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= sufured tissoe. The catheter or entlusenpit veesoms incorporate 1 colle cage with @ pluraliny of Texible collet Gryers har captivate
4 sure clip ting and a sutare ¢lip plug for assem bly with a suture. An awrer sliding sleeve vonstrains the vallet fngers when dis-
tally advanced to minimize potential rauma during delivery and assembly af the sutare chip 3n clase preximity to the stilched tssue,
Prosimal retraction of the sliding sesve ceuplal with the distal achancenent of a pusher mgainst cun suclaces on the e walls of

=~ the collet fingers causss the collet Brpers 1o open. The catheter is dzsigned 1w hold and assemble the smnrs clip in a first position and

= releae fhe souvrs elip and sever the surr ends proimal (o e sumre <lip ina second positian, Single pnshar fwa-sicp embadiments
and dowble prsher three-step emlodiments are disclosed, Sutare clip desians with plags having heads for nse with the sotme clip
debivery eaibuterane wlso discTusel. A sotere elip kaaelng deviee Wy loading suture ¢lip eampoments ints e deliver,

3 as a threader tor threading smures inin the sutars clip svstens are also disclased. A method of loadmg, deliverimg and deploying
suture clips is Further disclosed.
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-
SUTURE CLIPS, DELIVERY DEVICES AND METHGDS

Field of the Invention
The disclosed invantion relates ganerally ko devices ugad 10 secure sutures.

More parficularly, the invertion relates to sufure clips and suture clip delivery devices
used in conjunction with sewing devices used in flaxible endoscopy; though it is also
applicable to devices used in rigid endescopy.

Backqround of the [nvention

It is estimated that as many as 15,000,800 individuals in the United Stafes
suffer from stomach acid refiux into the lower esophageal region, comimanly referred
to a8 GERD (gastroesophageal reflux disorder). Althaugh the ilness may result from
a wide variety of causes, it is ultimately the failure of the cardiac sphincter located!
abave the stomach that enables & refiux event to occur. A surgical method developed
to reduce reflux episodes involves forming tissue folds in the walls of the stamach to
reduce the cross-sectional araa of the gasireesophageal juncture to mimic the
function of the cardiac sphincter. To perform these types of procedures, sewing
davices used to suture the stomactt wall into folds are used. The procedure typically
involves a fiber optic endascope infroduced into the lower esophageal area. A sewing
instrument is advanced down the working charnel of the endoscape that has an
aspiration port for generating negative pressure to suction stemach wall tissue into the
sewing instrument wheare one or more sutures are implanted 1o hold the suctioned
tissue in a folded condition known as a plication.

Sewing devices for this pracedure are described in, for example, GB-A-
2165589 and U 8. Pat. Mo, 5,080,663, According to these refarences, a sewing
device is used for passing a thread thraugh a tissue fold. The sewing device
somprises a hallow needle movable between z first pre-tissue penetration position
ang & second position in whish it passes through the tissue, with a thread carrier
adapted to be attached to the thread and being receivable within the hollow 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, far example, by means of suction. The
hollow needle is mountad for movemeni in the body betwsen the first and second
positions. In some versions of the procedure, a suture is inserted into the tissue with
a needls, the twe ends of which are fed back out of the patignt. Typically, z physician
fashioned a series of haif hitches to securs the suture to the subject tissue.

In other ermbodiments of the procedure, a tag attached to a distal end of the
suture and contained within a lumen of the needle is inserted intu and past the tissue.
With the needle in an advanced wosition, i.., with the needls distal tip extending
distally beyond the pierced tissue, a pusher forces the tag out of the needle. Afer
retraction of the needle from the tissue, the suture is retracted so that the tag contacts
the tissue. The tag functions as an anchor that enables the suture to be secured to
the tissue from the proximal end and also dispersas the farce applied to the tissus by
the suture o prevent teaning of the tissue. Such a device and procedure is described
in U.8. Patent No. 5,080,663 to Mils et al., the contents of which are incorperated
herein by reference.

One of the significant problems associated with these procedures s the time
and number of intubations needed to perform the various pracedures endoscopically.
Due to a number of concerns, a patient is typically anesthetized for no 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, sevaral
intubations are performed {o create several plications. As many as nine intubations
are required to create just one plication. This s the case when half hitches are used
to secure the suture. Each half hitch requires the hitch te be made qutside the
endoscope and then advanced down the endoscope with a pusher. Typically, six half
hitches are used per suture thus six intubations are needed {o secure the half hitches.
The tima neaded for each intubation substantially raduces the working time 1o
complete a GERD procedure,

One approach to solving this problem is disclosed in U.S. Patent No 5,554,85'1.

to Swain. The Swain patent discloses a suture clip and sufure clip delivery device that
fs used in place of half hitch knots. The disclosed suture clip is a cylinder with a plug
that can ba releasably secured in the cylindar. The disclosed suture clip detivery

device includes a fube, the distal end of which bas a recess for receiving the suture
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¢lip. An axially movable stinup is pravided af the distat end that has the capacity to be
moved from a first position that secures the suture clip to the tubs and a second
position that allows far the suture clip to be removed from the recess.

An aperture is provided in the cylinder to recsive the suture. The cylinder is
advanced over the suture that exits from a proximal end of the gylindar and enters the
fube. An aperturs in a sidewall of the tube provides egrases for the suture. The plugis
then advanced down the tube and into the cylinder. The interfacing walls of the
cylinder and plug capiure the suture. A pusher i3 used to force the plug into the
cylinder while the stirrup mainains the suture clip in the recess. Following plug
inserfion, the stirup, which is offset from the center axis of the tube, is advanced
distally from the distal end of the tube to release the suture clip from the tube.

Although five Swain device solves the problem of muitipie ha!f hitches, the
overall design of the device has certain drawbacks, First, to successfully join the
cylinder to the plug to form the suture clip, the stirrup must be physically maintained in
a retracted posttion while an opposing force fs applied with a pusher to the plug.
Second, the presence of the stirrup insvitably prevents the tube and therefore, the
suture clip frem being placed tight against the sutured tissue. This opens the
possibility for slack to develop between the clip and the tissus, which can potanttally
iead to a relaxation of the desired tissue fold.

Suture anchors or clips and the means to deliver and secure them are guite
common 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 common are metallic twist tie, staples and various forms of plastic or metallic
permanent or temporary mechanical means to prevent the suture from slipping
througit the tissue. As a result of their function, the clips are typically designed to be
large to avercome the stresses expecied of them. Disclosed are several single and
multi-componant suture clips as well 2s & variety of relatively simple compact suture
clip delivery devices that can be inserted into a natural hody onfice or through the
working channel of an endoscope fe cineh a sutura clip intg the desired positicn in
close proximity to or against the plication.

It is to be appreciated that the sufure clips and suture clip delivery devices
disclosed hersin have a potentially wide ranga of applications including, but not lintited
to, the attachment of devices, e.g., pH monitor to the gastrointestinal wall, the closure
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of perforations or ulcers and the creetion of anasternases. Ancather uzeful application
involves the use of radicpague clips as fluorascopic markers.

Itis an objei:t of the invention to provide & variety of suture clip designs that
effectively disburse the forces applied fo sutured tissue to prevent tearing. lkis a
further object of the invention fo provide a suture clip delivery device that eliminates
the need o manually apply apposing forces to canstruct a suture clip. Another object
of the invantion is te provide a suture clip delivery device that enables the user to
place the clip tight against the sutured tissue to eliminate or at ieast minimize any
slack development in the suture. A further abject is to provide a suture-savaring
device that severs suture ends proximal to the suture clip. A still further object is to
reduce the number of steps needed to assemble and cinch a suture ¢lip and sever the
excess suture material. These and other objects of the Invention will become
apparsnt from a reading of the following sections.

Summary of the lnvention
One of the suture clip delivery and locking systems described herein includes a

tocl designed 1o be atiached fo the distal end of an andoscape or catheter amang
other possibilifes. The toof has a body from which fingerike segments profect
distaliy. The finger-like projections are made of a material that allows the finger-like
projections to flex or spring from a first closed position 1o a second open position and
back to the firat posifion. The finger-like projections define a chamber within which a
suture clip is premounted or introduced by being advanced through the endoscope ar
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 &t a proximal end by
proximal tangs or cam followers that extend radially inwardly from inner walls of the
fingerike projections. A pusher, adapted to slide within the tool's body, is provided
having a head that is adapted t© mate with the cam follower o move the finger-like
projections to the second open position when the pusher is advanced distally in and
through the endoscope or catiater.

The suture clips described herefn are designed to allow the suture {o interwind
through the dlips in such a manner that the clips movs with minimal friction while in an
open position. In a closed position, the dlip captures the suture, by the increasead
friction. The suture passes proximally through the chamber betwean the pusher head
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and mating tang and then outward through @ lumen in the chamber and continues
proximatly outside the endoscope or catheter to the proximal end of the entirs system.
The user may thread a suture threugh a clip ang then toad the ¢lfp into the tooling.
The clip may, in certain designs, already be premounted and then require the final
advance by the physician fo the site. At the site the physician activates the handle to
apply a force to the clip, thereby locking it to the suture. The application of force first
secyres the clip and captures the suture material within the matlhg surfaces, and then
expels the clip from the tool to remain within the patient.

