally, a diverter for channeling the suture into axial slots
formed in the phug is provided i ane smbodiment to exdend distally of the distal and of
ths ring, when assembled with the plug, to interrogate the tissue and cause fibrosis.
The fibrosis causes the tissue to become more bulky which is though to enhance the
therapeutic effect of this technique.

In anather embedirment, e plug and ring are formed with inter-lecking ribs or
scales that enhance the advanceiment of the plug into the ring and prevent
disangagemant. The ribs are fashioned to allow one-way movement of the suture
through the suture clip.

Cnee threaded into the ring and plug, the suture is passed through finger slots
formed between adjacent callet fingers and out the suture slet of the outer sliding
sleeve. This enables the suture tails to be channeled externally of the catheter for
removal at the proximal end of the catheter outside the patient after the tails have
been severed at a point proximal to the now assembled sulure clip. The catheter
operator may thread a suture through a clip and then lead the clip inte the tooling or
thread the suture through a premounted dlip. At the site tha physiclan activates the
handle to apply a force to the clip, thereby locking it to the suture. The application of
force would first secure the clip components capturing the suture mateial within the
maling surfaces, and then sxpel the clip from the taol to remain within the patient.

Suture clips disclosed herein include combination friction fit and positive locking
embadiments where the components of the clips capture the suture with friction and
lock the suture in place with infer-locking surfaces. [t is to be appraciated that a wide
variety of suture ciip configurations ¢an be formed from the basic ring/plug
configuration that employs a friction fit/positive lock securing means.

A yet further suture locking and severing system described herein includes, in
one general embodiment, a mufti-coaxial catheter, and in a second general
embodiment, a sysiem dimensianed for use In the working channel of an endoscops,
Each general embodiment has a fwo, three or four finger collat Jaw affixed at a distal
end. The collet Jaw has a collet body from which the collet fingers distally project.

The collet fingers are made of a material such as stainless steal er high modulus
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plastics that allow the collet fingers fo flex or spring from a first closed position to a
second open posifion and back to the first position. Alternatively, the collst fingera can
be designed to flax or spring fram a first open gosition to a second closed position and
back to the first position. This is accomplished by providing a radiai bias in either the
open or closed position. The collet fingers define a cage within which a suture clip
assembly iz premounted. The cage is defined proximally by a distal end of the collst
body ar by ramps formed on the inside walls of the coliet fingers distal to the collat
body and distally by flanges extending radially inwardly from the distal ends of the
callet fingers. A further spatial restriction is provided toward the proximal end of the
cage by the ramps that extend radially inwardly from the inner walls of the callet
fingers and that additionally function as cams to open the collst fingers.

In ane embodiment, a single pusher, adapled to slide within the catheter body,
is provided to engage loaded suture clip components. In this embodiment, the collet
fingers are biased In an apen position. In another embadiment, a two-pusher system
is employed that Wtilizes an inner pusher to sacuwre a plug o a ring that together
comprise the suture clip. A second pusher provided coaxdally about, and in sliding
angagemant with, ths inner pushar has a tapsred distal and that interacts with the
proximal ramps when advanced distally to cause the coliet fingers to move from a
closed posilion to an open paosition.

With any of the single or double pusher embodiments, an cuter sliding sieave
can be provided to secure the collet fingers in a closed position when placed ina
distally advanced position. The outer sliding slesve performs the additional function of
severing the suture at a peint proximal to the suture clip after engagement of the
suture. A suture slot is provided in the distal end of the outer sliding sleave to provide
a suture exit, Upen proximal retraction of the outer sliding slesve, the distal ang of the
suture slof engages the suture and severs it when the distal end of the suture slot
travels proximal to the proximal end of the collet fingers. Optionaily, a fixed metallic
ting can be affixed to the outer surface of the collet at a point proximal fo the collet
fingers and inside the outer sliding sleeve. The metallic ring is formed with a sharp
distal {ip that engages and severs the suture when the outer sliding sleeve is
proximally retracted. The design enables the suturs ¢lip to be cinched in close
proxdimity fe the sufured tissus as well as allow for the severing of the suture talls and
release of the suture from the delivery device in one step.
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In yet a further embadiment, a head of the plug portion of the suture clip can be
chamfered 1o engage the aforementionad ramps or ramps formed on the inner
surfaces of the distal ands of the collst fingevs to open the collet segments when a
single pusher s distally advanced. This allows for the engagement of the plug and
ring and release of the joined pug and ring in one step. The tdimensions of the suturs:
clip and collet segments ara optimized to &llow for full engagament of the plug and
ring prior to clip release from the defivery device.

The sufure clips designed far use with the suturs Slip delivery system are
comprised of a plug and a ring that are configured 1o allow a suture to inter-wind
through the clip in such a manner that the clips move with minimal friction while in an
open positien. In a clesed position, the clip captures the suture by frictional
engagement. Once threaded into the ring and plug, the suturg s passed through
finger slats formed between adjacent collzt fingers and out the suture slat of the cuter
sliding slesve. This enables the suture tails fo be channsled sxternally of the catheter
for removal at the proximal end of the catheter outside the patient after the tails have
been severeg at & peint proximal o the now a3sembled suture clip. The catheter
operator may thread a suture through a clip and then inad the clip into the tooling or
thread the suiure through a premounted clip. After posifioning the delivery system at
the sutured tissue site, the device operator activates the handle to apply a force to the
clip, therehy locking it to the suture. The appiication of force first secures the clip
cemponants ihus capturing the suture material within the mating surfaces, and sacond
axpals the ¢lip from the delivery system tool to remain within the patient.

Suture glips disclosed herein include friction fit embodimants where the
components of the dlips capture the suture with friction. 1t is ta be appreciated that &
wide variety of suiure clip configurations can be formed from the basie ring/plug
configuration that employs a friction fit securing means. Of course, the ring and plug
components of the clip can be pravided with interlocking features far enhancing the
sulure capturing effect.

In a sfill further embodiment, & suture ¢lip delivery device having pivoting collst
fingers is disclosed. The collet fingers rotate about 5 pin secured to a collet cage
body. A pusher, sulure elip component or other component radially restrains the
pivoting collet fingers from piveting radially outwardly at a distal end when proximal to
a cinched position. Another embodiment emplays a ring sscursd about the caliet
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cage bady. A distai edge of the ring provides a pivot point and eliminates the need ©
secure the piveiing collet fingers to the collet cage with pins.

Alse disclossd is a suture ciip Joader used to deliver the sulure clip components
inta the collef cage. The suture clip loader has two main components, a main body
through which a hypotube is secured and a plunger comprising a piunger head and a
plundger rad. The plunger rod is dimensioned to slide freely within the hypotube, A
suturs olip ring Is placed aver a first end of the hypotube that Is situated within a cavity
formed in the loader main body. The distal and of a suture clip plug is losgely fit within
the lumen of the first end for delivery into a calist cage. A coflet cage with the collet
fingers in an open position is advanced over the plug, hypotube and ring,
Advancement of the plunger into the hypotube fom a second hypotube end causes
disengagement of the suture clip plug into the collet cage. The collet cage fingers are
then moved info a closed position by advancing the outer sliding sleeve so as to grasp
the suture clip ring that is retained in the collect cage when the collet cage is removed
from the hypotube

Brief Description of the Drawings
FIG. 1 is & side partial cutaway sectional view of an endoscope with an attached

sutwre clip delivery/locking device and suture ¢lip in a first position according to one
embaediment of the invention,

FIG. 1a is a perspective view of a suture clip deliveryflocking devica and suture cfip in
a first position according to another embediment of the invention.

FI%5. 1b is & perspective view of a suture olip delivery/locking device and suture dlip in
an intermediate position according to another embodiment of the invention,

FIG. 1c1s a perspective view of 2 suture clip delivery/locking device and suture ¢lip in
an advanced intermediate position according to another embodimant of the invention.
FIG. 1d is a perspective view of a suture clip delivaryleclking device and suture clig in
an second epen position according to another embodiment of the invention.

FIz. 22 s a side elevational view of a catheter with an aftached suture clip delivery
device and suture clip according to one embodiment of the invention.

FIG. 2i Is a perspective view of a suture clip delivery/locking device and suture clip
components in a pre-cinched state according to one embodiment of the invention.
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FIG. 2¢ 15 a partial sectional view of a suture ¢clfp deliverylocking device and suture
clip compensnts in a pre-cinched stats accarding to one embadimant of the inventian.
FIG. 2d is a partial sectional view of a suture clip delivery/locking device and suture
clip companents in a partially cinched state according tv one embodiment of the
irvention.
FIG. 2e is a partial sectional view of a suture clip delivery/locking device and suture
clip companents in a cinched, delivered state according to one embediment of the
invertion.
FIG. 3d is a partial sectional view of a suture clip deliveryflocking device and suture
clip components in & pre-cinched state according to ohe embaodiment of the invention.
FIG. 3 is & side partial cutaway view of an endoscope with an attached sufure clip
delivery/locking device and sutute ¢lip in a second position according to one
embodiment of the invention,
FIG. 4 s a perspective view of a sufure clip delivery/locking device and suture clip
according to one embodiment of the invention.
Fi3. 4a is & perspective view of a suture lip deliverylocking device and suture clip
according to one embediment of the invention.
FIG. § is 2 side elevatioral viéw of a plication with a suture clip atfachad {o a suture
according to one embodiment of the invention,
FIG. § is a perspective view of a suture clip assembly in an open position according to
one embodiment of the invention.
FIG. 7 iz a perspective view of & suture clip assembly in a closed position according to
ane embadiment of the invention.
FIG. 8is & perspective view of a suture clip assembly in an open positian according fo
anether embodimant of the Invention.
FIG. 8a is a fragmented side view of & suture ¢lip assembly according to one
embediment of the invention.
FIG. 3 is & perspective view of a suture clip assembly in a partially clesed position
according to a further embodiment of the inventicn.
FIG. 10 i5 a perspectiva view of a suiure ofip agsembly in a partialiy closed position
accoraing to one embodinent of he invention.
FIG. 11 is & side elevational view of a suture clip assembly in an open position
according to another embodiment of the invention,
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FIG. 12 is a side elevational view of a suture clip assembly in a closed position
acsording to one embodiment af the invention.
FIG. 13 is @ top view of a suture ¢lip assembly according to one embodiment of the
inventlon.
FIG. 14 is a perspective view of a suture clip assembly accarding to a further
embodiment of the invention.
FIG. 15 iz & side elevational view of & suture clip assembly in a closed position
according to a further embodiment of the invention.
FIG. 16 iz a side elevational view of a suture clip assembly in a parfially closed
posifion according to another emhodiment of the invention.
FIG. 17 is & side slevalional view of a suture ¢lip assembly in a closed position
according to another embodiment of the fivention.
FIG. 18 is & perspective view of a suture clip assembly in a closed initial position
acecording to another embodiment of the invention.
FIG. 12 [s an end elevational view of a suture oiip assembly in 2 closed initial position
according [o one embodiment of the Invention.
FIG. 26 is an end elevational view of a suture ciip assertbly in a closed initial position
aceording 1o a further embodiment of the invention.
FIG. 27 is an end slevational view of a suture ¢lip assembly in a closed initial position
according to one embodiment of the invention.
FIG. 22 is an end elevational view of a suture clip assembly in a closad initial position
according ta one embodiment of the invention,
FIG. 23 is a side elevational view of a suture clip assembly in an open position
according to one embodiment of the invention.
FIG. 24 is an end view of a suture cfip assambly and outer tube according to ans
embadiment of the invention.
FIG. 25 is an end elevational view of a sufure clip assembly according te ane
ambodiment of the invention.
FIG. 25 Is an end slevaiional view of a suture clip assembly according to anather
embadiment of the invention.
FIG. 27 is an end slevational view of a suture clip assembly according to a further
embodiment of the invention.
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FIG. 28 is a side elevational view of a suture clip assembly acsording to a yet further
embodiment of the inveniion.
FIG. 29 s an end elevational view of a sulure clip assembly and cuter tube according
1o one efnbodiment of the invention.
FIG. 30 is = side elevational view of suture clip assembly and cuter tube according ta
another embodiment of the invention.
FIG. 31 iz a side elevational view of a suture clip asseimbly and outer tube according
1o a further embodimant of the imvention.
FIG. 22 is a side elevational view of a suture clip assembly and outer tube according
to a yet further embodiment of the invention.
FIG. 33 s a parspactive view of a suture clip assembly and outer tubre according o
ona embodiment of the invantion.
FIG. 34 is a perspective view of a suiure clip assembly and outer tube according to
ane embodiment of the invention.
FIG. 35 is a side elevational view of a suiure cfip delivery tube and suture clip
accorging to one smbodiment of the invention,
FIG. 36 (s a perspeclive view of a dalivery tube with mounted suture clip before
delivery of the suture clip to the desired site according to ane embadiment of the
imvention.
FIG. 37 is a perspective view of a defivery tube with mounted suture clip during

. delivery of the suture olip according to one embodiment of the invention.

FIG. 28 is a perspeciive view of a delivery tube baing retracted from a suture clip
delivery sife according to one embodiment of the inventicn.

FIG. 39 is a perspective view of a suture clip comprising a oylindsr and cylinder cap
arcording to one embodimant of the invention.

FIG. 4Q is 2 sestional view of a partially engaged cylinderieylinder cap suture elip
assembly according to one embodiment of the nvention.

FIG. 41 is a sectional view of an engaged cvlinder/cylinder cap sufure clip assembly
according to gne embodiment of the invention.

FIG. 42 is & perspectiva view of an unassambled cylinderfcylinder cap suture clip
assembly accarding to one embodiment of the Invention.