Suture clips disclosed herein include friction fit embodiments where the
sompanents of the dlips capture the suture with friction, alignabte finger embodiments
that involve unaligned rails with apertures formed in each rail that provide a tortunus
path for sufure engagement that captures the suture and cylinder embediments
including focking cap embodiments, locking inner red embediments, inner wedgs
embodiments, opposing syslets embodiments and wrapped cylinder embadiments
that capture the suture with s mating semicircular sleeve.

The present inventfon perfains to improvements to an endoscopic suturing
device such as that disclosed in 1 S. patent nos. 5,792,153 and 5,080 863, the
contents of which are incorporated by reference nerein in thair entirety. The improved
suturing device and metheds of the present application can ba used fo suture fissus
internally via an endoscope for & wide variety of purposes such as: attaching a feeding
tube to small infesting; clasing Intestinal openings in the case of a fisiyta, repafring
esophageal tzars and suturing tissue sites of localized bieeding. However, the
invention is especially ussful in the endoscopic suturing procedures to treat
agastrossophageal refiex disease (GERD).

Another embodiment of the suture delivering, locking and severing systems
described herein includes a muli-coaxial catheter with a three or four finger callet jaw
affixed at a distal end. The catheter has a distal end from which the cellact fingers
distally project. The collet fingers are made of a material such as stainlsss steel or an
enginearing grade of plastic that allow the collet fingers to flex or spring from a pra-
hiased first open position to a second closed position and back to the first position.
Alternatively, the collet fingers can be designed to flex or spring from a pre-biased first
closed position to a second open positian and back to the first position. The coliet
fingers define a cage within which a suture clip assembly is premounted. The cage is
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defined pruxih'lally by a distal end of the collet body and distally by flanges extending
radiaily inwardly from the distal ends of the collet fingers. The case is sized sc that &
plurality of suture cfip plugs can be preloaded into the cage along with a single sutura
clip ring. By biasing the ollet fingers in an open position, the need for cam surfaces
and cam followers is eliminated.

in one embodiment, a single pusher, adapted to slide within the catheter body,
is provided 1o engage loaded suture ¢lfp compenents and to disengage an auter
siiding sleeve thei is used to radially constrain the collet fingers into a closed position.
In another embediment, a separate controfl surface provided coaxially about the collet
cage is employad lo slide ths outer sliding slesve relative to the cotlet cage and the
pusher.

With any of the embadiments, the ouder sfiding sieeve is provided to secure the
cdllet fingers in a closed posifion when placed in a distally advanced position. The
outer sliding sleeve performs the additional function of savering the suture at a poirt
proximal o the suture clip after engagement of the suture upon proximal retraction.
One or more sutures slot are provided in the distal end of the outer sliding sleave to
pravide suture exits. A distal end of the suture siofs are sharpened to sever the
suiure. Lpon proximal retraction of the outer sliding sleave, the distal end of suture
slot engages the suture and severs it when the distal end of the suture slot traveis
proximally to the proximal end of the collet fingers. Cplionally, a fixed metallic ring
can be affixed to the outer surface of the collet at a point proximal to the collet fingers
and inside the outer sliding sleeve. The metallic ring is formed with a sharp distal tp
that engages and severs the suture when the outer sliding slesve is proximally
retracted. The design enables the suture clip to be cinched 1 close proximity to the
suturad tissue as well as allow for the severing of the suture tails and release of the
suture from the delivery device in one step.

The suture ¢lips designed for use with the referanced suiure ciip delivery
systems are comprised of 2 plug and a ring that are configured to allow a sufure to
interwind thraugh the ciip in such a manner that the clip companents move with
mirimal friction while in an open position. The plug is 2 headless design that has
features that allow for a posiiive [ock with the ring. Channels are provided in the plug
to provide access ways for the sulurs ta lessen the effart needed to thread the suture
into the plug. The locking faatures of the plug are compressibic so thatwhenin a

JP 2004-500206 A 2004.1.8



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

(56)

WO 0166001 PCTIUSOTNTIY
7

focked state, the suture is captured via a combination of fristional engagement and the
locking surfaces The plugs have features built into their proximal and distal ends to
allow stacking of the plugs fo enhance alignment for the delivery of axial forces to set
the plugs in rings. Additionally, a diverter for channeling the suture into axial slofs
formed in the plug is provided in one smbodiment to extend distally of the distal and of
the ring, wien assembled with the plug, to inferrogate the tissue and cause fibrosis.
The fibrosis causes the tissue to become more bulky which is though ta enhance the
therapeuiic effect of this technique.

In anather embodiment, the plug and ring are fermed with inter-locking ribs ar
scales that enhance the advancement of the plug into the ring and prevent
disengagement. The ribs are fashioned to allow one-way movement of the suture
through the suturs clip.

Once threaded into the rfng and plug, the suture is passed through finger slots
formed ketween adjacent callet fingers and out the suture slat 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 outeide the patient after the tails have
been severed at a point proximal to the now assembled suture clip. The catheter
operator may thread a suture through a clip and then load the clip into the tooling or
thread the suture through a premounted clip. At the site the physician activaies the
handle fo a2pply 2 forca to fhe clip, thareby locking it #0 the suture. The anplication of
foroe would first sacure the clip companents capturing the suture materjal within the
mating surfaces, and then expel the clip from the tool fo remain within the patient.

Suture clips disclosed hersin include combination friction fit and positive locking
embadiments where the components of the clips capture the suture with friction and
locl the suture in place with inter-tocking surfaces. tis to be appreciated that a wide
vartety of suture clip configurations can 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 multi-coaxial catheter, and tn a second ganeral
embodiment, a systerm dimensioned for use in the working channel of an endoscope,
Each general embodiment has a two, three or four finger collet jaw affixed at a distal
end, The colist Jaw has a collet bedy Tram which the collet fingers distally project.
The collet fingers are made of a material such as stainless steel or high modulus
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plastics that allow the collet fingers to flex or spring from a first closed positionto a
second open posificn and back fo the first position. Alternatively, the collet fingers can
be designed to flax or spring fratn a first open position to a second cloged position and
back fo the first position. This is accomplished by providing a radial bias in either the
open or closed position. The collet fingers define a cage within which a suture clip
assembly is premaunted. The cage is defined proximally by a distal end cf the coltat
body or by ramps formad on the: inside walls of the collet fingers distal to the collet
body and distally by flanges extending radially inwardly from the dislal ends of the
cellet 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 fo open the collet fingers.

In one embaodiment, 2 single pusher, adaptad to slide within the cathetar body,
is provided to engage leadad suture clip compenents. In this embodiment, the collet
fingers are biased in an open position. In another embadiment, a two-pusher system
is employed that utilizes an inner pusher to secure a plug to a ring that together
comprise the suture clip. A second pusher provided coaxially about, and in sliding
engagement with, the inner pushar has a tapered distal end that interacts with the
praximal ramps when advanced distally to cause the colfet fingers to move from a
closed position to an open position.

With any of the single or double pusher embodiments, an auter sliding sleave
can ba provided to secure the coilet fingers in a closed positien when placed in a
distally advanced pesition. The outer sliding sleeve performs the additiona! function of
severing the sulure at a point proximal to the suture elip after engagement of the
sufure. A suture slot is provided in the distal end of the outer sliding sleeve o provide
a suture exit. Upon proximal retraction of the outer sliding sleeve, the distal end of the
suture slot sngages the suture and severs i when the distal end of the suture slot
travels proximal to the proximal end of the collet fingers. Optionaily, a fixed metallic
fing can be affixed to the outer surface of the collet at a point proximal to the collet
fingers and inside the outer sfiding sleeve. The metallic ring {s formed with 2 sharp
distal tip that engages and severs the suture when the outer sliding sleeve s
proximally retracted. The design enables the suture clip to be cinched in close
proximity to the sutured fissue as well as allow for the severing of the suture tails and
release of the suture from the delivery device in one step.
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In yet a further embodiment, a head of the plug porticn of the sufure cfip can be
chamfered to engage the aforementionad ramps or ramps formed on the inner
surfaces of the distal ends of the colist fingers to open the collet segments wher a
single pusher is distally advanced. This allows for the engagement of the plug and
ring and release of the joined plug and ring i one step. The dimensions of the sufure
clip and collet segments are optimized to allow for full engagament of the plug and
ring prior to clip release from the delivery device.

The suture clips designed for use with the suture clip detivery systerm are
comprised of a plug and a ring that are configured to allow a suture to inter-wind
through the clip in such a manner that the clips move with minimal friction while in an
open pesition. fn a closed pasition, the cfip captures the suture by frictional
engagement. Once threaded into the ring and plug, the suture is passed through
fingsr slats formed betwsen adjacent collet fingers and out the suture slot of the outer
sliding slegve. This enables the suture tails to be channaled externally of the catheter
for remaval at the proximal end of the catheter outside the patient after the fafls have
been severed at 2 peint proximal to the now assembled suture clip. The catheter
aperator may thread a suture through a clip and then ioad the clip into the tooling or
thread the suture through a premounted clip. After positioning the delivery system at
the autured tissue site, the devics oparator activates the handle ko apply a force o the
clip, therehy locking it to the suture. The application of force first secures the clip
componants thus capturing the suture materia! within the mating surfaces, and second
expels the clip from the delivery system feal to remain within the patient.

Suture clips disclosed herein include friction fit embediments where the
sompenents of the clips capture the suture with frictien. It is ta be appreciated that &
wide variety of suture clip configurations can be farmed from the basic ring/plug
sonfiguration that employs a friction fit securing means. Of course, the ring and plug
samponents af the clip can be provided with interlocking features for enhancing the
suture capturing effect.

In g still further embodiment, a suture clip delivery device having pivoting collet
tingers is disclosed. The collet fingers rotate about 4 pin secured o a collet cage
body. A pusher, suture clip component gr other companent radially rastrains the
pivoting collet fingers from pivoting radisily cutwardly at a distal end when proximal to
@ cinched posttion. Another embodiment empleys a ring secured about the callet
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cage bady. A distal edge of the ring provides a pivot peint and eiiminates the need o
secure the pivoling collet fingers to the collet cage with pins.

Aisa disclosed is a suture ciip Joader used to deliver the suture clip companents
info the collet cage. The suture clip loader has two main componenis, a main body
thraugh which a hypotube is secured and a plunger comprising a plunger head and a
plunder rod. The plunger rod is dimensionad to slide freely within the hypotube, A
suturs elip ring is placed over a first end of the hypotube that is situated within a cavity
formed in the loader maln bady. The distal end of a suture dlip plug is lonsely ft within
the lumen of the first end for delivery into a calist cage. A callet cage with the collet
fingers in an open position is advanced over the plug, hypotuba and ring,
Advancement of the plunger inte the hypotube from a second hypotuhe and causas
disengagement of the suture clip plug inte the celiet cage. The collet cags fingers are
then moved into a closed position by advancing the outer sliding sleeve so as to grasp
the sutura clip ring that is retained in the collect cage wien the collet cage is removed
from the hypotube

Brief Description of the Brawings
FIG. 1 is a side partial cutaway sectional view of ar endoscope with an attached

suture clip defiveryflecking device and suiure clie in a first position aceerding to one
embediment of the invention,

FIG. 1ais a perspective view of a sufure clip delivery/ocking device and suture clip in
2 first positian according to ancther embediment of the invention.

FIG. 1b is a perspective view of a suture clfp delivery/locking device and suture clip in
an intermediate position accarding to another emboediment of the invention,

FIG. 1¢1s a perspective view of & suture clip deliveryilocking devics and suture clip in
an advanced intermediate position according to another embodimant of the invention,
FIG. 1d is a perspeclive visw of 2 suture clip deliveryflocking davice and suture clip in
an second open position according fo ancther embodiment of the invention,

FKs. 2a is a sids elevational view of & catheter with an attached suture clip delivery
device and suture clip according to one ambediment of the invention.

Fi5. 2h is a perspective view of a suture clip delivery/locking device and suture clip
components in a pre-cinched state according o one embaodiment of the invention.
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FIG. 2¢ is a partial sectional view of a suture clip deliverylocking device and suture
clip compenents in & pre-cinched state accerding to one embadimesnt of the invention.
FIG. 2d is a parttal sectional view of 3 sufurs clip delivery/locking device and suture
clip components in a partially cinched state according to one embodiment of the
invention.

FIG. 2e is a partiai sectional view of a suture clip delivery/ipoking device and suture
clip companents in a cinched, delivered state according to ane embodiment of the
frivertion.

FlG. 3d is & partia! sectional view of a suture dlip deifveryllacking device ang sufure
ciip components in a pre-cinched state according to one embodiment of the invention.
FIG. 3 is a side partial cutaway view of an encdoscope with an aftached suture clip
deliveryflocking device and suture clip in a second pesition according io one
embodiment of the invention.

FIG. 4 is a perspective view of a sufure clip delivery/locking device and suture clip
according to one embodiment of the invention,

FI3. 4ais 2 perspective view of a suture cfip deliveryfocking device and suture clip
according to ene embadiment of the invention.

FIG. 5 is & side elevational viéw of a piication with a suturs clip atfached to & sulure
according to one embadiment of the invention.

FIG. & is a perspective view of a suture clip assembly in an open position according to
one embadiment of the invention.

FIG. 7is a perspective view of 2 suture clip assembly in a closed position according to
ane embodiment of the invention.

FXK3. 8is a perspective view of a sulure clip assembly in an open pasition according to
another embodiment of the invantion.

FIG. 3z is & fragmented side view of & suture clip assembly according te one
embedimsant of the invention.

FIG. 8 is a perspective view of & suturs ¢fip assembly in a partially closed posHion
accoarding o a further embodiment ¢f the invention.

FIG. 10 is a perspective view of a suture olip assembly in a pertially closed pesition
according to one embadimant of the invention.

FIG. 11 is a side slevational view of a suture clip assembly in an open position
according to ancther embadiment of the invantion.
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FiG. 12 is a side elevational view of a suture clip assembly in a closed position
aceording to one embodiment of the invention.

FIG. 13 is 2 top view of a suture ¢lip assembly according to one embadiment of the
invention.

FIG. 14 is & perspestive view of a suture clip assambly sccarding to a further
embodiment of the invention.

FiG. 15 is a side elavational view of & suture ciip assembly in a ciosed position
according to a fuither embodiment of the invention.

FIG. 1§ iz 5 side elevational view of a suture clip assembly in a partially clased
position according to another amhodiment of the invention.

FIG. 17 is a side slevational view of a suture clip agsembly in a closed pasition
accarding fo anather embodiment of the invention.

FIG. 18 is a perspective view of a suture clip assembly in a closed initial position
according o another embodiment of the invention.

FIG. 12 is an end elevaticna!l view of & suture clip assembiy in & closed initial position
according to one embodiment of the invention.

FiG. 20 is an end eievational view of a suture clip assembly in a closed initial positian
according to a further embodiment of the: invention.

FIG. 2115 an end elevational view of a suture glip assembly In a closed inftial position
according to ocne embodiment of the invention.

Fi3. 22 5 an end elevational view of a suture ¢lip assermbly in a closed initial position
according te one embadiment of the invention.

FIG. 23 is a side elevational view of a suture clip asssmbly in an open position
according to one embodinient of the invention.

FIG. 24 is an end view of a suture clip assembly and cuter tube according to one
embadiment of the invertion,

FIG. 25 is an end elevational view of a sufure clip assembly according fo ane
ambodiment of the invention.

FIG. 26 is an end elevational view of a suture clip assembly according to another
embadiment of the invention.

FIG. 27 is en end eievational view of g suiure clip assembly according to a further
embodiment of the invention.
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FIG. 25 i3 a side slevational view of a suture clip assembly according to a yet further
embodiment of the invention.

FIG. 22 is an end elevational view of a suiure clip assembiy and outer tube according
to one efnbodiment of the invention.

FiG. 30 s a side elevational view of suture clip assembly and outer fube according to
another smbodiment of the invanticn.

FIG. 31 is a side elevational view of a suture clip assembly and outer tube accarding
to a further emhedimant of the invantion.

FIG. 32 s a side elevational view of a suture clip assembly and outer tube according
to a yet further embadiment of the invention.

FIG. 33is a perspective view of a suture clip assembiy and outer {ube according to
one embodiment of the invention,

FIG, 34 is a perspective view of a suture cifp assembly and cuter tube according 1o
ane smbodiment of the invention,

FIG. 35 is a side elevational view of a suture clip delivery tube and suture clip
according to ane smbodiment of the invention.

FIG. 36 is a perspeclive view of a delivery tube with maunted suture clip befare
defivery of the suture cfip to the desired site according to one embaodiment of the
invention.

FIG. 37 I8 a perspactive view of a delivery tubs with mounted suture ¢lip during
delivery of the suturg ¢lip according e one embodiment of the invention.

FIG. 38 is a perspective view of a delivery ube being retracted from a suture clip
delivery site according to one embodiment of the invention.

FIKG. 39 [s a perspeciive view of a suture clip comprising a cylindsr and cylinder cap
acording to one embodiment of the invention.

FIG. 40 is @ sectianal view of a partially engaged cylinderieyinder cap sutwre clip
assembly according to one embodiment of the inventiorn.

FIG. 41 is a sectional view of an engaged cylindericylinder cap suture clip assembly
apcording to one embaodiment of the invention.

FIG. 42 is & perspectiva view of an unassembled cylinder/cylinder cap sufure clip
assembly according te one embodiment of the inventian.