FIG. 43 s a porspective view of an assembled eylinder caploylinder suture cfip
assembly according to eha embadiment of the invention.
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FIG. 44 is 2 side sactional view of 3 cylinder cap/cylinder sutire clip assembly
preloaded in a delivery device aceording o one embodiment of the invention.
FIG. 45. is a front sectional view of a cylinder caprcylinder suture clip assembly
prefoaded in a delivery device according to cne embodiment of the inventian,
FIG. 46 is a perspective view of an unassembled cylinderfocking red suture clip
assembiy according to another embodiment of the invention.
FIG. 47 is a perspective view of an assenthied cylinderlocking rod suture clip
assemnbly according to ancther embodiment of the invention.
FIG, 48 is a perspective view of an unassembled slotted cylinderilacking rod suture
chip assembly accerding fo a further embodiment of the invention
FiG. 49 is a perspective view of an assembled slotted cylinder/locking rod suture clip
assembly according to a further embodiment of the invention.
FIG. 50 is & perspective view of an unassembled eyelet-bearing cylinderflocking rod
suturs clip assembly acsording to a still further embodiment of the Ivention,
FIG. a1 is a perspactive view of an assembied eyelet-bearlng cylinder/locking rod
suture clip assembly accurding to a still further embodiment of the invention.
FIG. 52 Is a perspective view of an unassembled dual cylinder suture clip assembly
according 1o a yet further embodiment of the invention.
FIG. 53 is a perspective view of an assembled dual cylinder suture clip assembiy
accarding o a yet further embadimant of the invention.
FIG 54 is a perspactive view of an assembled dual eylinder sufure clip assembly
cinched to a plication according to a yet further embodiment of the invention.
FIG 85is a parspective view of an unassembled dual cylinder suture clip assembly
having sidewall aperiures aceording to yet ancther emboediment of the inveniion.
FIG. 56 is a perspeciive view of a partially assembled dual cylinder suture clip
assembly having sidewall apertures according to yet another embodiment of the
invention.
FIG. 57 is & perspective view of an assembled dual cylinder suture clip assembly
having sidewall apertures according to yet ancther embodiment of the invention,
FIG. 58 is a front parspective view of a single cylinder suture ciip assembiy with
sidewall apertures according to still ansther embadiment of the invention.
FIG. 58 ie a side perspective view ¢f a single cylinder sufure alip assemply with
sidewall apertures according to sfill another embodiment of the invantion,
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FIG. 60 is a perspective view of a partially assembled dual cylinder suture clip
assembly having a locking jaw acoording to a furtirer embodiment of the invention,
FIG. 81 is a parspectiva view of an gssembled duai eylinder suture clip assambly
having a lecking jaw according to a further embodiment of the invention.
FIG. 62 is a side elevational view of a cylinder sutura clip assambly component having
a Incking jaw according to a further embodiment of the invention,
FIG. €3 is a perspective view of a cylindar suture clip assembly compenent having a
locking jaw accarding to a further embodimant of the invention.
FIG5, 84 is a perspective view of an unlocked three tab suture clip according ta & stil
further embadiment of the inventior.
FIG. 65 is a perspective view of a locked three tab suture clip according 1o 2 stil
further embodiment of the invention.
FIG. 86 is a perspective view of a cylinder suturz clip having a rotatable flap according
ta a yet further embodiment of the invention.
FIG. 67 is 5 partizl sectional, parspective view of an unassembled cylinderiholiow rod
suture clip assembly with the cylinder having a rotatable flap acsording to a yet further
embodiment of the invention.
FIG. 68 is a sectional view of an assembled cylindermaliow rod suture clip assembly
with the cylinder having a secured rotatable flap according to a vet further
ambodiment of the invention,
FIG. 6% is a side sectional view of an unassembied sphere-shaped wedge/cylinder
suture clip assembly according to another embodiment of the invention.
FIG. 70 is a side sactional view of an assernbled sphere-shaped wedgefcylinder
suture clip assembly according 1o anctirer embodiment of the invention.
FIG. 71 is a side sectional view of a conical wedgeicylinder suture clip assembly
according to yet another embodiment of the invention.
FIG. 72 is & side sectfenal view of an assembled bulbous plug/eylindar suture clip
assembly according to & further embadiment of the invention.
FIG. 73 is a side sectional view of an assemidled sphere-shaped plugf/cylinder suture
clip assembly with the cylinder having an annular inner channel accarding to a still
further embadiment of the invention.
FIG. 74 is a perspective view of an unassembled wedge/eone suture olip assembly
acsording to another embediment of the invention.
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FIG. 75 is a sectional view of an assembled wedge/cone suture clip assembly
according to anather embaodiment of the invention.
Fi3. 76 is a side seclional view of an unassembled tapersd wedgelcyiinder suture clip
assembly according to yet another embadiment of the invention.
FIG. 77 is a side sectional vievw of an assembled tapered wedge/cylinder suture clip
assembly according to yet anothsr embodiment of the invention.
FIG. 78 is a perspeciive view of an assembled tapered wedgefcylinder suture clip
assembly with a slot in the cylinder accerding to a further embediment of the
invention.
FIG. 79 is a side sectional view of ah unassembled domed, flanged plug/eylinder
suture clip assembly according to a still further embodiment of the invention.
FIG. 80 is a sfde sactional view of an assembled domed, flangad plug/cylinger sufure
clip assemnbly according to a still further embadiment of the invention.
FIG. 81 is a perspective view of a cylinder component with a slot according 1o a further
embodiment of the invention.
FIG. 82 is a perspective view of a tapered wedgs/eylinder suture clip assermbly with a
slot In the side of the cylinder according to a further embodiment of the invention.
FIG. 83 is a parspective view of an assembied tapsred rod/eylinder suture ofip
assembly accarding to a furiher embodiment of the invention.
FIG. 84 is a side seciienal view of a taperad wedga/eylinder suture clip assembly in a
dslivery devics according to a further embotiment of the invention.
FI%5. 85 is a perspactive view of an unassembled rod/half-sleeve suture clip assermbly
according to another embodiment of the invention.
FIG. 86 is 2 perspective view of a partially assembled rod/half-sleeve suture clip
assembly accorging fo anather embodiment of the invention.
FiGa. 87 is a frant view of an unassembled rod/hali-sleeve suture clip assembly
accarding to another embediment of the invention.
FIG. 83 is a perspective view of an unlocked joined rad/half-sleeve suture dip
assembly according te another embodiment of the invention.
FIG. B9 is a perspestive view of a [ocked joined rod/half-sieeve suture elip assembly
according to ancther embodiment of the invention.
FiG3. 90 is a sids secfional view of an unlockad rod/half-sleeve suiure clip assembly in
a delivery device according to another embaodiment of the invention.
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FIG. 91 is a perspective view of 2 partially locked joined red/half-sleeve suture clip
assembly according fo another embediment of the invention.
FIG. 92 is a front perspective view of a partially locked joined rod/half-sleeve suture
clip assembly accorging to another embodiment of the invention.
FIG. 93 is a perspective view of a partially locked joined rod/half-slesve suture clip
assembly with the half-slegve baving a suture aperture acoording ta a further
embodiment ef the invention.
FlG5. 94 is a side elevational view of a lacked jeined rod/half-sieeve suture dlip
assembly with the haif-slegve having a suture aperture acoording to a further
embodiment of the invention.
FIG. 95 is a front view of a locked joined rodiaif-sleeve suture clip assembly with the
haif-sleeve having a sufure aperture according to a further embodiment of the
invention
FIG. 96 is a perspective view of an unassembled rod/half-sleeve suture ¢lip assembly
with the half-sleeve having a suture aperture according fo a yet further embodiment of
the inventicn.
FIG. 97 is an end visw of an unassembled red/half-sleeve suture clip assembly
according to a yet further embodiment of the invention.
FIG. 88 is an end view of a parially assembled rod/half-slaeve suture clip assembly
according to a yei further embediment of the invention.
FIG. 98 is an end view of &n assembled and cinched rod/half-sleeve suture clip
assembly according to a yet further embodimant of the inventicn,
FIG. 100 is an end viaw of an assembled rod/half-sleeve suture clip assembly
accarding io a vet further embodiment of the invention.
FIG. 101 is a front view of a joined rodthaif-sleeve suture clip assembly according to a
yet further embodiment of the invention.
FIG. 102 Is a perspective view of an unassembled rod/ctamping jaw siture clip
assembly according to a still further embodiment of the invention.
FiG. 103 Is a side sectional view of an assembled mesh pluglrigid ring suture clip
assembly according 1o one embodiment of the invention.
FIG. 104 is a side sectienal view of a mesh plug delivery catheter with a mash plug
pesitioned within adjacent to a rigid ring and an expanded mesh plug according fo one
embadiment of the invention
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FIG. 105 is a side sectional view of a mesh plug suture clip component according to
one embodiment of the invention.
FIG. 108 is a side sectional view of an undaployed mesh plug of mesh plugirigid ring
suture clip assembly with the mesh plug positioned in a delivery catheter positioned
within a suture clip delivery device.
FIG. 107 is a side seclional view of an undeployed mesh piug of a mesn plug/rigid ring
sufure clip assembly with the mesh plug positioned in a delivery catheter pasitioned
within the ring.
FIG, 108 is a side seciianal view of a partially deployed mesh plug of a mesh
pluglrigid ring suture clip assembly positioned in & delivery device including & mesh
delivery catheter with pusher according to another embodiment of the invention.
FiG. 109 is a side sectional view of an assembled mesh plugfrigid ring suture clip
assembly according to anather embodiment of the inventiosn,
FI5. 110 is a side sectional view of an assembled ribbon pluglvigid ring suture clis
assembly according to a yet another embodiment of the invention.
FIG. 111 Is & side view of a ribbon plug suture clip companent according to a yet
another embodimant of the invention.
FIG. 112 is a side sectional view of a partially assembled ribbon plug/rigid ring suture
clip assembly according to @ yet another embedimant of the invention.
FIG. 113 is a side sectional view of an assembled mesh plughigid ring suture clip
assambly according to a yet ancther embodiment of the invention.
FIG. 114 is a sitle secticnal view of an assembled channeled plug/ribbon ring suture
clip assembly according to & further embodiment of the invention.
FIG. 115 i5 a side view of a riblon ring suture clip component according to a Turther
embodiment of the invention.
FiG. 116 is a side view of a ribbon ring suture clip compenent in a relaxed reduced
dismeter state according to a further embiodiment of the invention.
FI5. 117 is a side view of a ribbon ring suture clip companant in a stretched state
according to a further embadiment of the invention.
FIG. 118 s a side elevational view af a channated plug suture clip component
ascording to a further embodiment of the invention.
FIG. 119 is a side elevational view of an assembled channeled plug/iban ring suturs
clip assembily according to a further embodiment of the invention,
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FIG. 120 s a side view of an assembled barbell plug/mesh ring suture clip assembly
according to a et further embodiment of the invention.

FIG. 1217 is a partial cutaway side perspactive view of a single pushar suture clip
delivering, locking and severing cathater distal end with a pre-mounted suture olig ring
and three stacked suture clip plugs according to one embogiment of the invention.
FIG. 122 is a side perspective view of a single pusher suture clip delivering, locking
and severing catheter distal end according to one embadimant of the invention.

FIG. 123 is a fragmentary pariial seclional side perspective view of a single suture clip
delivaring, locking and severing cathetsr distal end with a single suture clip plug and
without a loaded  suture clip ring accerding ko one embodimant of the invention.

FIG. 124 is a partiai sectional side perspective view of a single pusher suture clip
locking and severing catheter distal end with an assembled suture clip and two
stacked suture clip plugs according another embodiment of the invention.

FiG. 125 is fragmentary side perspective view of & single pusher suture clip [acking
and severing catheter distal end showing a pusher and sliding sleeve lecking feaiures
according to one embaodiment of the invention.

FIG. 126 is a side sectional view of a single pusher suture clip deliveting, locking and
severing catheter with a sliding sleeve finger pull according to one embodiment of the
invention.

FIf3. 127 is a side perspective view of a suture clip plug according to one embadiment
of the inventicn.

FIG. 128 is a bottorm perspective view of a sufure clip plug according to one
ampodiment of the invantion.

FIG. 128 is a side sectional perspestive view of a sulure ¢lit plug according to one
embodiment of the invention.

FIG. 130 is a side perspective view of a suture cfip assembled to a sufure according to
aone embodiment of the invention.

FIG. 131 is 2 side sectional view of a suture clip assembly with rib formatians
accarding to one embodiment of tha invention.

FIG. 132 Is a parspective view of a collet tage assembly accarding to another
embodiment of the invention.

FIG. 133 is a side sectional view of a collet cage assembly according ta another
embogiment of the invention.
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FIG. 134 is & partia! cutaway side perspective view of a double pusher suture clip
locking and severing cathater distal snd with a pre-meunted suture cfip assembiy
according to one embodiment of the invention,
FiG. 135 is a partial sectional front perspective view of a double pusher stture clip
locking and savering cathater distal end with a pre-mounted suture clip assembly
aceording to one embodiment of the invention.
FiG. 136 is a partial sectional top perspective view of a double pusher suture clip
locking and severing catheter distal end with an cuter sliding sleeve partially retractsd
according to one embodiment of the (nvention.
FIG. 137 s a partial sectional front parspective view of a double pusher suture clip
locking ans severing catheter distal end according ancther embodiment of the
invention. ’
FiG. 138 s back perspective view of a double pusher suture ¢lip Yocking and severing
catheter distal end and partisl hypotube bady according to one embediment of the
invention,
FIG. 138 is a side parspeciive view of a double pusher suture diip locking and
severing catheter according to one emboediment of the invention.
FIG. 140 is a partial cutaway side perspeciive view of 2 double pusher suture clip
Iscking and severing catheter distal end with loaded and threaded suture dlip
cornponents agcording to ong embediment of the invention,
FIG. 141 is a side sectional view of a deuble pusher suture clip locking and severing
catheter distai end with pre-jcaded suture clip compeonents according 1o one
amhbodiment of the invention.
FIG. 142 is & side sectional view of a dauble pusher suture clip locking and severing
catheter distal end with an inner pusher in an advanced position and a suture clipina
cinched condition according o one embodiment of the inventian.
FIG. 143 is a sige sectional view of a double pusher suture clip locking and severing
catheter distal end with an outer sliding slesve in a partially retracted position
according te one embadimant of the invention.
FIG. 144 is a side sectional view of a double pusher suture ¢lip lacking and severing
cathater distal end with an outer sliding sieeve it a fully retracied position according to
che embadiment of the Inventioh.
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FIG. 145 is a side secfional view of a deuble pusher suture clip focking and severing
catheter digtal end with an cuter pusher in an advanced pasition engaging and
opening collet fingers according to one embodiment of the invention.
FIG. 146 is a side sectional view of a double pusher suture clip locking and severing
catheter distal end with a suture clip being released from a collet cage according to
one emhodiment of the invention.
FIG. 147 is an side sectional view of a single pusher suture clip lecking and severing
catheter distal end loaded with a suture clip plug and suture ¢lip ring aceording fo
anothar embodiment of the invention.
FIG. 148 is a side sectional view of a single pusier suture chip locking and severing
catheter distal end loaded with a convex head suture clip plug and suoture clip ring
according to one embodiment of the invention.
FIG. 149. is a top perspective view of an assembled suture lack plug and suture lock
ring according to another embadiment of the invention.
FIG. 150 7s a sectional view of an assembled suture lock plug and suturs lock ring
according to & further embodiment of the invention.
FIG. 151 Ie an end view of an assembled suture Jock plug and suture lock ring
aceording to & further embadiment of the invention.
Fli5. 152 is a parspective view of an unassembled suture lock plug and sufure lock
ring gceording to a further embodiment of the invention.
FI5. 183 is a perspective view cf a suture lock plug according to a yet further
embodiment of the invention.
FI3. 184 is a side sechional view of a sutura clip Ieading device according to ons
embodiment of the invention.
FIG. 155 is an end view of a suture clip loading device according to one embiodiment
of the thvention.
FIG. 156 is a perspective view of an unassembled suture clip loading device
according to one empadiment of the invertion.
FIG. 187 is a side sectional view of a contral handle according to a further
embecdimant of the invention.
FIG. 158 is a side secfional view of a control handle according to a yet further
embodiment of the invention.
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FIG. 159 is a plan view of a single action contrai handle according to a still further
embodiment, of the invention.
FIG. 160 is a seclional view of a single action control handle according to a still further
ermbodiment of the invention.
FI5. 161 is a partial sectional view of a single agtion control handle according to a stil
further embodiment of the invention.
FIG. 162 is a partial secticnal view of a single action contro! handle according to & still
further embodimerit of the invention.
FIG. 183 is a side sectional view of a single pusher suture clfp locking and severing
coliet cage according to a further embodiment of the nvention,
FIG. 164 is a side sectional view of a single pusher suture clip locking and severing
collet cage according to a yet further embadiment of the invention.
FIG:. 165 is a side sectional view of a single pusher sutura clip locking and severing
collet cage with a pre-cinched suture clip assembly according to a still further
embodiment of the invention.
FIG. 188 Is a top perspeciive sectional view of a single pusher suture elip lacking and
severing device accerding to a still further embodiment of the inventian.
FIG. 167 s a side sectional view of a single pusher sutura ¢lip locking and severing
coflet cage with a cinched suture clip assembly according to 2 stilt further embodiment
of the inventian.
FIG. 188 is a front perspsctive view of a single pusher suture dlip focking and severing
device according to a still further embadiment of the invention.
FIG. 188 is a side sectional view of a single pusher suture dip locking and severing
device with & cinchad suture ol assernkly end a pivol ring accarding to yet anather
embodiment of the invention.
FIG. 170 is a side perspective view of a collet cage body accerding to a still further
ermbodiment of the invention.
FIG. 171 is & top perspective visw of a collet cage bedy according fo a still further
embodiment of the invantion.
FIG. 172 s a front elevationa’ view af a callet cage body according te a still further
ambediment of the invention.
FIG. 173 is a side sectional view of a threader according to one embodiment of the
invention.
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FIG. 174 s an end view of a threader according to one embodiment of the invention.
FIG. 175 is a perspective view of a threader accerding to one embodiment of the
invertion.
FIG. 176 I8 a side sectional view of a vacuum-actuated threader according to anather
embodiment of the invention.
FIG. 177 iz a front elevational view of a vacuum-actuated threader according to
ancther ambadiment of the invention.
FiG. 1785 a side sectional view of a vacuum-actuated threader according to a further
embodiment of the invention.
FIG. 178is a front elevationa! view of a vacuum-actuated threader accarding to a
further embodiment of the Invention.