FIG. 43 is & parspective view of an assembled cylinder cap/cylinder suture clip
assembly gccerding to one embaodiment of the invention,
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FIG. 44 j5 a side sectional view of a cylinder capieylinder suttre clig assembly
preloaded in a delivery device according fo one embodiment of the invention,
FIG. 45. 35 a front sectional view of a cylinder cap/cylinder suture clip assembly
preloaded in a delivery device according to one embodiment of the inventian,
FIG. 45 is a perspectiva view of an unassembled cylinderfiecking rod suture clip
assembly accarding to another embodiment of the invention.
FIG. 47 is a perspactive view of an assentbled cylinder/locking rod suture clip
assernbly according to another embadiment of the invention.
FIG. 48 is a perspective view of an unassembled slotted cylinderacking rod suture
clip assembly according o a further embadiment of the invention
FiG. 4¢is a perspeclive view of an assembled slofted cylinderflacking rod suture clip
assembly aceording to 2 further embodiment of the invantion.
FIG_ 58 is 2 perspective view of an unassembled eyelet-bearing cylnderlocking rad
sutura clip assembly according to a still further embodiment of the invention.
FIG. 51 is a perspective view of an assembled eyelet-bearing cylinderlocking rod
suture clip assembly accarding to a still further embodiment of the invention.
FIG. 52 is a perspective view of an unassembled dual cylinder suture clip assembly
according to a yet further embodiment of the invention.
FIG. 53 is a perspactive view of an assembiled dual cylinder suture clip assembiy
according to a yet further embodiment of the invention.
FIG. 54 is a perspective view of an assembled dual eylinder suture clip assembly
cinched to a plication according to a yet further embodiment of the invention.
FIG. 88 is a perspactive view of an unassemblad dual cylinder suture ¢lip assembly
having sidewall apertures according to yet another embediment of the invention,
FIG. 58 is a perspective view of a partially assembled dual cylinder suture cjip
assembly having sidewail apertures according to yet another embodiment of the
invention.
FIG. 57 is 8 perspective view of an assembled dua! cylinder suiure clip assembly
having sidewall apertures according to yet another embodiment of the invention,
FIG. 58 is a front perspectiva view of a single cylinder suture clip assembly with
sidewall apertures according to still another embadiment of the invention,
FIG. 58 iz a side perspective view of a single cylinder suture clip assembiy with
sidewall aperfures according to still another embodiment of the invention,
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FIG. 60 is a perspeciive view of a partially assembled dual cylinder suture clip
assembly having a locking jaw according to & further embodiment of the invention.
FIG. 81 is 2 parspectiva view of an assembled dual cylinder suturs clip assambly
having a losking jaw accoreling to a further smbodiment of the inventien.

FIG. 62 is 2 side elevational view of a cylinder sufura clip assembly component having
# locking jaw according to a further embodiment of the invention.

FIG. 63 is a perspective view of a cylinder suture clip assembly camponent having a
locking jaw according to a further embodiment of the invention.

FIG. 64 is a perspeclive view of an unlocked three fab suture clip according to 2 still
furthar embadiment of the invention.

FIG. 65 is a perspective view of a locked three tab suture clip according to a still
further embodiment ef the invention. *

FIG. 86 is a perspective view of a cylinder suture clip having a rotatable flap according
to a yet further embadiment of the invention.

FIG. &7 is a partial sectiona), perspeciive view of an unassembled cylinderhollow rod
suture clip assembly with the cyinder having a rotatable flap according to a yet further
embodiment of the invention.

FIG. 88 is a sectional view of an assembled cylinderholiow red suture clip assembly
with the cylinder having a secured rotatable flap according to a yet further
embodiment of the invention.

FIG. 89 is a side sectional view of an unassembied sphere-shaped wedgs/cylinder
suture clip assembly according to ancther embediment of the invention.

FIG. 70 is a side sactional view of an assembled sphere-shaped wedge/cylinder
suture clip assembly according to another embodiment of the invention.

FIG. 71 is a alde sectional view of a conical wedge/cylinder suture clip assembly
according o yet another embodiment of the invention.

FIG. 72 is a side sectional view of an assemhbled bulbous plug/eylinder suture clip
assembly according te a further embaodiment of the inventian.

FIG. 73 is a side sectional view of an assembled sphere-shaped plug/cylinder suture
clip assembly with the cylinder having an anmular inner channel according to a st
further embadiment of the invention.

Fii. 74 is a perspecilve view of an unassembled wedge/cene suture clip assembly
according to another embodiment of the invention.
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FIG. 75 is a sectional view of an assembled wedgescone suture clip assembly
ascarding to ancther embodiment of the invention.
FiG. 76 is a side seclional view of ah unassembled tapered wedge/cylnder suture clip
assembly according to yet anather embaodiment of the inventior.
FIG. 77 ig a side sectiona! view of an assembled tapsred wedge/cylinder suture clip
assenibly according to yet another embodiment of the invention.
FIG:. 78 is a perspective view of an assemblad tapered wedgeseylinder suture clip
assembly with a slot in the eylinder according to a further embadiment of the
invention.
FIG. 79 s a side sectional view of an tnassembled domed, flanged plug/cylinder
suture clip assembly according fo a still further embodiment of the invention.
FIG, 80 i5 a side sectional view of an assembled domed, flangad plug/cylinder suture
tlip assembly aceording to a siill further embodiment of the invention.
FIG. 8115 a perspactive view of a eylinder companent with a stot according to a furthar
embodimant of the invention.
FiG. 82 Is a perspective view of a fapered wadge/eylinder suture olip asserbiy with a
slot in the side of the cylinder according to a further embodiment of the invention.
FIG. 83 is a perspective view of an assembled tapered rod/eylinder suture clip
assembly according to a further embodiment of the invention.
FIC. 84 is 2 side sectiona! view of a tapered wedge/eylinder suture clip assembly in a
delivary davice according to a further embodiment of the invention.
FIG. BS is a perspeclive view of an unassembled rad/half-sleeve suture dip assembly
according to another embodiment of the invention.
FIG. 86 is a perspective view of a partially assembled rod/half-sleeve suture clip
assembly according to another embodiment of the invention.
FK3. 87 is a front view of an unassembled rod/half-sleeve suture clip assembly
according to another embadiment of the invention.
FIG. 88 is a perspective view of an unlocked joined rod/half-sleave suture clip
assembly according to another embodiment of the invention.
FI5. B8 is a perspective view of a [ocked joined rod/half-sieeve suture olip assembly
according fo another embodiment of the inventicn.
FIG. 90 is a side sectional view of an unlockad rou/Malf-sleeve suture clip assembly in
a delivery device according to anather embodiment of the inventiar,
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FIG. 91 is a perspective view of 2 partially locked joined red/half-gleeve suture clip
assembly according fo ancther embediment of the invention.
FIG. 92 [s a front perspective view of a partially locked jained rod/half-sleeve suture
clip assembly according to another embodiment of the invention.
FIG. 83 is a perspective view of a partially lockad joined rod/malf-slaeve suture clip
assembly with the half-slseve having a suture aperture according io a further
embedimant of the invention,
FIG3. 94 is a side elevational view of a locked jeined rod/half-slseve suture clip
asssmbly with the half-slesve having a suture aperture accarding te a further
embodiment of the invention.
FIG. 95 is a front view of & locked joined rod/hali-sleeve suiure clip assembiy wih the
half-sleeve having a suture aperture according to & further embaodiment of the
invention
FIG. 86 is a parspective view of an unassembled rod/half-slesve suture clip assembiy
with the half-sleeve having a suture aperiure according [0 a yet further embodiment of
the invention.
FIG. 97 is an end view of an unassembled rod/half-sleeve suture clip assembly
acaording ta a yet further embodiment of the invention.
FIG. 98 is an end view of a partially assembled redmalf-slesve suture clip assembly
according to a yet further embodiment of the invention.
FIG. 98 iz an end view of an assembled and cinched rodihalf-sleeve suture clip
assembly according ta a yat further embodiment of the invention.
FIG. 100 is an end view of an assembled rod/half-slesve suture clip assembly
according to a yet further embediment of the inventian.
FIG. 101 is a front view of a joined rodfhaif-sleeve suture clip assembly according to &
yet further embodiment of the invention.
FI3. 102 is a parspective view of an unassembled rod/clamping jaw suture clip
assembly according to a still further emboediment of the invention,
FIG. 103 is a side sectional view of an assernbled mesh plugligid ring suture clip
assembly according to ome embodiment of the invention.
FIG. 184 is a side sectional view of a mesh plug delivery catheter with a mash plug
positiened within adjacent to a nigid ring and an expanded mash plug according to one
embadiment of the inventian
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FiG. 105 is a side sectional view of a mesh plug suture clip companent sccording to
one embodimant of the invention.
FIG. 108 is a side sectional view of an undaployed mesh plug of mesh plug/rigid ring
suture clip assembly with the mesh plug positioned in a delivery catheter positioned
within a suture clip delivery device.
FIG. 107 15 & sice secliona! view of an undeployed mesh plug of a mesh plug/rigid ring
suture clip assembly with the mesh plug positioned in a delivery catheter positioned
within the ring.
FiG. 108 is a side sectional view of a partially deployed mesh plug of a mesh
plugdrigid ring suture clip assembly positioned in a delivery device including a mesh
delivery catheter with pusher according fo another embodiment of the Invention,
FiZ. 199 is 2 side sectional view of an assembled maesh plug/igid ring sulturs clip
assembly according to ancther embodiment of the inventio:n.
FIG. 110 is a side sectional view of an assembied ribbon plug/rigid ring suture clip
assembly according to a yet another embodiment of the invention.
FIG. 111 is a side view of a ribbon plug suture clip companent according to a yet
another embodiment of the invention.
FIG. 112 is a side sectional view of a partially assembled ribbon plugfrigid ring suture
clip assembly according to & yet anothsr ermbaodiment of the invention.
FIG. 113 is a side sectional view of an assembled mesh plugirigid ring suture clip
assembly according to a yet another embodiment of the invention.
FIG. 114 is a side sectional view of an assembled channeled plugiribbon ring suture
clip assembly according to a further embodiment of the invention.
FIG. 115 is 2 side view of a ribbon ring suture clip comporent according to a further
embodiment of the invention.
FiG. 116 is a side view of a tibbon ring suture clip component in a relaxed raduced
dlameter state according to a further embodiment of the invention.
FIG. 117 is a side view aof a ribbon ring suture ciip companant in a stretched state
according to a further embodiment of the imvention.
FIG. 118 s a sids slevational view of a chanreled plug sulure clip sompsonent
according to a further embodiment of the invention.
FIG. 119 is a side elevational view of an assembled channeled plug/tibben ring suture
olip assembly aceording to a further embodiment of the inventicn,
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FIG. 120 [s a side view of an assembled barbell plug/mesh ring suture dlip assembly
according 1o a yet further emboediment of the invention.