Detailed Deseription of the Preferred Embodiment

Referring te FIGS. 1-3, a clip deliveryflocking device is shown generally as 1.
Device 1 i3 shown In an embodiment designed for mounting to the distal end of an
endoscope 18. Device 1is generally cylindiical in shage and has a flange 17
exignding proximafly from a proximal end of device 1. Fiange 17 is adapted to
confarm to the contours of the exterior surface of endascopa 18. The cambination of
the proximai end of davice T interfacing witt the distal end of endoscope 18 and
flange 17 interfacing with the exterior surface of endoscope 18 effectively locks davice
i to endoscaope 18. Alternatively, device 1 can be secured fo endoscope 18 with
mechanical fasteners,

Device 1 has portions defining a ¢fip holding chamber 4 A proximal end 4a of
holding chamber 4 (shown in FIG. 4) formed on the proximal end of device 1
communicates with helding chamber 4 and a working channel 45 of endescope 18.
Extending distally from a distal end of device 1 are fingers 9 that are orignfed on
npposite sides of, and partially define, holding chamber 4. Fingers 8 are designed ta
flex or spring from a first position (shown in FIG. 1) to a second position {shown in
FIG. 3} to deliver a suture clip assembly comprising in the illustrated embodiment, a
plug 3 and a ring 8. After delivery, fingers 9 spring back {c the first position to receive
another suture ciip assembly. Preferably four fingers & are nrovided {as shown in FIG.
4a} although as litle as two fingers & are needed. Whan viewing the distal end of
device 1, the distal ends of fingers 9 preferably form a segmented 360° ring.
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Fingers 9, in a preferred embadiment, have tapered finger ends 2 wiih the taper
preferably increasing radially autwardly from a proximal and to a distal and of finger
ends 2. The praximal ends of finger ends Z extend radially inwardly of the inner walls
of fingers 9 to form distaf tangs 12. Distal tangs 12 arovide a stop surface against
which suture clip 3 can be compressed for manipulation as describad in detail below
and by which premature release of suture ¢lip 3 is prevented.

Extending radially nwardly from fingers 9 from a point distal to distal tangs 12
ara proximal tangs 13. Proximal tangs 13 are preferably tapered with the tapar
increasing rachially inwardly from a proximal end to a distal end of proximaf tangs 13,
In an altemafe embadiment shawn in FIGS. 1a-1d, proximal tangs 13 are radiused
partions of the inner walls of fingers 9 that merge into finger ends 2. As described in
mare detail selow, proximal tangs 13 facilitate the mavement of fingers 9 from the first
positicn 1o the sacand position and act as a cam follower to distal tangs 12.

A pusher 14 is dimensioned and adapted to mave frealy in an axial diraction
with the working channel of endescope 18 and within aelivery device 1. Pusher 14
preferably has a frusto-conically shaped distal end 19, the tapered sides of which are
dimensionad te contact proximal tangs 13 and translate distai axial movement into
radial outward movement of fingers 9.

An altemadive to the delivery device shown in FIGS. 1 and 2a (s shown in FIGS.
Zb-2e. This alternate embodimant can be used with an endoscope or independently
as a catheter. !n this embediment, pusher 14 has a reduced diameter, substantially
cyfindrical distal nd 19a. The transition from the diameter of a main body of pusher
14 and distal end 19 forms tapered pusher surface 19b dimensioned to contact
praximal tangs 13 to affect the translation of distal axial motlar of pusher 14 into radial
outward motion of fingers 9. With this embodiment, sutures 7 are severed at shouldar
9a formed &t the transition of the main body of delivery device 1 and proximal tangs
13 when tapered pusher surface 19b cantacts and sfides along proximal tangs
13.

Tao operate device 1, a suture elip asserbly 3a (plug 3 and ring 8}, is advanted
down endoscope working channel 15 in an open positicn with pusher 14. Depending
on the particular embadiment of suture ciip agsembly 3a used, any sukures placed
inside the subject patient are threaded Inta any of a variety of apartures in suture clip
assembly 3a before suture clip assembly 3a descends down working channel 15.
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compressed against the plication with minimal or no slack in the suture as shown in
FIG. 4. This ensures the sulure will properly maintain the plication in the desired
baund state.

Refarring to FIG. 2, another embodiment of device 1 is shown attached to a
distal end of a catheter 20. The procedure described above with respect to an
endoscope also applies to a catheter-based version of device 1 except that in this
embodiment, pusher 14 is praferably run through a central lumen of catheter 20.

Referring to FIGS. 6-18, & variety of suture clip embodiments are shown that
employ a friction fit means 1o secure one or more sutures, As shown in FIGS. 6, 7
and 10, a suture clip assembiy 25 is shown comprised of 2 suture disk 27 and a disk
post 28, In this embediment, suture disk 27 has portions defining 2 central disk
aperure 30 that is preferably lccated in the radiaf center of suture disk 27. Suture
apertures 32 are formed in sutura disk 27 radially outwardiy from disk aperture 30,
Suture apertures 32 are adapted 1o receive sutures 7. Ong or mare suture apertures
32 can be formad in suture disk 27.

Disk post 29 has a disk post main body 34 that is preferably citcular with a
diamster that matches the diamsater of suture digk 27. A locking post 38 extends
axially from a face of disk post 28 and is preferably an integral part of disk post 24,
Lacking past 36 has & cross-sechional diameter that is sized to fit tighfly within disk
aperiure 30. A post aperture 38 runs axially through disk post 29 and locking post 36.
Post aperture 38 ia adapted to receive sutures 7 and is preferably located in the radiai
center of disk post 29.

in the embadiment showr in FIG. 8, tocking post 28 has a smooth cuter
surface. As shawn in FIG. 8, locking post 36 has & corrugated surface that can also
be formed with threading to enitance grasping of sutures 7 whean suturs clip assembly
28 is manipulated into a closed position. A shown in FIG. 8a, lacking post 36 and disk
apetture 30 can be formed with matching tapers that affow for one-way insertion of
locking post 36 into disk aperture 30 to further enhance grasping of sutures 7

To use this embodiment of suture ¢lip assembly 25, a suture 7 (axtanding gut
of the maouth of the patient in an endoscopic procedure), is thread through past
aperture 38 from a distal end of disk post 34 to a proximal face of disk post main body
34. Suture 7 is then fad through suture apertura 32 from a distal face of suture disk
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27 to a proximal face of suture disk 27.  Both suture disk 27 and disk past 29 are slid
along suture 7 until ih place in helding ¢hamber 4 of device 1.

Befora securing suture disk 27 to disk post 29, any slack in suture 7 is taken up
by pulling suture 7 n a proximal direction. To engage disk post 29 to suture disk 27,
Fores is applied to pusher 14 which forces locking post 36 into disk cenfral aperture
30, Suture T becomes enfrapped or captured between the mating surface of [ocking
post 38 and disk central aperture 30 as well as hetween the praximal face of suture
disk 27 and the distal face of disk post 29. The tortuous path followsd by suture 7
adds fo the friction achieved between sufure 7 and suture clip assembly 25. FIGS,
11-16 show the path foliowed by one sufure ¥ and dual sufures 7 in this embodiment.

Gice suture clip assembly 25 has been assembled, suturs 7 i¢ captured with
suture ¢lip assambly 25 interfacing with plication 5. Sufure 7 passes between
proximal tang 13 and pusher distal end 18 such that when distal end 19 is forced
against proximal tang 13, sullre 7 captured. An edge 23 formed in device 1 asts as 8
knife 1o sever suture 7 when suture 7 is fensioned by pulling suturs 7 proximally while
pusher 14 is forced distally through device 1.

In an alternative embodiment shown in FIG. 8, suture disk 27 is not formed with
suture apertures 32, instsad, disk post main body 34 is provided with disk post suture
apertures 40 that are formed radially outwardly frem Tocking post 36. Sutures 7 are
fed through ceniral aperiure 30 and through disk post suture apertures 40. Joining of
suiure disk 27 and disk post 28 results in the same capture of sutures 7 as praviously
described.

A further emboediment is shown it FIG. 17 In this embadiment, top plate 40
conforms to the shape of & "T" with a flange 62 situated at a battom portion of top
plata 48. Boftom plate 42, separate from top plate 44, is sized and shaped to conform
ta the shape of flange 82 and has a radially inwardly extending lip 84 dimansioned to
eonform to the shape of a main tunk 66 of fop glate 40, When combined and locked
together, the interfacing surfaces of p plate 40 and boltom plate 42 capture suture 7
as shawn.

FIGS. 18 - 34 show suture clip embodiments with alignable finger systems that
capture suture 7 when plaged in an unafigned condition. FGS. 18 and 18 show a
sufure clip 3 that is generally rectangular in shape and is comprlsad of ralle 110 that
form the perimeter of the clip. A middle rall 142 altached to two rails 140 has a central
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huraped portion 114 that projects upwardly from the plane eccupied by suture clip 3.
Suture aperiures 116 one each in middie rail 112 through Rhumped portion 114 and in
the two ralls 110 criented in paralle! to middle rail 112 are provided through the sides
of rails 110 and middie rall 112. Suture aperures 116 are preferably formed along &
plane perpendicular {o middle raff 112.

The offsat nature of suture aperiyres 116 provide sufficient friction to capture
sutures 7. To move sulure dlip 3 akong sutures 7, pressure Is exerted on the bottoms
of parallel rails 110 and on the top of hump pertion 114 until suture apertures 116 are
in alignment. Middle rail 112 must be made of a material that has enough elasticity to
fiex into coplanar alignment with rails 110 as weali as have encugh matarfal memory to
rebound back intc an unaligned state to provide the necessary friction to capture
suturas 7.

FIG. 20 shows an embodiment with suture apertures 116 in rails 110 extending
from a top surface to a bottom surface of rails 110, This configuration provides
addiiional frictior by threacing sutures 7 through suture apertures 116 from the bottorn
surfaces of rails 110. FIG. 21 shows an embodiment which ufilizes rails 110 having
circular cross-sectional shapes. FIG. 22 shows how forces have te be applied to the
individual rails as lllustrated by the arrows provided therein. FIG. 23 shows rails 110
ahd middle rail 112 in alignment such that friction on sutures 7 can be relieved for
advancement of suture clip 3 over sutures 7.

FIG. 24 shaws a suture clip 3 with uraligned raiis 190 and middle rail 112
situated in an outer tube 120. Use of an outer tube that has high internal hoop stress
and mirimal tendencies to set at body temperature is preferred. Braided construction
or spring refforeed verslons are other alternatives that can be ueed. Caplure of
sutures 7 in this embodiment is only possible when outer tube 120 is preferably
circuiar in cross-sectional shape and deformed by a compressive force applied
perpendicular to the axis of sutures 7. Deformation can be achieved by use of a
pinching tool passed over sutdres 7 and outer tube 120 at the point where sutures 7 is
threaded through suture clip 3.

FIGS, 25 and 26 show a suturs clip 3 with rails 110 and middle rall 112 with
hexagonat cross-sectional shapes to increase the friction or lockup in the relaxed
position, i.e., unaligned position. FIG. 27 shows the same suture olip 3 in an aligned
position. FIG. 2€ shows a suture clip 3 with raiis 110 and middle rail 142 with
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raciused cone-shape cross-sections with the radiused portions alternately inverted fo
again increase lockup in the relaxed pasition. FIG. 28 shows the same embodiment
Wwith the cone-shaped ralls in an aligned pesition.

FIGS. 29 through 32 shaw 2 nurmber of embadiments with alternative gecmetric
crosg-sectional shapes for the guide rails and the outer tube 120. With these
configuraticns, a snare devica colld be used by advancing the snarg along suture 7 to
the paint of contact with suture clip 3 where the snare could be used o apply pressure
torelease the lock on suture 7. Such a device is shown in FIGS. 35-38 referenced
below.

FIG. 33 shows the application of & comprassive Torce {designated by the
arrows} that causes rails to align which, in turn, releases the friction on suture 7. FIG.
34 shows the same embodiment as FiG. 33 with the campressive force removad
which allows the rails to misalign and capture suture 7.

FIG. 36 shows a suture delivery device for suture locks having alignable
fingers. An elongafe delivery tube 138 is provided with an inner partial tuhe 132 is
fixed io delivery tube 130 proximal to & distal end of dslivery tube 139, Inner partal
tubse 132 has an open distal end and a proximal end that preferably conforms 1o the
shape of an ellipsis. The efliptical shape ls designed to cradle a suture fack 3 that
incorporates the alignable finger technology described above. An inner tube apertura
134 is formed in the proximal end of, or if elliptically shaped in 2 proximal apex of,
innet partial tube 132.

A snare 136 s provided of which a distal end is attached to an inner wall of
delivery tube 130 at the distal end of delivery tube 130. A praximal end of snare 136
is fed through inner tube aperture 134 and extends back ta a proximal end af delivery
ture 130 where snarg 136 can be manipulated by the user.

Ta operate delivery tube 138, snare 13§ is maintained in a leose state s that a
suture clip 3 {to which suture 7 has been threaded thraugh) gan be mounied ine
delivery tube 130 and placed against partial inner fube 132 Tension is applied to
snare 136 fo secure stiture ¢lip 3 fo delivery tube 130. The force applied to suture clip
3 by tensioning snare 136 causes the rails of the suture clip 1o align and allow far the
suture ¢lip to move along the length of suture 7.

To place suture clip 3 in position in cloge proximity to and preferably against a
sutured tissue fold, delivery tube 130is advanced to the tissue fold by sliding delivery
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tube 130 and suture clig 3 over sutura 7. Once the desired pasition is reached,
tension an snare 136 is relarsad which allows the rails of suture clip 3 to retur 1o an
unalignad orieniation which causes capture of suture 7. Preferatly, the force
generated by the repesitioning of the ralls causes sutire ciip 3 to mave st least
parfially aut of delivery tube 130. Once sufure clip is in the desired |ocation, delivery
tube 430 is refracted and suture 7 severed at a point proximal fo suture ¢lip 3. In one
embediment, delivery fube 130 is provided with an edge that severs suture 7 whan
delivery tube 130 is refracted.

FIGS. 39-102 show other general embodiments of the suture clip that
incorperate cylinders in a variety of configurations to achieve suture capture, FIG. 39-
43 show & suture clip embodiment that combines a cylinder with a locking cap. As
shown in FIGS, 39-41, a sutura iock 3 is shown that comprises an elongate hollow
cylinder 148 and a cylinder cap 142, Cap 142 and an annular slot 144 that is adapted
to receive an end of cylinder 140. A wal! slot 146 is provided in a side wall of cap 142
and extends from the exterior surface of the side walt to annular slot 144

With this suture clip embadiment, cylinder 140 is advanced over suture 7. Cap
142 is then slipped over an end of cylinder 140 with suture 7 situated in wall slot 146
as shown in FIG. 40 As shown in FIG. 41, suture 7 Is captured by the interfacing
surfaces of eylinder 140 and cap 142. FIGS. 42 and 43 show the fortuous path of
suture 7 within suture clip 3 that aide In the capture of suture 7.

FIGS. 44 and 45 shiow a suture ciip 3 in a cylinder/cap embodimant
premounted in device 1. To effecivate closure of cylinder 40 to cap 142, a closed
end of cap 142 interfacas with distal tang 12, Cylinder 140 is forced into cap 142 by
pusher 14 {not shown) via pusher head 18.