FIG. 121 is a partial cutaway side perspactive view of a single pusher suture clip
delivaring, locking and severing cathstar distal end with a pre-mounted suturs elip ring
and three stacked suture ¢lip plugs according i one embodiment of the invantion.
FIG. 122 is a side perspective view of a single pusher suture clip dalivering, locking
and severing catheter distal end accarding to one embadiment of the invention,

FIG. 123 is a fragmentary partial sectional side perspective view of a single suture cfip
delivering, locking and severing catheter distal end with a single suture clip plug and
without a loaded suture clip ring according ko one embodiment of the Invention.

FIG. 124 is a partial sectional side perspective view of a sihgls pusher suture clip
Incking 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 fragmeniary side perspective view of a single pusher suture clip locking
and severing catheter distal end showing a pusher and sliding sleeve locking featuras
acoording 1o one embadiment of the inventicn.

FIG. 126 is a side sectional view of a single pusher suture clip celivering, locking and
saevering catheter with a sliding sleeve finger pull according to ons etmbodiment of the
frvention.

FI. 127 is a side perspective view of a suture clip plug according te one embodiment
of the invention.

FIG. 128 is a bottarn perspective view of a suture clip plug according to one
ambodiment of the invention.

FIG, 129 s & side sectional parspestive view of a subure clip plug ascording te one
embodiment of the invention.

FIG. 130 s a side perspective view of a suture clip assembled to a sufure according to
one embodiment of the invention.

FIG. 131 is 2 side soctional view of a suture dlip assembly with rib formatians
accarding to one embodiment of the inveniion.

FIG. 132 is a perspective view of a collet cage assembly according to another
embodimant of the invention.

FIG. 133 is a side sectional view of a collet cage assembly aceording fo another
ambodiment of the invention.
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FiG. 134 is a partial cutaway side perspeciive view of a double pusher suture clip
lacking and severing catheter distal snd with a pre-meunted suture clip assembly
aceording to one embodiment of the invention.
FiG. 135 is a partiai sectional front perspective view of & double pusher suture clip
locking and savering catheter distal end with & pre-mounted suture clip assembly
according to one embodiment of the invention.
FiG. 136 is a pariiai sectional top perspective view of a double pusher sulure clip
locking and severing catheter distal end with an outer sliding sleeve parfially retracted
accerding to one embodiment of the invention.
FIG. 137 is a partial secfional front perspactive view of a double pusher suture cfip
locking and severing catheter distal end according another embodiment of the
invention. '
FIG. 138 is back perspactive view of a double pusher suture clip Incking and severing
satheter distal end and partial hypotube body ascerding to one embodimant of the
invention,
FIG. 139 is a side parspective view of a double pusher suture ¢iip locking and
sevanng catheter according to one embedimeant of the invention.
FIG. 140 is a partial cutaway side perspective view of a double pusher suture clip
Incking and severing catheter distal end with loaded and thveaded suture clip
componants according to one embadimeant of the invention.
FIG. 141 is = side sectional view of a double pusher suture clip locking and severing
catheter distal end with pre-ioaded suture ofip compenents according {o one
emkodiment of the inventicn.
FIG. 142 is a side sectional view of a deuble pusher suture clip locking and severing
catheter distal end with &n inher pusher in an advanced position and a suture clipin a
cinched condition according fo one embodiment of the Inventian.
FIG. 143 is a side sectional view of a double pusher sufure clip locking and severing
catheter distal end with an outer sliding slesve in a partially retracted position
according to one embadiment of the invention.
FIG. 144 is a slde sectional view of a double pusher suture ¢lip lacking and severing
catheter distal end with an outer sliding sieeve in a fully retracted position according to
one embediment of the Invention.
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FIG. 145 i3 a side sectional view of 2 doubie pusher suture clip lecking and severing
cathetar distat end with an culer pusher in an agvanced position engaging and
opening collet fingers eccording to one embodiment of the inventicn.
FiG. 1461s a side sectional view of a double pusher suture ¢lip locking and severing
catheter disial end with a suture clip being released from a collet cage according to
ong embodiment of the invention.
FIG. 147 is an side aactional view of a single pusher suture clip locking and severing
catheter distal end loaded with a suture clip plug and suture dlip ring according fo
another embadiment of the invention.
FiG. 148 is a side sectional view of a single pusher suture clip incking and severing
catheter distal end loaded with a convex head suturs clip plug and suture clip ring
according fo one emboediment of the invention.
FIG. 149. is a top perspective view of an assemhled suture kack plug and suture lock
ring according to another embodiment of the invention.
FIG. 150 Is & sectienal view of an assembled suture lock plug and suture lock ring
according to a further embodiment of the invention,
FIG. 181 is an end view of an assemblad suture lock plug and suture lock ring
according to a further embodiment of the invention.
FIG. 152 is a parspective view of an unassembled suture lock plug and sufure fock
ring according to a further embediment of the invention.
FIG. 153 is a perspeclive view of a suture lock plug according to a yet further
embadiment of the invention.
FIG. 184 Is a side seclional view of a suturs clip Ioaging device according to ons
embadiment of the nvention.
FIG. 155 is an end view of a suture clip icading device according fo one embadiment
of the invention.
FiKG. 156 is a perspective view of an unassembled suture clip loading device
according to one embadiment of the invention.
FiG. 157 is a side seclional view of a contral handle according to a further
embedimant of the invention.
FIG. 188 is a side secfional view of a control handle according to & yet further
embodiment of fhe inventlon.
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FIG. 159 is a plan view of a single action contrel handle according 1o a still further
embodiment of the invertion.
FIG. 180 is a seclional view of a single action control handle according to a still further
embodiment of the invention.
FIG. 161 is a partial sectional view of a single agtion control handle according te a sfilf
further embodiment of the inventicn.
FIG. 162 is & partial sectional view of a single action control handle according to a still
further embodiment of the invention.
FIG. 163 is a side sectional view of a single pusher suture clip jocking and severing
coliet sage according to a further embodiment of the invention,
FiG. 164 is a side sectional view of a single pusher suture clip locking and severing
collet sage accerding fo a yet further embodiment of the inventicn,
FIG3. 165 is a side secticnal view of a single pusher suture clip locking and savering
collet cage with a pre-cinched suture clip assembly according to a still further
embodiment of the invention.
FIG. 186 i¢ a tap perspective sectional view of a single pusher suture clip lacking and
severing device acoording to a still further embodiment of the inventian.
FIG. 167 is a side sectional view of a single pusher suture ¢lip locking and severing
coflat cage with a cinched suture clip assermbly according fo a siift further embodiment
of the ihvention.
FIG. 183 is a front perspective view of a single pusher suture ciip locking and severing
device according ta a sfill further embodimeant of the invention.
FIG. 189 s a side sectional view of a single pusher suture clip locking and severing
deviee with & cinched suture iy assermbly and a pivot ring according to yet another
ambodiment of the Invention
FIG. 170 is a side perspective view of a collet cage body according 1o a still further
ambodiment of the invention.
FIG. 171 is a top perspective view of z collzt cage body according to a still further
embodiment of the invention.
FIG. 172 is a fronf elevational view of a collet cage body accarding to a still further
ambedimant of the invention.
FIE5. 173 15 a side sectional view of a threadsr according to ane embodiment of the
invantion.

JP 2004-500206 A 2004.1.8



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

(72)

W 01266001 POTUSIIATIEY
23

FIG. 174 s an end view of a thraader acsording to one embaodiment of the invention.
FIG. 175is & perspective view of a threader according to one embodiment of the
inverition.
FIG. 176 is a side sectioral view of a vacuum-actuated threader according to another
embodiment of the invention.
FIG. 177 is a front elevational view of a vaclum-aciuated threader according to
anather embadiment of the invantion.
FiG. 178 is a sids sectional view of a vacuum-actuated threader according to a further
embodiment of the inventien.
FI3. 17915 & front efevational view of a vacuum-actuated threader according to a
further embodiment of the Invention.

Detailed Description of the Preferrsd Embodiment

Referring to FIGS. 1-3, a clip defiveryflocking device is shown generally az 1.
Device 1 is shown in an embodiment designed for mounting to the distal end of an
endascope 18. Device 1is generally cylindrical in shape and has a flange 17
axtending proximally from a proximat end of device 1. Flange 17 is adapted to
sanfarm to the contours of the exterior surface of endascope 18. The cambination af
the proximal end of device 1 interfacing with the distal end of endoscope 18 and
flange 17 interfacing with the exterior surface of endoscope 18 effactively locks device
1 to endoscope 18, Alternatively, device 1 can be secured to endoscope 18 with
mechanica! fasteners.

Device 1 has portions defining a ¢lip helding chamber 4. A proximat end 4a of
holding chamber 4 (shown in FIG. 4) formed on the proximal end of device 1
communicates with holding chamber 4 and a warking channel 15 of endescope 18.
Extending distally from a distal end of device 1 are fingers 9 that are oriented on
npposite sides of, and partially define, holding chamiser 4. Fingers 8 are designed to
flex or spring from a first position (shown in FIG. 1) to a second position {shown in
FIG. 3} ta deliver a sufure clip assembly comprising i the illustrated embodiment, a
pfug 3 and a ring 8 After delivery, fingars 9 spring back to the first position to receive
another suture ciip assembiy. Preferably four fingers 9 are provided (as shown in FIG.
4a) although as little as two fingers 9 are needed. When viewing the distal end of
device 1, the distai ends of fingers 9 preferably form a segmented 360° ting.
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Fingers 9, in a preferred embadiment, have tapered finger ends 2 with the taper
preferably increasing radially cutwardly from a proximal end to & distal end of finger
ends 2. The proximal ends of finger ends 2 extend radially inwargly of the inner walls
of fingers 8 o form distal tangs 12. Distal tangs 12 provide a stop surface against
which suture clip 3 can be compressed for manipulation as describad in detal! below
and by which premature refease of sufure clip 3 is prevented.

Extending radiaily inwardly from fingars 8 from a point distal to distal tangs 12
are proximal tangs 13. Proximal tangs 13 are preferably tapered with the taper
increasing radially inwardly from a proximal end to a distal end of proximal tangs 13.
In an aliemate embadiment shovn in FIGS. 1a-1d, proximai tangs 13 are radiused
portions of the inner walls of fingers 9 that merge into finger ends 2. As described in
mare detail below, proximal tangs 13 facilitate the movement of fingers 9 from the first
position to the sacand position and act as a cam follower to distal tangs 12.

A pusher 14 is dimensicnad and adapted to move freely in an axial direction
with the working channet of endascope 18 and within delivery device 1, Pusher 14
preferably has a frusto-conically shaved distal end 19, the tapared sides of which are
dimensioned to contact proximal tangs 13 and transfate distal axial mavement into
radial outward movement of fingers 9.

An altemative to the delivery device shown in FIGS. 1 and 2a is shown in FIGS,
Zb - Ze. This alternate emboditnent can be used with an endoscope or independently
as a catheter. In this embodiment, pusher 14 has a reduced diameter, substantially
sylindrical distal end 18a. The transition frem the diameter of a main bady of pusher
14 and distal end 19 forms tapered pusher surface 19b dimansioned to contact
proximal tangs 13 to affect the translation of distal axiat motlan of pusher 14 inta radial
outward motion of fingers 9. With this embodiment, sutures 7 are severed &t shouldar
9a formed at the transiion of the main body of delivery device 1 and proximal tangs
13 when tapered pusher surface 19b contacts and slides along proximal tangs
13.

Te operate device 1, a suture clip assembly 3a {plug 3 and ring 8). is advanced
down endoscope working channel 15 in an open position with pusher 14, Depending
on the particuiar embodiment of suture dlip assembly 3a used, any sutures placed
inside the subject patient are threaded into any of a variety of apertures in suture clip
assembly 3a before suture clip assembly 3a descends down working channel 15,

JP 2004-500206 A 2004.1.8



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

WO 0166001

25

(74)

PUTIUSOINTILY

JP 2004-500206 A 2004.1.8



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

(75)

W 01266001 POTIUSOINTIEY
26
comprassed against the plication with minimal or no slack in the suture as shown in
FIG. 4. This ensures the suture will properly maintain the plication in the desired
bound 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 respact to an
endoscope also applies to a catheter-based version of device 1 except that in this
embodiment, pusher 14 is preferably run through a central lumen of catheter 20.

Referring to FIGS. 6-18, a variety of suture clip embodiments are shown that
employ a friction fit means to secure one or mors sutures, As shown in FIGS. 5, 7
and 10, a suture clip assembiy 25 is shown comprised of a stture disk 27 and a disk
post 29, In this embodiment, suture disk 27 has portions defining a central disk
aperiure 30 thatis preferably locaied in the radial center of suture disk 27. Suture
apertures 32 are formed in suture disk 27 radially outwardiy from disk aperture 30.
Sulure apertures 32 are adapted to receive sutures 7. One or more sufure apertures
32 oan he formead in suture disk 27.

Disk post 23 has a disk post inait body 34 that is preferably circular with a
diameter that matches the diameter of suture disk 27, A Tacking post 36 extends
axially fram a face of disk post 28 and is preferably an integral part of disk post 28,
Locking post 38 has a cross-sectional diameter that is sized to fit tightly within disk
aperture 39. A post aperture 33 runs axtally through disk post 29 and lecking post 36.
Post aperture 38 is adapted to receive sutures 7 and s preferably located in the radial
center of disk post 28,

in the embadiment shown in FIG. 6, tocking post 38 has a smooth outer
surface. As shown in FIG. 8, locking post 36 has a corrugated surface that can also
be formed with threading to erance grasping of sutures 7 when suturs clip asssmbly
25 is manipulated into a closed position. A shown in FIG. Ba, facking post 36 and disk
aperture 30 can be farmed with matching tapers that afow for one-way insertion of
lgcking post 36 into disk apsrture 30 te further enhance grasping of sutures 7

To usa this embediment of suture clip assembly 25, a sultre 7 {extending aut
of the mouth of the patient in an endescopic provedure}, is thread throuph past
aperture 38 from a distal end of disk post 34 ta a proximal face of disk post main body
34. Buture 7 [s then fed through suture aperture 32 from a distal face of suture disk
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27 to a proximal faca of suture disk 27. Both suture disk 27 and disk post 29 are slid
alang suture 7 until in place in holding ¢chamber 4 of device 1.

Before securing suture disk 27 to disk post 29, any slack in suture 7 is taken up
by pulling suiure 7 in a proximal direction. To engage disk post 28 to suture disk 27,
Forcs is applied to pushar 34 which forces locking post 36 inta disk centrel apsrture
30. Suture 7 becomes entrappad or captured batween the mating surface of locking
post 36 and disk cetitral aperiure 30 as well as betwesn the proximal face of suture
disk 27 and the distal face of disk post 29. The tortucus path followed by euture 7
adds io the friction achieved between suiure 7 and suture clip assembly 25. FIGS,
11-16 show the path followed by one suture 7 and dual sutures 7 in this embediment,

Once suture clip agsembly 25 has been assembled, suture 7 is captured with
suture clip assembly 25 interfacing with plication 8. Sufure 7 passes hefwesn
preximal tang 13 and pusher distal end 18 such that when distal end 19 is forced
against proximai tang 13, sulure 7 captured. An edge 23 formed in device 1 asts as &
knife te sever suture 7 when suture 7 s tensionad by puliing suture 7 proximally while
pusher 4 is forced distally through device 1.

In an alternative embodiment shawn in FiG. 8, sukire disk 27 is not formed with
suture aperturas 32, Instead, disk post main body 34 is provided with disk post suture
apertures 40 that are Tormed radially cubwardly from lecking post 36, Suturss T are
fedt through central aparture 30 and through disk post suture apertures 40. Joining of
suture disk 27 and disk post 29 resuits in the sarre capture of sutures 7 as praviously
described,

A further embodiment is shown in FIG. 17 I this embodiment, top plate 49
conforms to the shape of a "T" with a ffange 62 situated ata battom portion of tap
plate 48. Bottom piate 42, separaie from top plate 40, is sized and shaped to conform
1o the shape of flange 62 and has a radially inwardly extending lip 64 dimansioned to
conform fo the shape of a main trunk 66 of top plate 40, When combined and locked
tagether, the interfacing surfaces of top plate 40 and bottom plate 42 capture suture ¥
as shown.

FIGS. 18 - 34 show sulure clip smboediments with alignable finger systems that
capture suture 7 when placed in an unafigned conditton. FIGS. 18 and 19 show a
suture clip 3 that is generally rectangular in shape and is comprisad of ralls 710 that
form: the perimetsr of the clip. A middie rail 112 attached to two rails 110 has a central
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humped portion 114 that projects upwardly from the plane cccupied by suture clip 3.
Suitre apertures 118 ane each in middie rail $12 through humped porticn 114 and in
the two rails 110 oriented in paralle! fo middle rail 112 are provided through the sides
of rafls 10 and middle rail 112. Suture aperures 116 are preferably formed along &
plane perpendicular to middie rail 112.

The offsat nature of sulure apertures 116 provide sufficient friction to capture
sutures 7. To move suture clip 3 along sutures 7, pressure is exerted on the batioms
of parallel rails 110 and on the top of hump portion 114 until suture aperiures 116 are
in alignmant. Middle rail 112 must be made of a material that has enough elesticity to
fiex into coplfanar alignment with rails 1%0 as weil as have enough matsrial memory to
rebound back into an unaligred state 1o provide the necessary friction to capture
sutures 7.

FIG. 20 shows an embodiment with suture apertures 116 in rails 110 extending
from a iop surface to a bottom surface of ralls 110, This configuration provides
additional friction by threading sufures 7 through suture apertures 116 from the batiom
surfaces of raits 110. FIG. 21 shows an embodiment which utilizes rails 110 having
circufar cross-sectional shapes. FIG. 22 shows how forces have to be applied to the
individual rails as ilusfrated by the arrows provided therein. FIG. 23 shows ralls 110
and middle rail 112 1n alignment such that friction on sutures 7 can be relieved for
advancement of suture chp 3 cver sutures 7.