FIGS. 46-48 show a suture clip 3 in a oylinderlocking rod embodiment. FIG.
46 shows a cylinder 140 beihg combined with a rod 150, Rod 156 can ke sized to
engage the inner wall of cylinder 140 to create a friction fit or can be provided with an
oplional rod locking flange 152 that is slzed ta engage eithsr the inner wall of cylinder
140 or an annular cylinder focking channel 154, Oplionally, cylinder apertures 156 are
provided, preferably at two locations, along the length of cylinger 140. Suture 7 can
be advanced through cylinder 140 through the ends of the cylinder, through the
eylinder aperiures 186 or through a combination of the cylindsr ends and apertures.
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With suture 7 threaded in cylinder 140, rod 150 is inserted into cylinder 140
such that the interfacing surfaces of rod 140 and cyfinder 150 capture suture 7 as
shawn in FIG3. 47, The capture point can includa the interfacing surfaces of locking
flange 152 and locking channel 154.

FIGS. 48 and 4& show an aternative embodiment in which a cylinder slot 158
i% farmed in the sidewall of cylindsr 140. Preferably, slof 168 extends from, and opens
onte, an end of cylinder 140. Ii this embaodiment, suture 7 is threaded through cylinder
siot 158 and aut the opposite end of svlinder 140. Agaln, the Interfacing surfaces of
cylinder 140 and rod 180 capture suture 7 as shown in FIG. 49.

FIGE. 60 and 51 show a further alternative embodiment in which cylindsr 146 is
provided with an eyelet 160 that is essentially an elongated section of the sidewall of
cylinder 140 that has been separated from the sidewall along the axial length of
cylinder 140 and folded either inwardly to form twe triangular slots, Suture 7 is
tiveaded through a first end of cylinder 740 and over the extarior surface of eyelet 160
and out the second end of cylinder 148, Rod 150 Is inserted into cylinder 440 which
farces syelet 180 to be reamec outwardly such that suture 7 is captured by the
interfacing surfaces of the sidewall of cylinder 140 and the edges of eyelet 160. The
friction craated by the addifion of evelet 186 adds te the friction provided by the
interfacing surfaces of cylinder 140 and red 150.

FIGR. 52-57 show a suture clip 3 emploving a dual cylinder system. FIG. 53
shows a cylinder 140 and an inner eylinder 170 that has an owker diameter that is
preferably sized to provide a friction fit with the inner wall of cylinder 140, ‘nner
cylinder 170 has an inner cylinder slot 172 extending from, and apening ento a
preximal end of inner eylinder 170, Cylindsr 140 ¢an optionally have a groove 176
farmed on a proximal end of cyiinder 140 that is used to engage suture 7 as described
below.

To operate this embodiment, inner eylinder 170 is advaneed over suture 7 (or
suture 7 is threaded throtigh inner eylinder 470) so that suture ¥ exits via inner
cylinder siot 172 and over the side wall of cylinder 140. Puil strings 174 are attached
1o the proximal end of inner cylinder 176 and are threaded through cylinder 148, To
join the cylinders, the user pulls on pull strings 174 toward the proximal end of the
endoscape or catheter used to deliver suture ciip 3. Gylinder 149 is maintained in a
static position with the proximal partion of chamber 4 of device 4 within which suture
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clip 3 in this embodiment can be premounted, The intedacing surfeces of cylindsr 140
and inner cylinder 170 capture suture 7 along the perfion of the sidewall of inner
cylinder 170 that is distal to the distai end of inner cylinder slot 172 as wefl as the
tortuous path followed by suture 7. Suture 7 can be additionally captured by groove
476 such that any pulling of suture 7 wil tighten the cantect betwean cylinder 140 and
inner cylinder 170. FIG. 53 shows suture dlip 3 in a locked position and FIG. 54
shows sutira clip 3 set on suture 7 against tissue 5.

FIES8. 58-57 show a maodification of the dual cylinder embaodiment. In this
embediment, cylinder apertures 178 are formed in the side wail of cylindar 140.
Preferably, iwo coplanar pairs of diametrically cpposed cylinder aperiwres 178 are
provided, Inner cylinder 170 is tapered with the taper increasing from the distal and to
the proximal end. An inner cylinder aperfure 180 is formed in the side wall of inner
cylinder 170. Suture 7 can be threaded thraugh any cormbination of & distal end of
cylinder 140, cylinder apsriures 178 and a proximal end of cylinder 140 as shown in
FiG. 55. Suture 7 is then treaded througn the distal end of inner cylinder 170 and out
through inner cylinder apsriure 180, Suture 7 is then threaded through a pusher
aperture 14a fermed in pusher 14. Pusher aperture 14a preferably extends to the
proximal end of pusher 14.

To jein the cylinders together, in one embodiment. oylindar 140 fs 52t againat
tangs 12 of device 1. Inner cylinder 178 is situated In the proximal end of chamber 4
and is forced into cylinder 140 with pusher 14. The interfacing surfaces of cylinder
14{ and inner cyiinder 170 capture suture 7 and are aided by the tortucus path
followed by suture 7 within this embodiment of sutura clip 3. The interfacing surfaces
of pusher 14 and suturs ¢lip 3 can be used to severs suture T distally of suture clip 3

FIGS. 53 and 59 show a simpler version of suture clip 3 that includés cylinder
140 with cylinder apertures 178. Suture 7 is advanced through a first oylinder
aperture then to a second cylinder aperture that is diametrically cppased to the fiyst
cylinder aperture then fo a third cylinder aperture that is sulstantially coplanar with the
secand cylinder apertura and finally through & fourth aperhure that is diametrically
opposed to the third aperture. Tension is then applied to suture 7 that creates friction
befwaen suture 7 and cylinder 120,

An alternative embodiment involving cylinder 148 and a second cylinder 182
that is aligned perpendicular to the longitudinal axis of cylinder 140, Sulure T is
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threaded through cylinder 140, through a distal end of cylinder 182 and through a
second cylinder aperture 184 farmed in a sidewall of secend cylinder 182, Tension
placed on suture 7 causes friction betweaen the interfacing surfaces of suture 7,
cylinder 140 and seconc eylinder 182, Preferably, the distal end of second cylinder
182 contacts the sidewall of cylinder 140.

FIGS. 60-62 show an alternative embodimant of the dual oyfinder embadiment
in which second cylinder 182 has a locking jaw 186. Jaws 186 have a top tang 188
and a bottam tang 190 that are offset with top tang 186 offset distally relative fo
bettom tang 190. An optional groove 192 is formed on an uppermost tip of boftom
tang 190 that is adapted to receive suture 7. Sacond cylinder 182 is preferably made
of a material that aflows for jaw 186 to be flexad from a closed position (as shown in
FIG. 62) ta an open pasition (as shown in F1G. 83} and hack to a closed or semi-
closed positian.

A siot 194 is formed in the sidewali of cylinder 140 that is sized and adapted to
receive top tang 188 in focking engagement. Suture 7 is threaded through cylinder
140, through groove 192 and through second cylinder 182 proximally to and thraugh
any device used to place suture clip 3.

To engage cylinder 148 to second cylinder 182, cylinder 140 is placed against
tangs 12 of device 1. Second cylinder 182 is positioned in the distal region of
chamber 4. Second cylinder 182 is pushad toward cylinder 140 until top tang 188
contacts cylinder 140 and flaxes upwardly and over the exterior of cylinder 140.
Second cylinder 182 is advanced until top tang 188 engages a distal shoulder 196 of
aperture 194 Suture 7 is caplured by the interfacing surfaces of top tang 188 and
boltom tang 190 as showh in FIG. 62.

FIGS. 64 and B5 show a three tab ambaodiment of suture dlip 3. in this
embodimsnt, suture clip 3 has two (ateral tabs 200 and a central tab 202, Central tab
20?2 has a tab fange 204 that preferably extends perpendicular to the Iongitudinal axis
of central {ab 202 and is an integrai |ateral extension of a bottom face of central tab
202. Tab flange 204 extends from both lateral sides of central tab 202 bayond the
adjacent sides of lateral tabs 200. Suture clip 3 Is preferably made of a material that
allows far central tab 202 to flex upwardly past the plane ocgupied by lateral tabs 200
and downwardly past the same plare.
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To use this embodiment of suture clip 3, thread 7 Is advanced over tateral tabs
200 and uncier central tab 202 fhat is flexad upwardly as shown in FIG. 64. Central
tab 202 is then flexed downwardly beyond the plane occupied by [ateral fabs 200 so
that tab flange 204 contacts the bottom surfaces of lateral flangss 200, Suture 7
becomes captured by the fricion created by tha tortuous path foliowed through the
tabs of suture clip 3.

FIGS. 66 - 68 show ancther embodiment using cylinder 140 and a hallow rod
210 In this embodiment, a fiap 208 is formed in the sidewall of cylinder 140 by
skiving the sidewall. Flap 206 has a flap aperture 208 formed therain. A distal end of
flap 206 is bent downwardly so that it pecupies part of the lumen of cylinder 140.
Suture 7 is threaded through a distal end of cylinder 140 and through flap aperture
208 from a top side of flap 206 and cut through a praximal end of cylinder 140. Suture
7 is fhen advanced through a rod lumen 212 of a hollow rod 216 that has an auter
diameter that is sized to provide a friction fit with the ianar wall of cylinder 140. Hollow
rod 240 is advanced through cyfindar 140 within which hollow rod 210 contacts a
bottom proximal end of flap 206. Further advancement of hollow rod 210 forces flap
206 upwardly which captures suturs 7 betwaseh flap 206 and the sidewall of sylinder
140 55 shown in FIC, 68,

FIGS. 69-73 show & variely of embodiments of the wedge principle. FIGS. 89,
70 and 730 show wedge 318 conformed ta the shape of a sphere. A wedge string
3@ s allached to wedge 310 and is used to apply tension to force wedge 310 into a
plizble version of cylinder 140. Preferably cylinder 140 is made of a material aush as
plastic that can be deformed to receive wedge 310 that has & diameter that is
preferably greater than the diameter of the lumen of cylinger 100. The introduction of
wedge 310 inta eylinder 140 captures a present suture 7 belween the interfacing
surfaces of cylindar 140 and wedge 310,

FiGS. 71 and 72 show alternalive embodiments of wedges 310 combined with
cylinder 140. FIG. 71 shows wadge 310 being solid with a tapered sidewall. FIG. 72
shows wedge 310 with a bulbous proximal end and a domed cag distal end that has a
diameter that is preferably greater than the inner diameter of cylinder 140.  Again,
suture 7 is capiured by the mating surfaces of the components.

FIGE. 74 and 75 show a further ambedimsnt of suture clip 3 comprised of
wadge 312 and cone 320. Wedge 312 has central aperture 314 and cona 320 has a
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cong apetture 326 that is formed in the sidewall of cone 320, Cone 320 can be
formed with a pointed of flat tip 322. In this embodiment, suiure 7 is advanced
through central wedge aperture 314, into a cone cavity 324 formed in cone 320 ang
out through cone aperture 326. Wadge 310 is then advanced tnto cavity 324 of cone
320, the interfacing surfaces of which capture suture 7. The further wadge 320 is
advanced info cone 320 the greater the capture force an suture 7.

F18. 76-83 show additional embodiments of suture clip 3 using varfous
shaped wadges. FIGS. 76 and 77 show cylinder 140 with  tapered wedge 310.
Again, the inferfacing surfaces of cylinder 140 and wedge 310 capturing sufure 7 as
shown in FIG. 77. FIGS. 78, 81, 82 and 83, show a similar embodiment however with
cylinder 140 having 2 cylinder slot 141 formed on the sidewall and extending from,
and opaning on, an end of cylinder 140, As descrined for pravicus similar
embodiments, suture 7 is placed in slot 141 before engagement of cylinder 140 and
wedge 310,

FIGS. 79 and 80 show a yet further @mbodiment of suture clip 3 in which
wetge 310 has a cylindrically shaped main body 313 and a domed and flanged distal
end 315. Suture 7 is captured by the Interfacing surfaces of distal end 315 and the
fmmer wall of cylindar 140,

FIG. 84 shows device 1 with a sufure alip 3 lpaded into chamber 4. Cylinder
140 is shown being confined by distal tangs 12 while pusher 14 advances wedge 312
through the lumen of cylinder 140. An annular eylindsr channal 143 is formed on the
inner wall of cylinder 140 o receive in mating engagement, an annular flange 317
formed on a proximal end of wedge 342, Suture 7 enters cylinder 140 via cylinder slot
141 and out the praximai end of cylinder 14¢. The interfacing suitaces of cylinder 140
and wedge 312 capture suture 7.

A final category of suture clip embodiments is shown in FIGS. 85 threugh 102
that involve a cylinder or red being wrapped with suture 7 and captured with external
semicircular sleeves, FIGS, B85-88 show & rad 400 and a sleeve 410 that is preferably
semicircular and more preferably has a hyper semi-circular cross sectional shape that
is sized to releasably lock onio rod 400. Sleeve 410 has sleava apsriures 412 that
are preferably formed proximal to distal and proximal ends of sleeve 410, Suture 7 is
threaded through a distal member of the elesve apertures 412 then wound around rod
400 then threadsd through a proximal member of the slesve apertures 442, Sleave
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410 i3 then clipped onto rod 400 as shown in FIGS, 85 and 87, FIGS. 88, 89 and 91-
85 show an embodiment in which rod 400 and sleeve 41@ are joined at a proximal
wnd. In this embodiment suture clip 3 is made of a material that allows slesve 410 to
he fisxed from an open pasition to a clesed position.

FIGS. 80 and 81 show a modification of device 1 that can be used to lock
suture clip that incorporates a rod and mating sleeve. As shown, rod 400 and sleeve
420 are mounted in chamber 4 Pusher 14f has a distally extending tapered segment
14e that whan advanced distally, forces sieeve 410 fo rotate toward rod 400 until
sleeve 410 is locked onlo rod 400. A fapered proximal tang 43a provided proximally
to distal tang 12 is situated to contact segment 14e. Full distal advancement of
segment T4e results in segment 14e riding aiong tang 13e that, in turn, causes the
outward flexion of finger 9 which releases suture alip 3.

FIGS. ©6-100 show suture clip 3 in varicus stages of advancement from a pre-
locked position (FIG. §6} to an intermediate position (FIG. 97 and 98) to a locked
pasition (FIGS. 9%-100) adjacent fo tissue 8. The process begins by advancing rod
400 down suture 7 toward tissue 5 with a pusher (not shown). Once rod 400 reaches
tissue &, tansion is applied to suture 7. Sleeve 410 is then advanced distally along
suiure 7 with a pusher (not shown) until reaching rod 400. Alternatively, rod 400 ang
slegve 410 can be advanced simultaneously by providing sleeve 419 with a suture
vontacting surface that has additional friction. Any slack in suture 7 is captured
hetwesn rod 400 and slesve 470 when locked together. The suture 7 is then severed
by the pusher at a point proximal to the suture clip 3. The suture capturing effect can
be enhanced by winding suture 7 about rod 400 before lacking slesve 410 to rod 400.
In alternate embodiments, the mating surfaces of rod 400 and sleeve 410 can be
textured or provided with mating projections ang cavities to enhance the frictional
grasp of suture 7. it should be noted that & suture tag 7a can be used te anchor a
distal end of suture 7.

FIGS. 107 and 102 show an additional embodiment of suture clip 3. FIG, 102
shows rod 400 about which suture 7 is wound. Clamping jaws 500 are closed o
capture sufure 7 between (he interfacing surfaces of rod 400 and clamping jaws 580,
©One method that can be used to close clamping jaws 500 employs device 1 with the
modifications shawn for the rodssleeve suture clip embodiment. The open end of
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clamping jaws 500 are positioned in ihe distal end of chamber 4 againet distal tangs
12.