FIG. 24 shows 2 suture clip 3 with unaligned rails 41¢ and midgle rail 112
sifuated in an outer tube 120. Use of an outer tube that has high internal hoop stress
ang minimal tendencies to set at body temperature is prefered. Bralded construction
o spring reinforced verslons are ofher alternatives that can be used. Capturs of
sutures 7 in this embadiment is anly possible when outer tube 120 is preferably
circular in cross-sectional shape and deformed by a compressive force applied
perpendicular te the axls of sutures 7. Defermation can be achieved by use of a
pinching too! passed over sutures 7 and outer tube 120 at the point where sutures 7 is
threaded through suture clig 3.

FIGS. 25 and 25 show a suture clip 3 with rails 110 and middle rail 142 with
hexagonal cross-sectional shapes ta ingrease the friction or lockup in the relaxed
position, i.e., unaligned pasition. FIG. 27 shows the same suture clip 3 n an aligned
pasition. FIG. 26 shows a suturs clip 3 with rails 110 and middle rail 112 with
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raditsed cone-shape cross-sections with the radivsed portions alfernately inverted fo
again increase lockup in the relaxed posifion. FIG. 28 shows the same emhodiment
with the cone-shaped rails in an aligned position.

FIGS. 29 through 32 show a number of embadiments with altermative gecmetiic
cross-sectional shapes for the guide rails and the outer tube 120. With these
configurations, a snare device could be used by advancing the snare along suture 7 ta
the point of contact with sutura clip 3 whare the snare could be used to apply pressure
ta release the lock on suture 7. Such a davice i shown in FY3S. 35-38 referenced
helow.

FIG. 33 shows the application of a campressive foros {designated by the
arrows) that causes ralls (o align which, in turn, releasss the friction on suture 7. FIG.
34 shows the same embodiment as FiG, 33 with the compressive force removad
which allows the rails to misalign and capture suture 7.

FIG. 35 shows a suture delivery device for suture focks having alignable
fingers. An elongate defivery tube 13¢ is provided with an inner parfial tube 132 is
fixed to delivery tube 130 proximal to a distal end of delivery tube 130. Inner partial
tube 132 has an open distal end and a proximal end that preferably conforms to the
shape of an ellipsis. The elliptical shape is designed to cradle a suture lock 3 that
incorporates the alignable finger technolagy described above. An inner tube aperture
%34 is formed in the proximal end of, or if elliptically shaped In a proximal apex of,
inner partial tube 132. .

A snare 136 is provided of which a distal and is attached to an inner wall of
delivery tube 130 at the distal end of delivery tube 130. A proximal end of snare 136
is fed through inner tube aperture 134 and extends back to a proximal end of delivery
tube 120 where snare 136 can be manipulated by the user.

Ta operate delivery tube 130, snare 136 is maintained in a loose state so that 2
suture clip 3 (fo which suture 7 has been threaded thraugh) can he mounted into
delivery tube 130 and placed against partial inner tube 132. Tensicn is applied to
snare 136 to secure suture clip 3 to delivery tube 130. The foree applied te suture clip
3 by tensioning snare 136 causes the rails of the suture clip to align and allow for the
suture clip to move along the length of suture 7.

To place suiure clip 3 in position in close proximity to and preferably against a
sutured tissue fold, delivery tube 130 is advancad to the tissue fold by sliding delivery
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tube 130 and suture clip 3 over suturs 7. Once the desired position is reached,
tension an snare 136 is released which allows the rails of suture clip 3 to return to an
unaligned orientation which causes capture of suture 7. Preferably, the force
generated by the repesitioning of the rails causes suture clip 3 to move at least
partially out of delivery tube 130. Once suture clip is in the desired location, delivery
tube 130 is refracted and suture 7 severed at a point proximal to suture clip 3. In one
embodiment, delivery tube 130 is provided with an edge that savers suture 7 when
delivery tube 130 is refracted.

FIGS. 38-102 show other general embodiments of the suture dlip that
incorporate cylinders in a varisty of configurations to achisve suture capture, FIG. 38-
43 show a sutura clip @mbodiment that combines a cylinder with a locking cap. As
shown in Fi3S, 39-41, a sutre lock 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 wall slot 146 is provided in a aide wall of cap 142
and extends from the exterior surface of the side wall to annular siot 144.

With this suture clip embadiment, oylinder 140 is advanced over suiure 7. Cap
142 is then slipped over an end of cylinder 140 with stuture 7 situated in wal slot 146
as shown in FIG. 40. As shown in FIG. 41, suture 7 is captured by the mterfacing
surfaces of gylinder 140 and cap 142. FIGS. 42 and 43 show the torfucus path of
suture ¥ within suture clip 3 that aids in the capiure of suture 7.

FIGS. 44 and 45 show a suture cifp 3 in a cylinder/cap embodiment
premountad in device 1. Te effectuats closure of cylinder 140 to cap 142, a closed
end of cap 142 inferfaces with distal tang 12. Cylinder 140 (s forced into cap 142 by
pusher 14 (ot shown) via pusher head 18.

FIGS. 46-48 show a suture clip 3 in a eylinder/lacking rod embodiment. FIG.
46 shows a cylinder 140 being combined with a rod 150. Rod 150 can be sized to
engage the inner wall of cylinder 140 to create a friction 7t or can be provided with an
optional red locking flangs 182 that is sized to engage either the inner wall of cylinder
140 er an annular cylinder (ocking channel 154. Optionally, eyinder apertures 186 are
provided, preferably at two locations, afong the length of cylinder 140. Suture 7 can
be advancsd through cylinder 140 through the ends of the cylinder, through the
cylinder apertures 156 or through a combination of the cylinder ends and apertures.
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With suture ¥ threaded in cylinder 140, red 450 is inserted into cylinder 140
such that the interfacing surfaces of rod 140 and cylinder 150 capture suture 7 as
shown in FIG. 47, The capture point can includs the interfacing surfaces of locking
flange 152 and locking channel 154,

FIGS. 48 and 48 show an alternative embodiment in which a cylinder slot 158
is farmed in the sidewall of cylinder 14€. Preferably, slot 168 extends from, and cpens
ento, an end of cylinder 140. In this embodiment, suturs 7 is threaded through cylinder
slot 158 rnd out the opposite end of cylinder 140, Agaln, the interfacing surfaces of
cylinder 140 and rod 150 capture suture 7 as shown in FIG. 49

FIGE. 50 and 51 shaw & furthier alternative embodiment in which cylinder 148 is
provided with an eyslet 160 that is essentially an elangated section of tie sigewall af
cylinder 140 that has been separated from tha sigewall along the axial length of
cylinder 140 and folded either inwardly to form two triangular slots, Suture 7 is
threaded through a first end of cylinder 140 and over the exterior surface of eyelet 160
and out the second end of cylinder 140. Rad 150 js Inserted into cylinder 140 which
forces eyelel 180 to bae reamed 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 created by the addition of eyelet 180 adds to the fiiction provided by the
interfacing surfaces of cylinder 140 and rod 150.

FIGS. 52-57 show & suture clip 3 employing a dual cylinder system. FIG. 53
shows a cylinder §40 and an inner eylinder 170 that has an outer diameter that is
preferably sized to provide a friction fit with the inner wall of cylinder 14490, Inner
cylinder 179 has an inner cylinder slot 172 extending fron, and opening onto a
proximal end of inner cylinder 170, Cylindsr 140 ¢an optionally have a groove 176
farmed on a proxima! end of cylinder 140 that is used to engage sufure 7 as described
below.

To operate this embodiment, inner cylinder 170 is advanced over suture 7 (or
suture 7 & threaded throtgh inner cylinder 170) so that suture ¥ exits via inner
cylinder slot 172 and cver the side wall of cyifinder 140, Pull strings 174 are aftached
1o the proximal end of inner cylinder 17¢ and are threaded through cylinder 140, To
Join the cylinders, the user puils on pull strings 174 toward the proximal end of the
endoscope or catheter used to deliver suture clip 3. Gylinder 140 is maintained in a
static position with the proximal portion of chamber 4 of device 1 within which suture
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¢lip 3 in this embodiment can bs premounted. The interfacing surfaces of cylinder 140
and inner cylinder 170 capture sufure 7 along tha perfion of the sidewall of nner
cylinder 170 that is distal to the distal end of inner cylinder slot 172 as well as the
tortusus path followed by suture 7. Suture 7 can be additionally captured by groove
176 such that any pulling of suture 7 will tighten the cantact between cylinder 140 and
inner cylinder 170. FIG. 53 shaws subure clie 3 in a lacked position and FIG. 54
shows suture ciip 3 set on suture 7 ageinst tissue 5.

FIGS. 55-57 show a modification of the dual eylinder embadiment. In this
embodiment, cylinder apertures 178 are formead in the side wall of cylinder 146
Preferably, two coplanar pairs of diametrically opposed cylinder apertures 178 are
provided. Inner cylinder 170 is tapered with the taper increasing from the distal end 1o
the praximal end. An inner cylinder aperture 180 is formad in the side wall of inner
cylinder 170. Suture 7 can be threaded through any combination of a distal end of
sylinder 140, cylinder apsrtures 178 and a proximal end of cylinder 1490 as shown in
FIG. 55. Suture 7 is then treadad through the distal end of inner cylinder 170 and out
through inner cylinder aperture 180. Suture 7 is then threaded through a pusher
aperture 14a formed n pusher 14. Pusher aparture 14a preferably extends fo the
proximal end of pusher 14.