FIGS. 132 - 150 ilusirate suiure clips having either expandable plugs or
expandabie rings combined with a rigid counterpart ring or plug, respectivaly. FIGS.
132 - 134 show a suture clip 3 comprising a ring 562 and a mesh plug 560, Ring 562
is made from a relatively rigid material such as polypropylene to withstand expanding
farces generated by plug 569. Plug 5680 is preferably made from an expandable

material such ag nitihol or an elastomeric materiai info the mesh pattern shown in FIG.

134, Plug 562 is configures so that the nitinol mesh has a relaxed stafe that has an
outer diameter that exceeds the innar diameter of ring 562. Suture 7 is captured
between an inner wall of ring 562 and an outer surfage of plug 569 via the radial
oufward foree gensrated by ever expanding nitinal based plug 562,

FIGS. 135 ~ 141 show the delivery of mesh plug BE2 into ring 5§60, The
process begins by preloading ring 86¢ into a suture sbip delivery device 502. Resilient
collet fingers 504 formed ata distal end of delivery davice 502, nave distal tangs 506
that pravide a temporary stop to arrest distal movement of ring 360 prior to cinching
with plug 562, Suture 7is threadesd through ring 560 and through delivery device 502
A plug delivery catheter 563 dimensicned to slide axially through a central bare in
delivery device 502, is preferably prelcaded at a distal end with a plug 962 in a
compressed state. Catheter 563 is advanced until in clase proximity ta a proximal
edge of ring 860. A ring pusher 524 dimensioned to slide axially within catheter 563 is
advanced distally through catheter 563 ta force ring 562 ouf of caiheter 563and into
ring 560.

With the distal exit of plug 562 from catheter 583, the radially restraining farce
pravided hy an inner wall of catheter 563 is eliminated thereby allowing plug 562 {o
expand. Suture 7 is cepturad and held by the friction generated by plug 582
expanding into an inner wall of ring 562. Ag shown in FIGS. 138 and 138, plug 562 is
preferably fonger than ring 560 so that the ends of plug 562 preferably expand beyond
the outside diameter of ring 860 to provide a locking function to prevent relative axial
movement of plug 562 to ring 560. Opticnally as shown in FIG. 142, ring §60 can ba
farmed with an anti-migration tab 560a that extends inwardly from the inner wall of
ring 86@. Tab 560a cperates to prevent relative axial movement of plug 562 by
engaging one or more web apertures formed [n the mesh struzture of plug 562
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FIGS. 143 - 150 show an alternate ermbodiment of the expandable suture clip
component design. i this embodiment, plug 562 is the rigid component and ring 560
is a compressible component. Preferably, plug 582 is fermed with diagonal channels
862a formead on an outer surfacs while ring 560 is formead as a ribkon dimensioned so
that the spacing between adjacent ribbon sections 560 corresponds with the spacing
of the plug channels 562a. With this embadiment, ring 560 is strassed into an initial
open, large diameter state for dslivery onto plug 562. Following the insertion of suiure
7 into ring 560, plug 562 fs inserted into ring 580 so that suture 7 is positioned
between the outer wall of plug 562 and the inner surfaces of ring 560. Cnee
positioned, ring 560 is allawed fo transition to a smaller diametsr relaxed state that
causes the migration ef the individual ribbon sections 560k into plug channels 562a.
The toriuous path fallowad by suture 7 by virtue of the plug channels 562a coupled
with the fricticnal fores generated by the campressian of ring 560 results in sufure clip
3 being secured against axial displacement relative to suture 7.

Afurther embediment of plug §62 is shown in FIG, 150, n this embodiment,
plug 562 is fermed with erlarged ends that give plug 562 a “dumbbell” shape. The
diametncally enlarged snds provide axial stops for mesh ring 860.

Referring to FIGS. 121-125, the distal end of a low profile single pusher suture
clip delivering and locking catheter designed primarily headless suture clip assemblies
is shown gererally as 1. A catheter distal end is comprised primarily of a callet 2 to
which the other components of distal end 1 are aftached. Collet 2 is essentially a
cylinder with two or mare collet fingers 4 extending distally from a distal end of collet
2. Collet fingers 4 are biased in an open position. Extending radialy inwardly from a
distal end of each collet finger 4 is a collet finger fiange 6 that functions as s stop to
arrest distal advancement of a suivre clip loaded inte collet 2. The combination of the
distal end of collet 2, collat fingers 4 and distal flanges 6 define a collet cage within
which the components of a suture clip are releasakly encapsulated for delivery to a
sutwed tissue site. The cage further functions to align the suture ¢lip components for
assembly.

In a preferrsd embodiment, collet finger flanges 6 have radiused outer distal
edges & ta minimize trauma {e a patiant and radiused inner distal edges 10 to ease
loading of suture ¢fip compenents. In & preferred embodiment, auter distal edges 8
extend radially outwardly beyond outer collet finger walls 14 ta function as a stop for
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an outer sfiding sleave 30 described below. Inner proximal faces of collet finger
flanges & are oriented to a longitudinal axis of collet fingers so that a plane cocupied
by fiange proximal surfaces 18 fanms an angle from about S0° to about 135° and
preferably about 128" to optimaily balance the need to provide a stopping function
against the nesd to not hinder suture clip deployment from the delivery catheter.
Optionally, collet finger flanges & can be formed to extend radially outwardly from the
outer wall of collet fingers 4 to act as a distal stop for a sliding sleeve 30.

Finger slots 12 are formed between and defined by collet fmgars 4 and function
as egrass ports for sutures threaded through the components of a suture ¢lip loaded
into the collet cage. Becsuse callet fingers 4 are biased in an apen position, a radially
constraining forge need only be applied to move the fingers from an open, suture ¢lip
loading/raleasing position to a closed, suture clip confining pasition,  Altematively,
finger cellats 4 can be biased in a closed position,

The distance between a proximal face of collet finger flanges 6 and the distal
end of the bady of collet 2 is set ta preferably accommodate at least one set of
unassembled suture clip components along with two unassemblad suture clip plugs
62. This distance can be modified to accommodate different numbers af suture alip
plugs

Situated within a hollow chamber defined by the inner walls of callst 2is 2
cylindrically shaped pusher 24. Pusher 24 slides fraely within collet 2. Pusher 24 is
preferably adapled to matingly engage a proximal end of a sulure clip plug situated in
the collet cage.  Distal advancement of pusher 24 engages the suture clip plug and
drives the suture clip plug distally into a suture clip ring. Collet finger flanges 6
function as a stop for the suture clip ring so that the distal axiai force applied causes
engagement of the suture clip components

Pushar 24 is formad with diametricaily opposed guide tabs 43 fhat ride axially
within diametrically opposed channels formed in the inner walls of callet 2. Extending
racially outwardly from guide tabs 43 are depressible finger tabs 45.

Situated in coaxial relationship with and freely sliding abaut coltet 2 is auter
sliding sleeve 30 thai performs at |aast two functiens; praviding radial force against
collet fingers 4 o maintain the fingers in a closed position dyring suture clip delivery to
a tissue site to minimize petential trauma that could be caused by open collet fingers
and previding a means to severs the tail ends of a suture that has been secured with
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a suture ¢lip. Vwhen advanced distally, sliding sleeve 30 encompaszes collet fingers 4
and restricts radial movement of the fingers regardless whether the fingers are biased
inan aper or closed positian.

When proximally retracted, sliding sleeve 30 severs directly or cooperates with
other components to sever suture material proximal to a secured suture clip. In one
embodiment, & disfal end 25 of suture slot 34 engages the suturs and carties It toward
a distal and of the bady of coilet 2. When the distal end of suture slat 34 travels past
the distal end of the body of collet 2, the sufure is severed. In another embadiment,
sliding sleeve 34 interacts with a fixed cutter 42, described below, to sever the suture
tail ends. In yet a further embodiment suture slot distal end 35 is sharpened to
perform the severing function whan sliding sleave 30 is proximally retracted.

Diametricaily opposed sliding slaeve locking stots 47 ars fonmed in the outer
cylindrical wall of sliging sleave 30 in close proximity to a proximal end of sliding
sleeve 30. Locking slots 47 are adapted to receive finger tabs 45 of pusher 24.
Interlacking of finger tabs 48 and locking slots 47 provide a means to reiract siiding
sleeve 30 with pusher 24. To retract sliding sleeve 30, pusher 24 is proximally
retracted until it contacts a proximal end 31 of sfiding sleeve 36. Upon contact finger
tabs 45 angage locking slots 47 which allows proximal retraction of sliding sleeve 30
via proximal retraction of pusher 24. To advance sliting slasve 30, finger tabs 45
have to be manually depressed out of the patient. Sliding sleeve 30 can then be
manually advanced to contain collet fingers 4 in a closed position.

In an alternate embodiment as shown in FIGS. 132 and 133, 2 pushor head
24a extends from a distal end of pusher 24, Pusher head 24a hag portions deflning
an axially oriznted slesve pin siot 24b that s adapted to recsive in sliding
engagement, a sliding sleeve pin 40a. Sliding &leeve pin 40a extends radially
inwardly from sliding slesve 30 and is dimensioned to freely slide axially within slesve
pin slot 24b. Sleeve pin slot 24b is positioned within pusher head 24a so that the
pusher 24/pusher head 24a assembly can be advanced distally sufficient to
completely cinch the suture clip assembly without agvancing sliding slesve 34 past the
distal end of catiet fingers 4. With this arangement, a proximal end of sleeve pin siot
24b acts as a stop for sliding sleeve 30 and thereby eliminates the need for collet
finger flanges 6 ta provide a distal stop for gliding sleeve 30. A distal end of sleeve pin
slot 24b is positioned so that retraction of the pusher 24/pusher head 24a assembly
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causes the distal end of sleeve pin slot 24k to engage sliding sleeve pin 40a and
refract sliding sleeve 30 a sufficient axial distance to sllow release of the cinched
suture clip assembly. A subsequent forward advancement of the pusher 24fpusher
head 24a assembly causss the proximal end of sleeve pin siot 40b to engage sliding
sleave pin 40a that translates the distal motion of pusher 24 into a distal mation of
sliging sieeve 34 to retract collet fingers 4 radially inwardly for full retraction of delivery
device { aut of the patient.

At least one suture slot 34 is formed toward a distal end 32 of sliding sleeve 30
to provide egress for excess suture material that typically extends beyond the arifice
through which the catheter is inserted. |tis impertant that finger slots 12 and suture
slots 34 are at least partially aligned to allow a path for excess suture material to exit
tha suture clip delivery device. Te accomplish alignment with embadiments lacking
sliding sleeve pin 40a, suture slot 34 functions as an aligmment slot to recefve an
aligrement pin, An alignment pin 40 is affixed to coliet 2 and dimensioned to fresly
slide within alignment suture slot 34. The length of alignment slot 34 limits the
proximal and distal travel of sliding sleeve 30. Alignment pin 40 is posiiioned on collet
2 al a point proximal to the disial edge and through a fixed cutter 44, if present.
Suture slot 34 is positioned in sliding sieeve 30 such that at least one finger slot 42
and suture slot 34 are at least partially aligned along their longitudinal and radial axes.
Preferably two diametrically opposed sets of finger slats 12 and suture slots 34 are
pravided to allow egress for each end of a suture. Only one alignment pin 40 need be
provided ta ascomplish radial alignment.

An optional featurg of the presently described embadiment is 2 fixed cutter 42,
Cutter 42 is preferably a metallic ring formed about and affixed {o caltet 2 that has a
distal edge 44 that is sufficiently sharp to sever suture material. The ring is used for
embediments that are preferably injection motded, However, filled or engineered
plastics can he used to obviate the need for fixed cutter 42.

For the single pusher embodinent, a conventional cantrol handle (ot shawn)
with & single pusher knob atiached directly to the callect cage is used to advance and
retract pusher 2d. The control handle does not form a part of the invention.

Ta load suture clip componants in the single pusher embodiment, pusher 24 is
Tully refracted so that sliding sleave 30 is engaged and proximally refrasted io remove
ire radial constraint of collet fingers 4 which expand into an epan position.
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With collat fingers 4 arranged in an opan position, two steckable suture dlip
plugs can be placed in the cofiet cage. Next, the ends of a suture 80 that has baen
used {o stitch tissue in the internal regions of an individual are threaded through a
suture ¢lip ring and into thread apertures farmed in a suture clip plug. The suture
ends are then fad through either the same or separate sets of fingsr slots 12 and
suture slots 34 50 that the ends of the suture are arranged external to the sufure clip
delivery catheter. The suture clip plug 82 Is then placed in a proximal end of the collet
cage digtal to the first two suture clip plugs 62 and the suture clip ring 60 is placed in 3
distal end of the collst cage where the ring preferably engages at least one of the
collet ring flanges 6 to prohibit distal travel of the ring. 1t is to be understoad that the
coilet cage can be sized fo accommodate & piurality of suture chp plugs that can be
stacked or depleyment into suture clip rings that must be loaded ona per suture
clinping procedure.

With the suture clip compenents loaded, pusher 24 engaged ta sliding sieave
30 via the engagement of finger tabs 45 and focking slots 47 is distally agvanced untit
sliding sleeve 30 reaches its maximum distal advancement point. At thie point, due to
the length of pusher 24, pusher 24 cannot engage the next sutuie clip plug 62 until
finger tabs 45 are depressed to release sliding sleave 30 that enables the operafor to
distally reposition pusher 24. Sliding sleeve 24 [s sized so that lockest engagoment
with sliding slesve 30 prevents the distal end of pusher 24 from ceming into contast
with the next suture clip plug without being disengaged fram sliding sleeve 3D. Thig
configuration effectively captivates the suture clip components for delivery to the
sutured tissue site.

To operale the single pusher embodiment, the control knob aftached to pusher
24 is distally advanced. This causes a distal end of pusher 24 to engage the most
proximal suture clip plug B2 The axial force gensrated is transferred thraugh the two
mast proximal suture clip plugs 62 to the third most distal suture clip plug §2 that, in
turn, engagas suture elip plug 60 so that a complete suture ¢lip is formed and cinched
in close proximity to the stitched tissue, Once pusher 24 is maximally advanced to a
battom out position, the contre! kneb is proximally retracted to engage sliding sleeve
30 as described above. Proximal refraction of sliding sleeve 30 sevars the ends of
suture 8O at a point proximal te the assembled suture clip via the interaction of the
distal end of suture slot 34 and either the distal edge 44 of cutter 42 ar the distal edge
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of the body of collet 2. Toe remove the catheter from the patient, pusher 24 is again
proximally advanced. Cug to the one-way interaction of finger tabs 48 and locking
slots 47, disial advancement of pusher 24 causes sliding sleeve 30 to be advanced 1o
again radially consirain callet fingers 4. Pusher 24 (s distally advanced until sliding
sfeeve 30 reaches maximum advancement. At this point the catheter can be safely
rempved from the patient.

Te begin another cycle, a suture clip ring is loaded inta the coliet cage. Inone
embodiment, a ring loading rod or mandral {(not shown) is used to joad rings 68 into
the distal end of the collect cags. The red has a diameter that is sufficiently less than
the inside diameter of the rings 60 to allow the free movemnent of rings 89 from the rad
into the open collet cage. To insert a ring, the rod is forced into the radiused finger
collet flanges 6 untll it stops. The entering ring 8 has a diamater that is greater than
the: inner diameter of the finger collet flanges & that causes the flanges to flex
inwardly. ¥When the ring 60 is advanced proximally past the proximal faces 18 of
flanges 8, the flanges flex back into their initial position and captivate the ring. The
rod is then removed. To prepare for anather suture clip assembling and cinching
cycle, sliding sleeve 30 is raleased from pusher 24 and distally advanced to radially
canstrain collet fingers 4.

tn anather embodiment shown in FIG. 126, a dedicated finger held 76 is
employed to advance and retract sliding sleave 30, In this embodiment, a collect
finger hold 74 situated at a proximai end of the collet cage provides a finger grasping
paint to effectuate relative movement of pusher 24 and sliding sleeve 30. A thumb
ring 72 is provided at a proximal end of pusher 24. To advance pusher 24, finger hold
74 is grasped while thumb ring 72 is advanced relative to finger hold 74, This enables
pusher 24 ta engage a suture ¢lip plug to commence engagement of the plug with a
suture ¢lip ring. Once pusher 24 has bottomed out (a condition that can be preset by
the length of pusher 24 relative to collet 2) the suture clip is fully assembled with a
capiured suture.

Ta deploy the suture clip and sever the suture ends, a sliding sleeve finger hold
76 is grasped and retracted while maintaining hold of thumb ring 72. This severs the
excess suture material. If the collet fingers are pre-biased in an open position, the
collet fingars will epring open absent the radially constraining forca of sliding sleeve
30. Iffinger coilels 4 are pre-biased on the closed position, a madification to collet 2
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and pusher 24 hes to be employed, A ramp 16 is formed on an Inside wall of collet 2
ata point proximal to the area where the suiure clip components are piacad in the
collst cage. Ramp 16 fapers radialy imwardly from a distal to a proximal end. A
pusher taper 17 is provided proximal 1o the distal end of pusher 24 and adapted o
engage ramp 16. Proximal ratraction of pusher 24 engages ramp 16 that causes
collat fingers 4 {o open ang release the complsted suture clip. Te begin a new cycle,
suture elip compenents are loadad it the collet cage and pusher 24 is partially
advanced to effectuate the disangagement of ramp 168 and pusher 24 which allow
collet fingers 4 to return to the pre-biased closed position.

Tha suture clips used with the suture clip defivery cathetar described herein
have plugs without heads. in a preferred embodiment as shown in FIGS. 127-129,
piug B2 that Is preferably infection melded, has a main snaft 68 that is adapted o
frictionally engage the inner walls of fing §0. Extending from the distal and proximal
ends of plug 62 are 2 plurality of plug locking tabs 63 which have outer faces that are
radiused about the sdges fo provide ease of advancement into ring B0 which is also
preferably injection molded. Locking tabs 63 are formed with sufficient flesdbility to
distort to ease advancement inta ring so that their overall dtameter is reduced while
traveling through ring 60. Once the distal most locking tabs emerge from the distal
end of ring B0, preferably simultanecus with the contact of the proximal locking fabs
63 with the proximal end of ring 68, the distal locking tabs 63 spring back to their
original radially expanded state. The diameter of the flanges is set to be greater than
the outside diameter of ring 60 so that when fully radially expanded, locking tabs 63
situated on the proximal and distal ands of plug 62 cocperate fo positively lock ring 60
in an axial direction as shown in FIG. 130,

Ta reduce the effort needed to advance suture 80 about plug 60, plug gulde
slots 67 are formed between the side surfaces of locking tabs 63. A central diverter
65 1s formed extending from the central distal end of plug 60. Diverter 65 has tapered
sidewalls that increase radielly outwardiy from a distal to a proximal end. This
configuration facilitates fracking and the radial disposition of suture 86 into guide slots
67. In one embodiment, diverter 65 sxtends distally beyond the distal end of plug 62
&nd an engaged ring B0 so that when the assembled suture clip is appended to suture
30, diverter 65 contacts the sutured tissue and causes fibrosis which leads to a
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thickening of the tissue. It is belizved that this enhances the therapsutic stfact of the
procedure in GERD patients.

To permit stacking of multiple plugs 62, a substantially sylindrical plug ca\.nty 61
is formed on the distal end of plug 6@ and a corresponding axially extending eylindrical
plug projection 68 is formed in the proximal end. To ensure positive engagement,
plug projection 68 is extended above plug locking tabs 63, Plug cavity 61 and plug
projeciion 69 are sized to loosely mate when & piug cavity 81 in the distal end of ong
plug is aligned with a plug projection 6% of an adjacent plug. The size folerances for
the respective mating compongnts ars maintained sufficiently lnose not o interfare
with suture olip deployment but tight encugh to provide axial and radial alignment
during the application of compressive forces to join a plug to a ring in the delivering
and locking catheter desciibed herein.

In practice, diverter 65 feeds suture 80 into guide slot 67 that is sized to allow
the free movement of plug 60 aleng suture 80. This configuration provides a suture
clip plug that decreases the effort needed to advance the plug over the ends of a
sufure before loading into the suture clip delivering and locking davice.

Afuriher suture clip embediment employs rings and plugs with interlocking ribs
or seales. As shown in FIG. 131, ribs 80 are provided circumferantially about the
inner wall of ring 60. Cerresponding plug ribs 97 are provided about the outer sidewall
of plugy 62, The tbs are canfigured to allow for the advancement of the plug info the
ring with mirimal effort. The ribs are taperad to allaw the piug to be inserted into the
ring in a distal direction and create an inferference that prevents or resists proximal
retraction of plug 62 out of ing 60, The suture 80 bacomes entrapped batwesn the
inter-engaging ribs. The depth of the scale feature as well as the angle or taper Is
dependent an the suture size, material and degree of facking needed such as the life
expectancy of the individual. Significant profiles will provide higher halding forces that
can also adversely affect the ife expectancy of the captured suture. The hardness of
the camponents also should be factored into the design. The profile selected is
preferably easily molded on the plug with the mold pulling off in the correct fashicn,
The inner ring detail becomes lass of a challenge with i use of a spiral rib that
allows the mold pin te be unthreadsd, Optionally, 2 proximal stop 94 can be

emploved to limit distal advancement of the plug absent plug locking ftabs B3, In the
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embediment shown in FIG. 131, plug picjection 69 and plug cavity 61 are shown
having mating convex end soncave domad surfages, respectively.

Referring to FIGS. 134-138, the distal end of a double pusher suture clip
delivery and locking catheter is shown generally as 1. Cathater distal end 1 1s
comarised primarily of a collst cage 2 to which the other components of distal erd 1
are altached. Collet cage 2 is essentially a cylinder withh two or mare coliet fingers 4
extending distally from a distal end of collet cage 2. Extending radially inwardly from a
distal end of each coliet finger 4 1s & collet finger flange B that functions as a stop to
arrest distal advancement of a suture clip loaded into collet cage 2. The combination
of the distal end of coliet cage 2, coliet fingers 4 and distal flanges 6 define a cage
within which the components of a suture clip are releasably encapsulated for delivery
to & sutured tissue site. The cage further functions to align the suture clip componants
for assembly.

Ina preferred embodiment, collet finger flangas & have radiused outer distal
edges 8 to minimize trauma {o a patient and radiused inner distal edges 10 to sase
laading of suture clip compenents. In a preferred embodiment, outer distal edges §
extend radially outwardly beyond outer collat finger walls 14 to function as a stop for
an outer sliding sleeve 30 described below. Inner proximal faces of callet fingsr
fanges 6 are eriented 1o a longitudinal axis of collet fingars so that a plane occupied
by flange proximal surfaces 18 forms an angle from about 95° to about 135° and
preferably either 135° or 90 witr $0° being the most preferred to maximize the
stopping function.

Finger slots 12 are formed between and defined by collet fingers 4 and function
as @gress ports for sutures threaded through the componenta of a suture clip loatded
into the collet cage. Preferably, collet fingers 4 are biased in an open position 50 that
radial force need only be applied to move the fingers fram an open, suture clip
loadingireteasing position to a closed, suture clip confining position. Alternatively,
finger collets 4 can be biased in a closed pasition,

Formed on an inner wall and toward the proximal end of collet fingers 4 are
ramps 16 that taper radially inwardly from proximal to distal ends. Ramps 16 function
as gam surfaces that when engaged with a pusher, as described helow, cause caliet
fingers 4 to apen. The distance betwean a proximal face of collet finger fangss § and
the most distal point of ramps 16 is set to sccommodate at least one sef of
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unassembled suture ¢lip components, This distance can be modified to receive the
components for multiple suture clips.

Sfuated within a hollow chamber defined by the Inner walls of collet cage 2 fs
an outar pusher 20 that fresly slides within collat cage 2. Pushar 20 is graferably a
hollow cylinder, A distal end 22 of outer pusher 20 is formed with a taper on the
outside wall of pusher 20 that preferably conforms to and mates with the angle formed
by ramp 18 Distal advancemant of outer pusher 20 engages pusher distal end 22
with ramp 16, As outer pusher 20 sfides distally along ramp 16, collet finger 4 is
forced open. Quter pusher 20 can be used with efther a callet finger that is biased in a
closed position or an open positiorn.

Sitvated within the haltow chamber formed by the walls of outer pusher 20 is
cylingrically shaped inner pusher 24. Inner pusher 24 slides freely within outer pushar
20. Inner pusher 24 is dasigned to angage a head of a suture plug situated in the
callet cage. Distal advancement of inner pusher 24 engages the suture plug and
drives the sufure pluy distally into a suture clip ring. Collet finger flanges & funclion as
a stop for the suture ring so that the distal axisl force appllad causes engagement of
the suture cfip components,

An inner pusher hore 26 is formed in inner pusher 24 and extends from a peint
proxitmal to the distal end of inner pushet 24 proximally through and out a proximal
end of inner pusher 24. Inner pusher bore 26 provides a chamber for receiving a wire
(nat shown) that is used to apply axial force to inner pusher 24. Use of a wire
pravides adequate force to accomplish suture olip assembly and allows for flexibility
over the length of the catheter.

Situated in coaxial relationship with and Tresly sliding about collet cage 2 is
outer sliding sleeva 30 that periorms at least two functions,; providing radial force
against coligt fingers 4 to maintain the fingers in a closed position during suture clip
delivery to a tissue site to minimize potential trauma that could be caused by open
coliet fingers and providing a means to sever the tail ends of a suture that has been
securad with a suture olie. Yhen advanced distally, sliding sleeve 30 encompasses
coliet fingers 4 and restricts radial movement of the fingers regardless whether the
fingers are biased in an open or closed position. In this pesition, sliding steeve 30
prevents ouler pusher 20 from prematurely apening the callect.
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When proximally retracted, sfiding sleeve 38 severs directly or cooperates with
nther camponents ta sever suture material proximaf to a cinched sufure ¢lip. Inone
embodiment, a distal end of suture slof 34 engages the suture and carries ff toward a
distal end of the hody of collet cage 2. When the distal end of suture slat 34 travels
past the distal end of the body of collet cage 2, the suture is severad. In anather
embodiment, sliding slesve 34 interacts with a fixed cutter 42, described below, fo
sever the suture tail ends.

At least ane suture slot 34 is formed toward a distal end 32 of sliding sleeve 30
to provide egress far excess suture material that typically extends beyond the orifice
through which the catheter s inserted. it is important that finger slots 12 and sufure
slots 34 are at least partially aligned to allow & path for excess suture material to axit
the suture clip delivery device. To accomplish alignment, an afignment sict 36 is
formed preferably near a proximal end of sliding siesve 30. An alignment pin 40 is
affixed {0 coliet cage 2 and dimensioned to freely siide within alignment slot 36. The
length of alignmant slot 38 limits the proximal and distal travel of sliding sleeve 30
Alignrent pin 40 is positoned on collet cage 2 and alfignment slot 36 is pesitioned in
sliding sleave 30 such that at least one finger slot 12 and suture slot 34 are aligned
along their longitudinal axes. Praferably two diamelrically opposed sets of finger slots
12 and suture slots 34 are provided to allow egress for each end of a suture.

An eptional featurs of the presently deseribed embodiment is a fixed cutler 42,
Cutter 42 is preferably 8 metallic ring formed about and affixed to collst 2 that has a
distal edge 44 that is sufficiently sharp fo sever suture material. The ring is used for
embadiments that are preferably injection molded. However, the use of filled or
snginsersd plastics can be used to obviate the need for fixed cutter 42.

For the double pusher embadiment, & pistol grip control handle, weil known in
the: art, is used to manipulate the various sliding components of the catheter. As
shown in FIG, 138, pistol grip control 80 has three control surfaces for advancing and
retracting the inner pusher 24, the outer pusher 2¢ and the outer sliding sleeve 30. A
first contral knok 52 and 2 secend contrel knob 84 are coaxially arranged at 2
preximal end of pistol grip 50 and operate inner pusher 24 and outer pusher 20,
respectively. A third cantrol knob 6 extends {rom a top surface of, and in the distal
end of, pisto! grip 80. Third control knob 56 is connected to and operates outer sliding
sleeve 30
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The first control kneb 52 Is connected to inrer pusher 24 via a wire {not shown)
that is preferably 0.030 inchae in diameter and that fits within ang frictionally sngages
the walls defining inner pusher bore 26, The second centrol kneh 84 is connected to
outer pusher 20 via a first hypotube (not shown} coaxially arranged about the inner
pusher wire and that is preferably 0.042 inches in diameter. The pistol grip cantrol 50
is attached to the catheter distal end 1 (the collect cage assembiy) by a second
hypotube 3 that is preferaily 0.060 inches in diameter and coaxially amanged about
the first hypotube. The third control knob 54 is attached fo sliding sleeve 30 via a third
hypotube (not shown) that is preferably about 0.065 inches in diameter and coaxially
arranged about the segand hypoiube. Bushings between the hypotubes are provided
in the collst cage assembly to seal the assembly and do not form a part of the
invention. Preferably, the outer diameter of the catheter distal end 1 i 0.067 inches
when all the components are assembled. This ensures a wide application of use for
the irvention.

Tq load suture clip cormponents 1n the double pusher embodiment, first cantrol
knob 82 and third control knob 56 are placed in preximally retracted pesitions. If coliet
fingers 4 are biased in an apen position, secend control knob 54 can also be placed in
a proximally refracted position. Otherwisa, second control knob 54 is placed in a
distally advanced position to opan collet fingers 4 by causing distal end 22 of outer
pusher 20 to engage ramps 16.

With collet fingers 4 arranged In an open pasition, ends of a suturs 80 that has
heen ysed to stitch tissue in the internal reglons of an individual are threaded through
a sulura clip ring and into thread apertures formed in 2 suture clip plug. The suture
ends are then fed through either the same or separate sets of finger slots 12 and
suture slots 34 50 that the ends of the suture are arranged extemal to the suture clip
delivery catheter. The suture clip plug is then placad in a proximal end of the collet
cage and the suture clip ring is placed in & distal end of the collet cage where the ring
preferably engages at least ong of the collet finger flanges & to prohibit distal travel of
the ring. Itis to be understood that the collet cage can be sized to accommodate a
plurality of suture clip plugs that can be stacked for deploymeant into suture olip rings
that must be loaded one per suture clipping procedure.

Ag shown in FIGS. 140 and 141, with the suture clip components lcaded,
secondg control knob 54 is retracted if previously advanced, and third controi knob 56
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is distally advanced so that outer sliding sleeve 30 engages and applies a radially
constraining force to cellet fingars 4 te maintain the fingers in a closad positien during
insertion of the cathater into a patient. In this configuration, catheter distal end 1 is
advanced to the suture-clipping site in & patient. .

To operate the double pusher embodiment, first contral knob 52 is distally
advanced so that inner pusher 24 engages the suture clip plug and forces a distal
shaft of the plug into the suture llp ring. The frictional engagement of the suture ¢lip
plug to the suture clip ring captures the suturs 86 via frictional engagsment as shown
in FIG. 142. The advancement of inner pusher 24 alse causes the suture clip
components to be cinched In close proximity to the stitched tissue. Once the plug has
been secured to the ring and the assembled sutura clip cinched to the stitched tissue,
third contrel knob 86 is refracted to release the radial force appiied to the collet fingers
4 by slicing sleeve 30. The proximal refraction of sliding sleeve 30 also causes a
distal and of sutwe slot 34 to engage suture 88 and carry it proximally toward either
the sharp distal end of the collet cage 2 or the distal edge 44 of fixed cutter 42 as
shown in FIG. 143. When the distal end of suture elot 34 passes proximally bevand
either the distal end of the collet body or distal edge 44, the suture is severed proximal
to the assembled clip as shown in FIG. 144. The severad ends of the suture can then
be puiled out of the individual.

If collet fingers 4 are blased In & closed posiion, second contrel kneb 54is
distally advanced to ramp open the collet fingers to release the assembled piug as
shiown in FIG. 145. Once the suture clip has been released as shown in FIG. 146,
second gontrol knok 54 is retractedt and third control knob 56 is advanced to place
callet fingers 4 in a closed pasition to reduce the potential for travma when the
catheter is removed from the individual,

In an aiternate embodiment, auter pusher 20 is eliminated as shown in FIG,
147. Oplional fixed cutter 44 is also not present in FIG. 147, [n this alternate
embodiment, collet cage 2, cuter sliding sleeve 30 and inner pusher 24 are configured
the sarme as with the double pusher embodiment. Ramps 16 formed on the inner
walls of the collet fingers can be eliminated. Ta ramp open the collet fingers, the
praximal surfaces of the collet finger flanges 6 are preferably provided with a taper
that increases radially inwardly fromi a proximal to a distal end and that preferably
forms an inclusive angle with the bady of the associated collef finger of preferably
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from about 128° to about 135° to perform the cam function of ramps 16. Like the
double pusher embadimant, sliding sleeve 34 is maintained in a distally advanced
rosition to radially constrain cellet fingers 4 while inner pusher 24 is distally advanced
to secure the suture clip compenents and cinch the assembled suture clip o the
stitched tissus.

When inner pusher 24 is proximally advanced, a distal edge of the suture clip
ring engages the beveled surfaces of collet finger flanges 6 the combination of which
generates a ramp opening force against the censtrained collet fingers 4. Proximal
retraction of sliding sleeve 30 allows finger collets 4 to return to their pre-biased open
positions and severs the ends of the suture in the same manner as with the double
pusher embodiment. The ramp opening force generated by inner pusher 24 can aig
the opening process and facilitate release of the assemblad suture ciip. As with the
doubte pusher version, siiding sleeve 30 is again distally advanced to constrain collet
fingers 4 for removal of tha catheter from the individual. Essentfally, eliminatiory of
outer pusher 20 reduces the three-step process of the double pusher embadiment to
the two-step process of the single pusher embodiment.

Ancther embodiment of the single pusher system employs ramps 16 with or
without the tapered coliet finger langes 6. In this emboediment, the caollet cage
assembly is used with a suture clip that is comprised of a ring 60 and a plug 62 having
a head 64 with a chamfered sdge 66, as shown in FIG. 148, that engages and mates
with ramps 18 lo ramp open finger collets 4 when the plug is distally advanced. This
canfiguration is applied particularly with collet fingers that are biased in a closed
positian.

In a further collet cage assembly embodiment, the need far resilient collet
fingers is eliminateg as shown in FIGS. 165 — 171. Refering to FIGS. 165, 166, 168
and 172, collet cage 2 has a collet cage bady 2a with axially oriented finger slots 2k
{shown In FIGS. 170 and 171), dimensicned to receive pivot collat fingers 4a. Formed
in a sidewall of collet cage hody 2a are coliét pin apertures 4d {shown In FIGS. 170
and 171), adapted to receive collet finger pin 4¢. Coallet pin apertures 4d are formed
on efther side of each finger slat 2a and are afigned in pairs ta receive rod-shaped
collet finger pin 4¢. Formead in the bedies of pivat colist fingers 4a are finger apertures
4e alse adapied to receive coliet finger pin 4¢. Pin 4¢ is secured within coilet pin
apertures 4d via ficlion fit, adhesive or mechanical manipulation of pin 4c to cause
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the cold flow of material at the ends of pin d¢. The materials used for collet cage body
23 and collst fingers 4a describad harsin provide sufficient lubricity to allow for the
free retation of collet fingars 4a about pin 4e.

Pivct collet fingers 4a have the same distal finger flanges 8 with beveled inner
surfaces to provide a temporary axial stop for the suture ¢lip compenents as deseribed
for the resilient collet finger embediments. Coilet fingers 4a have proximal ends 4F
dimensioned so that shortest distance between two opposing collst fingers 4a is a
dimension D. The Fansition betwsen proximal ends 4f and the main bedy of fingers
4a forms a shoulder 4h positioned preximal ta the paint of cennection to pin 4¢. In
this configuration, collst fingars 4a acts as dogs that are radially constrained in a
position parallel fo a ceniral longitudinal axis of collet cage bedy 2a via @ temporary
radial constraint. A radially extended distal end of pusher 24, plug head 64, plug 62 in
headless embodiments, or sther components can act as the source of the radial
constraint by virtue of having diameters that are just slightly less than distancs D.

Restraint is accomplished, as shown in FIG. 165, when the restraining
companent {plug head 84 in FIG. 185), is pesitioned o contact collet finger praximal
ends 4§ in a pre-cinched condiion. Once the restraining caomponent is advanced
distally past proximal ends 4f, as shown in FIG. 167, the suture clip componetts, i.6.,
plug 62 and ring 60, are cinched and colist fingers flanges 6 are free 1o ratate radially
outwardly to release the cinched sufure olip, As with other previously described
embodiments, the same distal advancement of pusher 24 causas a suturg (not
shown) to be severed proximal to the suture clip componants. With the pivoting collet
fingers, shding sleeve 30 can be eliminated, If desired, because radial restraint is
provided Internally. :

Shown in FIG, 169 is an alternate embodimant of the piveting collet finger
design that eliminates the need for pin de and any potential problems with wall
thickness and remeval of cross-sectional area inharent when forming finger apertures
4e in pivot collet fingers da. A pivot ring 30a Is secured to the exterior of collet cage
body 2a at a peint aleng the length of pivot collet fingers 4a. As with the previously
described embediment, radial constraint is provided by pusher 24, piug 62 or by some
othar component when the system is in a pre-cinched conditiorn. Once the
oonstraining component is advanced distally past collst finger proximal ends 4f, pivet
collet fingers 4a pivot about a distal edge 30b of pivot ring 30a such that collet finger
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flanges & rotate radizlly outwardly to allow the releasze of the cinched suture clip
somponents.

In z preferred embadiment of the single pusher system, the entire collet cage 2
is miniaturzed to allow for collet cage 2 and the attached hypotubes to fit within the
working channsl of an endoscops. The miniaturized collet cage 2 and a control
handie 8D for the collst cage are shown In FIGS. 157, 163 and 164. Preferably, the
outer diameter of colled cage 2 is abouf 0.084 inghes and the length is about 0,42
inches to easily accommodate the space available in the working channel of an
endoscope (typically betwasn about 0.110 and 0.115 inches) and mors particularly to
enable negotiation of the 43° hifurcation that is typically focated toward the distal end
of an endoscope.

Coliat cage 2 is connected to control handle 90 via a collet cage hypotube 3.
Preferably, hypotube 3 is laser welded to coflel cage 2. A proximal end of collet cage
hypotube 3 is atisched to a collet cage handle bushing 100. Bushing 166 is used o
allow for laser walding of hypatube 3 to a collet cage handle 98. Collet cage handls
98 parforms the function of orienting the axial relationship of collet cage 2 ta the two
axially moving components, sliding slaeve 30 and pusher rod 94 (pusher 24).
Situated about collet cage hypotube 3 is sliding sleeve hypoluibe 3a. A distal end of
lypotube 3a is aftached via laser welding to sliding sleeve 30 and a proximal end is
altached to a sliding sleave bushing 104. This enables hypotube 3a to he laser
welded fo a sliding sleava handle 102. Sliding sleeve handle 162 is usad to control
axial ranvement of sliding slesve 30 relative to collet cage 2. To increase the (ubricity
of the system for ease of delivery through an endoscope, an outer sheath 3b
(preferably made from polyetherblockamide tubing, white (2% TiO7)) is adhered to
sliding sleeva hypotube 3a with an adhesive such as Tra-Bond® #FDA-2 epoxy.

Provided within collet cage hypotube 3 is pusher rod 84. As described above,
pusher rod 94 (inner rod 24 in other embadiments) is used to ¢ineh plug 62 inta ring
60. A proximal end of pusher rod 94 is secured o an interiar bere of a cinch handle
insert 96 via pins or sarews 107 and helicoils 108 shawr in FIG. 164. An exterior
surface of cinch handle insert 86 is securad via pins or screws {not shown) fo cinch
handle 82,

The preferred materials used to make the various collst cage 2 and contral
handle 90 components are as follows. Collet cage 2, sliding cutter slesve 30,
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alignment pin 48, inner rod 24, sliding sleeve bushing 104, cage handle hushing 108
and cinch handle insert 86 are made from either 2041 or 2161 stainless steel. Pusher
rod 84, collet cage hypotube 3 and sliding sleeve bypotube 3a are made from 304
stainless steel. Sliding sleeve handle 102, collet cage handle €8 and cinch handle 92
are made from Delrin®. To enhance the distinction among the three handles, each
¢an be made from a different color of Delrin®. For example, siiding sleeve handie 102
can be red, collet cage handle 98 can be white and cinch handle 92 can be black.

In ar aliernate embediment, control handle 90 can be provided with springs to
ensure that the proper orientation of the maving parts is maintained hefore and aftar
the defivery and cinching of the suture clip components. First return spring 105
provides an axial ferce that maintains pusher rod 94 in a proximal position while
second return spring 106 provides an axial force that maintains sliding cutter slaeve
30 in a distal position. The springs are selectad to provide encugh tension to maintain
the pusher rod and sliding cutter sleeve in staring positions when advancing and
retracting the suture clip delivery device. This provides desired pratection to an
endescope that could potentially be darmagsd if callet fingsrs 4 where allowed to
remain [n radially extended positions when advancing or retracting the delivery device
in the endoscops. The springs are further selected so that the manual forces needed
ta overcome the springs to advance pusher rod 94 and to refract sliding cutter sleeve
30 are within acceptable ranges.

In a further ernbodiment shown in FIGS. 159 - 182, a conirol handle 90'
provides a means of cinching the suture clip components, releasing the cinched
suture clip and severing the suturs tails with a single action. In this embodiment, a
handle maln body 9Ga extends distally and terininates as collef cage 2. An oufer
handle sleeve 90b is provided about main body 90a, extends distally and terminates
as siiding sleeve 30. To secure plug 62 inic ring 6G, = distally directed force is applied
to cinch handle 92" to overcome the force of second return spring 106 which has an
axial pre-bias ioad in tension. Distal advancement of cinch handle 82 relative to
handle mair body 902 causes secend return spring 106 to engage a proximal end of a
ramrod 24a and cause the distal advancement of ramrod 24a info & proximal end of
pusher 84. Distal advancement of pusher 94 causes engagement and distal
advancement of plug 2. Second return spring 106 is of sufficient resilisncy to resist
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compression while moving ramrod 94a distally to effectuate the insertion of plug 62
into ring $0.

A rastraining force to hofd outer handle sleeve 90k and sliding slesve 30 ina
staticnary position relative to advancing ramrod 94a and cinch hangle 92 is provided
by & user's fingers engaged in finger rings 5a, mounted to a proximal end of cuter
handle sleeve $0b. Spring plunger 30a provided at the proximal end of outer handle
sleave 80b, engages cutout 30k formead in hanale main body 30a to temporarily ieck
outer handls slecve 90b and main body 90a together during distal advancemernt of
ramrod 84a. Spring plunger 30z, biased in a radially extended position by a plunger
spring 38d, remains exiended and in a locked position with respect to main body 90a.
Plunger spring 30d have an axiel pre-bias load in tension. Spring plunger 30a may he
compressed only when the distal angular face 18&a of cinch handle 92 has advanced
distally to a point of tangency with angular face 19 of spring plungers 30a. Distat
movemant of the distal angular face 18 drives spring piunger 30a in a direction
perpendicular to the central axis, a distance equivalent to the thickness 20a of the wall
af citieh handle 82, At this point, the restralhing forces provided by the user's fingars
{in a proximal direction), acting on main body 90a through finger rings 5a, have been
restrained. The {ocking action of spring plunger 30ais an interaction of a radial
surface 22a with pusher face 21. Alignment of angular face 1% with angular pusher
face 21 results in continued radial outward mation of spring plunger 30a with the
continued distal motion of main body 90a.

Main body 90a continues distally with the application of palm pressure an cinch
handle 82 and the relative opposite motian of finger rings 5a (proximaily}. Suture 80
(nat shown), iving I a path of sliding sleeve 30 is severad with the proximal travel of
sliding sleeve 38, Collei fingers 4 are now unrestrained and assuma their biased
open position releasing cinched plug §2 and ring 60.

In the mos{ refracted stage of sliding sleeve 30 and finger rings 5a, a second
spring plunger 23 drops info a second cutout 30c. Second spring plunger 23 is
maintained in a compressed state via second plunger spring 30e. Sacond plunger
spting 30e has an axial pre-bias load in compression. Second spring plunger 23
remaing in second cutout 3¢¢ only with the application of a force by the user's thumb
on the most gutward &nd of second spring plunger 23. This temporary lecking feature
is provided to maintain sliding sleeve 30 in its most praximal position to allow for
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loading of plug 82 and ring 60 as desoribed in defail herein. Release of the holding
prassure automatically releases sliding sleeve 30 to affect a closure of the delivery
system.

To operate this embodiment of the suture clip defivery syatem, fallowing the
Inading of a suture clip assembly and the threading of sutures through ring 60
described below, the entire delivery device is advanced through the endoscope 1o the
autured tissue site. Next, cinch handle 82 is advanced toward collet cage handie 88
to cinch plug 82 into ring 60 so that suture 8¢ is captured batwean the mating surfaces
of a plug distal shaft 88 and the inner walls of ring 60. Following completion of the
cinching step, sliding sleeve handle 102 is refracted toward collet cage handle 98 to
simultaneously sever the unused ends of suture B0 and to allow collet fingers 4 1o
spring open and release the suture ¢lip assembly. To complete the progedure, the
suture clip delivery system [s parfially retracted so that the suture clip is clear of the
delivery system distal end. Prior to full retraction, siiding sleeve handle 102 is
advanced to move collet ﬂngersé.t into a closed position to allow for the full retraction
of the suture clip delivery system out of the endoscope. With the spring embodimant
af the handle (FIG. 164), release of the users’ arip on sliding sleeve handie 102 allows
first return spring 105 to relax thereby advancing sliding sleeve handle 102 and sliding
cutter sleeve 30 to a preferably fully advanced position.

The suture clips used with the suture clip delivery catheter andfor endoscopic
system described herein, have plugs with heads. In encther embodiment as shown in
Fi. 148, plug 62 has distal shaft 68 that is adapted to frictionally engage ihe inner
wals of ring 60 and a head 64 that has preferably two suture receiving bores 70
formad toward the parimetar of the head 64, This configuration provides a sutura clip
plug that decreases the sffort needad to advance the plug over the ends of a suture
before loading into the suture cfip delivery device.

In a preferred embadiment shown in FIGS, 158152, the inner and outer walls
of ring 60 are radiused at the ends 74 to facilitate the insertion of distal shaft 68 into
ring 60. More importantly, the radiused ends provide sfrain refief for the sulures 88
when compressed batween the plug 62 and ring 60. To further fadilitate insertion,
distal shaft 68 is formed with a tapered distal tip 72, Alternatively, a reduced neck
distal tip 72a can bs smployed as shown in FIG. 153, Although intetlecking features
can be incorporated inte e plug and clip compenents, it has Been found that such
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features can lead to suture fraying, premaiure fracturing and failure. Use of tapered or
reduced tipped plugs 62 allow for a preferred gradual reduction in compression. It has
been found that sufure capture is oplimized and suture destruction is minimized when
3 distally decreasing taper leading end is used on plug 62 with a proximally increasing
diarmneter of plug 62 to exceed tha net diameter of the suture 80 in a captured state
plus the diameter of plug 62 by at least .002 inches. The preferred materiais used fo
make plug 62 and ring 60 are polyetherether ketone (PEEK) 450G, PEEK-Optima ™
LT or polyathylens terephthalate (PET}.

As previously stated, suture 82 is held via friction between plug 62 and ring 80.
For example, a .002 inch thick suture is captured in a .003 inch gap between plug 62
and ring 60 so that the suture will remaiin captured with the application of a three
pound load. The aforementioned radiused and tapered surfaces of plug 62 and ring
&0 provide engugh strain relief to prevent damage to suture 80 when subjected to the
three-pound [oad.

A further suture clip embodiment employs a head with a proximal strface that
is convex as shown in FIG. 148. Preferably, the distal end of inner pusher 24 is
provided with a concave surface to matingly engage the convex surface of plug heed.
‘This ¢onfiguration aids with the axtal alignment of the ring and plug during distal
advancement and engagement.

Te lpad the suture clip assembly into collet cage 2, & suture ¢lip loader device
1@ is provided as shown in FIGS. 154-156. |oader device 110 comprises a loader
housing 112 that is substantially eviindrical in shape and a plungar 114 that is also
substanfially cylindrical in shape. Loader housing 112 has a collet cavity 116 formed
in a first end $18 that is dimensioned to receive caollet cage 2. Collst cavity 116 has a
cavity end 120 tapered to facilitats insertion of collet cage 2. Formed on diametrically
opposed surfaces of a sidewall of foader housing 112 are finger grooves 122 that
pravide a stable holding surface for manipulating loader housing 142 during a suture
clip loading procedura. A loader hypaotube 124 is secured with an adhesive 126
(preferably cyanoacrylate Loctite® 4013 or 4014} to a loader hypofube shouldar 123
and a bore formed aleng the longituding! axis of loader housing 112, Loader hypotube
124 extends from a second end 430 of icader housing 112 to at least partially within
coliet cavity 116 and bs dimensicned ta recsive at a distal hypotube end 125, the
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tapered distal tip 72 of plug 62. A fransverse groove 128 s formed proximal to second
and 120 of loadar housing 112, The function of groove 128 will be discussed below,

Plunger 114 comprises a plunger head 132 and a plunger rod 134 secured via
friction fit or adhesive in a bore formed along a lengitudinal axis of plunger head 132,
Plunger red 134 s sized fo freely slide within hypotube 124, Exiending from a first
plunger end 136 of plunger head 132 is tab 138, A top surface of tab 138 is contoured
likg, and coplanar with, the outer surface of plunger head 132 while a bottom surface
is substantialy fiat and oriented substantially perpendicular to first plunger end 1386.
Extending downwardly from a distal end of tab 138 is a flange 140 that is shaped to
conform to the shape of groove 128. Optionally, plunger head 132 can be formed with
a radiused second plunger end 142 for ease of handling.

The cross-sectional diameter of plunger head 132 is sized so that the distance
between the bottom surface of lab 138 and the most distant peint on the cross-
sectional oircumference of plunger head 132 is substantially equal to the cross-
sectional diamster of loader housing 112, When plunger rod 134 is inserted into
hypotube 124, the bottom surface of tab 138 rides along the outer surface of Inader
housing 112. Because flange 140 extends below the hotiom surface of tab 138,
advancement of plunger 114 toward loader houzing 112 results in flange 140
engaging groove 128 and tamperarily locking in the distance betwaen plunger 114

-and loader housing 112, In this crientation, a distal end of plunger rod 134 dees not
reach distal hypotube end 125 so that plug 62 can be received in hypotube end 125,

The preferred materials for the suture clip loader device 118 components are
a5 follows. Plunger head 132 is made from Delrin® and is preferably white. Plunger
rod 134 is made fram 304V stainless steel. Loader hypotube shoulder 123 s made
fram 304 stainless steel. Loader housing is made from polycarbonate GE Lexan®
104-1111 and is preferably clear to allow for an unobsiructed view of hypofube end
125, Hypotuba 124 is made from polyetherether ketone (PEEK) 4500,

The operation of suture clip loader device 1190 is as follows. The process
bagins by placing ring 60 ovar hypotube 124. Next, tha distal fip 72 of plug 62 is
ingerted into hypotube end 125 until it s snugly secured to hypotube 124. At this
peint, plunger 114 is secured fo loader housing 142 via the engagement of flange 140
to groove 128,
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With collet cage 2 extending from the distal end of an endoscope, sliding
sleeve 30 is retracted ta allow collet fingers 4 fo spring inta an open position. Collet
cage 2 is advanced over hypotube 124 and ring 60 until the distal end of collet cage 2
gngages & bottom of collet cavity 116. Qnce the suture clip components have been
correctly encapsulated by collet fingers 4, force is applied to plunger 114 to overcome
the locking engagement of flange 140 and groove 128, This enables plunger rod 134
o be advanced through hypotube 124 to contact and eject plug 62 into collet cage 2.
Proper sjection is assured when first plunger end 138 contacts second end 130 of
lvader housing 112. To capture ring 83 within collet cage 2, sliding slesve 30 is
advanced to mave collet fingers 4 into a closed position about ring 60 and hypotube
124. Collet finger flanges ¢ engage a distal face of ring 60 so that retraction of collet
cage 2 fram hypotube 124 results in ring 80 belng retracted off hypetube 124 and
secured within the distal end of collet cage 2.

It is imporiant that plug 62 is mainfained in the proximal end of collet cage 2
and that ring 60 is maintained in the distal end of coliet cage 2. This is required to
enable sutura 80 to be threaded through ring B0 prior to cinching and final deploymeant
of the suture clip assembly.

The next step in the procedure is to thread sutures previously secursd to tissus
through: ring 60. To perform this procedure, a threader or suture loop tool 150 is used.
As shown in FIGS. 173-175, threader 150 comprises a threadsr housing 152 that is
substantially cylindrical in shape and preferably made from polycarsonate GE Lexan®
104-1141. Formed on diametrically opposed surfaces of & sidewall of threader
housing 152 are threader finger groaves 160 that provide a stable holding surface far
manipulating threader hatising 152 during a suture threading procedure. Affixed to a
nore farmed along the longitudingl axis of threader housing 152 is suture locp
hypatube 154, An adhesive 158 such as cyanaacrylate Loctite® 4013 (clear) is used
to secure suture loop hypotube 154 (preferably made from 304 stainless stesl), to
threader housing 152. A suture loop 166 preferably made of two thin 304y stainless
steel wires is secured inside suture foop hypotube 154 and extends beyond a distal
and 162 of suture loop hypotube 154, A suture ioap distal end 164 is formed into a
diamond shape by overapping the stainless sieeiwires. Preferably, a tip of the suture
loep distal end is formed by overlapping the wires af least twice.
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To thread suture 80 through ring 60, suture loop 156 of threader 180 is inserted
into suture slot 34 of sliding sleeve 30, advanhiced through ring 60 and through the
distal end of collet cage 2. Suture BO is inserfed inte the diamond-shaped suture lcop
distal end so that it engages and preferably becomes entangled with the intertwined
distal tip of suture loop distal end 164. To thread suture 86 through ring 60, threader
150 Is retracted out of suture slot 34, Suture 80 is then removed from threader 150.
The suture clip assembly s now ready for cinching and deployment as described
above.

In an alternate embodiment, threader 150 comprises a vacuum-actuated nozzle
150' made from a pfiable palymeric or elastomeric material. As shown in FIGS, 176
and 177, & nozzle head 17¢ is formed at the end of a vacuum hose 168 and adapted
to conform to the contoured shape of collet cage 2. A proximal end of vacuum hose
168 {not showny) fs attached to a vacuum source {not shown). In 2 further
embodiment shown in FIGS. 178 and 179, nozzle head 170 is formed with nozzle ears
170" that preferably extend about and beyond collet cage 2 te enhance the ease with
which the nozzle head can be secured against suture slot 34, =gain with sither finger
or forceps pressure.

To operate nozzle 150", hozzle head 170 is maintained against suture slot 34
with either finger pressure or pressure exerted with farceps while a vacuum is applied.
The vacuum draws suture 80 through ring 60 and out of collet cage 2 via suture slot
34. The vacuum is then released, nozzle head 170 is removed from collet cage 2 and
suture B0 is grasped and pulled a desired amount through ring 80 and callet cage 2.

it should be understood that the foregoing description of the invention is
intended merely to be illustrativa thereof and that other modifications, embodiments
and gquivalents may be apparent to those who are skilled in the art witheut departing
from its apirit. Having thus desaribed the invention what we desire to claim and
sacure by letiers patent is:
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Claims

1. A suture clip delivery catheter comprising:

a confrol ha;ndle;

a collet having a body and a plurality of collet fingers extending from a distal
&nd of the body;

& hypotube connecting the control handle to the collat;

an outer sleeve situaisd coaxially about the collet such that the sleeve fraely
slides along a Iongitudinal axis; and

a pusher situated coaxially within the collet that freely slides along a

lengitudinal axis of the delfivery catheter.

2. The catheter of claim 1 wherein the plurality of cofiet fingars further comprise
flanges extended radially inwardly from a distal end of each of the plurality of collst

fingers.

3. The catheter of claim 2 wherein at least one of the plurality of coliet fingers has
a ramp formed on an inside wall that tapers racially inwardly from a proximal to a
distal end such that the combination of the collet fingers, ramp and flanges define a

suture ¢lip cage.

4, The catheter of claim 2 wherein the flanges are radiused an outer and inner
distal edges.

5. The catheter of claim 1 wherein each of the pluratity of collet fingers has

sidewalls that define finger siots.

& The catheter of claim 5 wherain the outer sleeve has porfions defining af lzast

ane suturs slot situated proximal to a distal end of the sleeve.
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7. The catheter of claim £ wherain the sleeve has further portions defining an

alignment slot situated proximal to the suture slot.

8. The catheter of claim 7 wherel the callet has an alignment pin farmed on an
auter callet wall adapted ta engage and slide within the alignment slot such fhat at

least ane of the finger slots radially aligns with the sutwre slot.

9. The cathater of claim 8 wherein the at least one finger slot longitudinally aligns

with at teast a portion of the sutura slot.

0. The catheter of claim 2 whereln a proximal face of the flanges forms an
Inclusive angle with a longitudinal axis of an atjoined collet finger of from about 907 to

about 135°.

11, Asuturs clip delivery cathater comprising:

a collet having a bedy and a plurality of collet fingers extending from a distal
end of the bady;

an outer sleeve sitvated coaxially abaut the sollet such that the sleave freely
slides along a longitudinal axis;

a first pusher situated coaxially within the aollet that freely slides along a
longitudinal axis; and

a second pusher situated coaxially about the first pusher and coaxfally within

the collet that freely slides along a longitudinal axis.

12, The catheter of claim 11 whereln the plurality of collet fingers further comprise
flanges exiended radially inwardly from a distal end of each of the pluraliiy of collet

fingers.
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12 The catheter of claim 12 wherein at least one of the plurality of collet fingers
has a ramp formed on an inside wall that tapers radially inwardly from a proximal fo a
distal end such that the combination of the collst fingers, ramp and flanges define a

suture clip cage.

14.  The catheter of clair 12 wherein the flanges are radiused on outer and inner
distal edges.

6. The catheter of claim 11 wherein each of the plurality of collet fingers has

sidewalis that define finger slots.

16.  The catheter of claim 15 wherein the outer sleeve has portions defining at least

cne suflre slot situated proximal to 2 distal end of the sleeve.

17, The catheter of claim 16 whersin the sleeve has further partions defining an

alignment slot situated proximal to the suture sloi.

18.  The catheter of claim 17 wherain the coliet has an alignment pin formed on an
cuter collet wall adapled to engage and slide within the alignment siot such that at

least one of the finger slets radially atigns with the suture slot.

19.  The catheter of claim 13 wherein the at least ons finger slot longinwdinally aligns

with at least a partion of the suture slot.

20, The catheter of claim 12 wherain a proximal face of tha flanges forms an
inclusive angle with a longitudinal axis of an adjcined callet fingar of from about 90° ta
abouf 135°
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21, The catheter of claim 13 wherein a distal end of the second pusher is tapered

to ratingly engage the ramp when the second pusher is distally advanced.

22, Amethod of defivering a sutura clip to a sutured tissue site comprising the
steps of:

providing & collet having a body and a plurality of collet fingers extending
distally from the body that define & suture clip cage;

praviding & pusher inside the coflet body in coaxial relation with the callet body:

providing a sliding sleeve in coaxial relation about the callat;

loading a suture clip plug having a proximal head and & suture ¢lip ring into the
suiure clip cage:

advancing the suture clip cage o a sutured tissue site;

advancing the pusher inside the collet cage and engaging the suture dlip plug;

engaging the suture clip plug with the suture dlip ring to create a suture olip;

refracting the stiding sleeve to release the suture clip,

23, The method of claim 22 further comprising the steps of:
praviding suture siats in the siiding sleeve for recaiving suture ends; and
threading ends of a suture through the suture slots and through the suture clip

plug and suture clip ring.

4. The meihad of cfalm 22 further comprising the steps of:

redracting the sliding sleeve ta sever the suture ends.

25 Amethod of delivering a suture ¢lip to a sutured tissue site comprising the
steps of:

praviding a coliet having a body and a plurality of collet fingers extending
distally fram the body that dafine a suture olip cage;
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providing a first pusher inside the collet bady in coaxial relationship;

praviding a second pusher situatad in coaxial relation about the first pusher and
within the collet body;

providing a sliding sleeve in coaxial relation about the collet;

lnading & suture clip plug having & proximal head and a suture ¢lip ring into the
suture clip cags;

advancing the sufure clip cage to a sutured tissue site;

advancing the pusher inside the collef cage and engaging the suture clip plug;

engaging the suture clip plug with the suture clip ring fo create a suture clip;

retracting the sliding sleeve to releass the suture clip.

28.  The methad of claim 25 further comprising the steps of:
providing suture slots in the sliding sleeve for receiving suture ends. and
threading ends of a suturs threugh the sufure slots and through the sutura clip

plug and suture clip ring.

27.  The method of claim 26 further comprising the steps of:

refracting the siiding sleave io sever the suture ends.

28.  The msthod of claim 27 comprising the further steps of.
advansing the second pusher to open the plurality of coflet fingers to release

the suture cfip.

29, Asuture clip lsading device comprising:
a [vading device housing with a hypotube affixed to a bors formed in the
housing and,

& plunger having arod dimensioned to slide freely within the hypatube.
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30, Anon-locking suture clip comprising:

a plug having 2 head and a shaft extending distally from the head, the shafl
having a first diameter and the head having a second diameter greater than the first
diameter;

a ring having an inner annular wall defining a through aparture extending from
a proximal to a distal end of the ring, the through aperture having an apertura
diameter greater than the first diameter wherein insertion of the shaft info the ring
aperture forms an axial vacancy between the shaft and the ring portions defining the

fhrough aperture.
31 The suture clip of claim 30 wherein the shaft has a taperad distal end.
32, The sufure clip of claim 3% wherain the shaft has a reduced neck distal end.

33, The suture clip of claim 30 wherein the axial vacancy is at least about 003

inches.

34,  The suture clip of claim 30 wherein the axial vacancy is no greater than about

.003 inches.

25.  The suture clip of claim 30 further comprising & suture situated between the
plug shaff and the ring wherein the suture has a diameter greafer than the axial
vacancy.

36.  Asuture olip assembly eomprising:

means for securing a suture.
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