To join the cyiinders together, in one embodiment, cylinder 140 is sat against
tangs 12 of device 1. Inner cylinder 170 is situated in the proximal end of chamber 4
and is forced inte cylinder 140 with pusher 14. The interfacing surfaces of cylinder
140 and inner cylindsr 170 capture sulure 7 and are aided by the tortuaus path
fellowed by suture T within this embodiment of suture ciip 3. The interfacing surfaces
of pusher 14 and suture clip 3 can be used to severs suture T distally of suture clip 3

FIGS. 58 and 53 show a simpler version of suture dlip 3 that includes cylinder
144} with cylinder apertures 178. Suture 7 is advaticed through a first oylinger
aperture then to a second cylinder aperture that is diametrically oppesed to the first
cylinder aperture then to a third cylinder aperture that is substantiaily copianar with the
second cylinder aperture and finglly through & fourth aperturs that is diametrically
opposed to the third aperture, Tension fs then applied to suture 7 that craates friction
between suture 7 and cylinder 140.

“An alternative embodimert involving cylinder 140 and a second aylinder 182
that is aligned perpendicular to the longitudina! axis of cylinder 140. Suture 7 is
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threaded through cylinder 140, through a distal end of cylinder 182 and through a
second cylinder aperture 184 formed in a sidewal! of second cylinder 182, Tsnsion
placed on suture 7 causes friction between the interfacing surfaces of suture 7,
cylinder 140 and sscond eylinder 182 Preferably, the distal end of second cylinder
182 contacts the sidewall of cylinder 140.

FiGS. 60-62 show an aiternative embodimant of the dual cylinder embodiment
in which second cytinder 182 has a locking jaw 186. Jaws 186 have a top tang 188
and a bottom tang 190 that are offset with top tang 186 offset distaliy relative o
betiom tang 190, An optional greove 192 is formed on an uppermost tip of bottom
tang 120 that is adapted to recelve suture 7. Second cylinder 182 is preferably made
of a material that allows for jaw 186 to be flexed from a closed position (as shown in
FIG. 62) to an apen position (as shown in FIG. B3) and back to a closed or semi-
closed pasition.

A slot 124 is formed in the sidewall of cylinder 140 that is sized and adapted to
recelve top tang 188 in locking engagement. Suture 7 is threaded through cylinder
140, through groove 182 and through second cylinder 182 proximally to and thraugh
any device used o place suiure clip 3.

Tie engage cylinder 148 to second cylinder 182, cylinder 140 is placed against
fangs 42 of devica 1. $Second cyiinder 182 is positioned in the distal region of
chamizer 4. Second cylinder 182 is pushed foward cylinder 148 until top tang 188
contacts oylinder 140 and flexes upwardly and over the exterior of cylinder 140
Second cylinder 182 is advanced unfil top tang 188 engages a distal shoulder 196 of
aperture 194 Suture 7 is captured by the interfacing surfaces of fop tang 188 and
hottom tang 196 as shown in FIG. 62.

FIGS. 54 and 65 show a thres tab ambadiment of suture clip 3. In this
embedimsnt, suture clip 3 has two (ateral tabs 200 and a central tab 202, Central tab
202 has a tab flange 204 that preferably extends perpendicuiar te the fongitudinal axis
of central tab 202 and is an integral lateral extension of a bottom face of central fal
202. Tab flange 204 extends from both lateral sides of central tab 202 beyond the
adjacent sides of fateral tabs 200. Suture clip 3 is preferably made of a materiat that
allows for gentral tab 202 to fiex upwardly past the plane occupied by lateral tabs 200
and downwardly past the same plane.
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To use this embodiment of suture clip 3, thread 7 Is advanced over lateral tabe
200 and under central fab 202 that is flexed upwardly as shown in FIG. 64. Central
tab 202 is then flexed downwardty bevond the plane occupied by lateral tabs 200 so
that tab flange 204 contacts the battom surfaces of lateral flanges 260, Suture 7
besomes captured by the friclian created by tha tortuaus path foliowed through the:
tabs of suture clip 3.

FIGS. 66 - 68 show another embodiment using cylinder 140 and a hollow rod
2%0. In this embodiment, a flap 206 is formed in the sidewal of eylinder 140 by
skiving the sidewall. Flap 206 has a ffap apsrture 208 formed therein. A distal end of
flap 206 is bent downwardly so that it occuples part of the: lumen of cylinder 140
Suture 7 is threaded through a distal end of cylinder 140 and threugh flap aperture
208 from a top side of flap 206 and out through a proximal end of eylinder 140. Suture
7 13 then advanced through & rod lumen 212 of a hollow rod 216 that has an outer
diameter that is sized to provide a friction fit with the inner wall of cylinder 140. Hollow
rod 210 is advanced through cylinder 140 within which hollow rod 218 contacts 2
battom proximal end of flap 206, Further advancement of hollow rod 240 forces flap
206 upwardly which captures suture 7 between Hlap 206 and the sidewall of cylinder
140 as shown in FIG. G8.

FIGS, 68-73 shew a variety of embodiments of the wedge prinsipie. FIGS. 63,
70 and 730 show wedge 310 conformed te the shape of a sphere, A wedge sting
i is attached to wedge 310 and is used to apply fenston to forge wedge 310 into &
pliable varsion of cylinder 149. Preferably cylinder 140 is made of a material such as
plastic that ¢an be deformed to receive wedge 310 that has a diameter that is
preferably greater than the diameter of the lumen of ¢ylinder 100. The introduction of
wedge 310 intz cylinder 140 captures a present suture 7 bebwsen the interfacing
surfaces of cyfindar 144 and wedge 310,

FiG8. 71 and 72 shew alternative embodiments of wedge 310 combined with
cylinder 140. FIG. 71 shows wedge 310 being solid with a tapered sidewall. FIG. 72
shows wedge 310 with & bulbous proximal end and a domed cap distal end that has a
dizamester that is preferably greater than the inner dlameter of cylinder 140.  Again,
suture 7 is captured by the mating surfaces of the camponents.

FIGS. 74 and 75 show a further embodiment of suture clip 3 comprised of
wedge 312 and cang 320. Wedge 312 has central aperture 314 and cons 320 has a
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cong aperture 326 that is formed in the sidewall of cong 320, Cene 320 can be
formed with a pointed of flat tip 322. In this embodiment, suture 7 is advancad
through central wedge aperture 314, into a cone cavity 324 formed in cone 320 and
out thraugh cone aperture 326. Wadge 310 is then advanced into cavity 324 of cone
320, the interfacing surfaces of which caplure suture 7. The further wadge 220 is
advanced into cone 320 the greater the caplure force on suture 7.

FIGS. 76-83 show additional smbadiments of suture clip 3 using varlous
shaped wedges. FIGS, 76 and 77 show cylinder 140 with a tapered wedge 310.
Again, the interfacing surfacee of cylinder 146 and wedge 310 capluring suture 7 as
shown in FIG. 77. FiGS. 78, 81, 82 and 83, show a similar embodimeant howsver with
cylincer 140 having a cylinder slot 147 formed on the sidewall and extending from,
and opening on, an end of cylinder 149. As descrihed for pravious similar
embodiments, suture 7 is placed in slot 141 before engagement of cylinder 140 and
wedge 310,

FIGS. 79 and 89 show a yet further ambodiment of suture clip 3 in which
wedge 310 has a cytindrically shapsd main body 313 and a domed and flanged distal
end 315. Suture 7 fs captured by the interfacing surfaces of distal end 315 and the
imer wall of cylinder 144,

FIG. 84 shows device 1 with & suture clip 3 loadsd inte chamber 4. Cylinder
%40 is shown being confined by distal tangs 12 while pusher 14 advances wedge 312
through the lumen of cylindar 140, An annular eylinder channel 143 is formed on the
innar wall of cylinder 140 to receive in mating engagement, an annular flange 347
formed on a proximal end of wadge 312, Sutute 7 enters cylinder 140 via cylinder slot
141 and out the proximal end of cylinder 144. The interfacing swifaces of cylinder 140
atd wedge 312 capture suture 7.

A final category of suture clip embediments fs shows in FIGS. 85 through 102
that involve a cylinder or rod being wrapped with suture 7 and captured with external
sermisirouiar sleaves. FIGS. 85-88 show a rod 400 and a slesve 410 that is preferably
semicircular and more preferably has a hyper serni-circular crass sectional shape that
is sized to releasably [ock onto rad 400. Slesve 410 has sleave apertures 412 that
are preferably formed proximal 1o distal and proximal ends of sleeve 410. Suture T is
threaded through a distal member of the sleeve apertures 412 then wound around rod
400 then ihreadsd through a proximal member of the sleave apertures 412. Sleave
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410 is then clipped onto rod 400 as shown in FIGS, 86 and 87. FIGS. 88, 89 and 21-
95 show an embodiment tn which rod 400 and sleeve 418 ars joined at a praximal
snd. In this embodiment suture clip 3 is made of a material that allows sleeve 410 to
he flexed from an open pasition to a closed position.

FIGS. 80 and 81 shaw a modification of device 4 that can be used to lock
suture clip that incorperates a rod and mafing sleeve. As shown, rod 400 and slseve
420 are mountad in chamber 4. Pusher 14f has a distally extending tapered segment
14e that when advanced distally, forces sleeve 410 1o rotate toward rod 408 ungi
sleeve 410 s locked onto rod 400, A tapered proximal tany 13a provided proximally
to distal tang 12 is situated to contact segment 14e. Full distal advancemsnt of
segment 14e results in segment 14e riding along tang 13e that, in turn, causes the
sutward flexion of finger 9 whick releases suture clip 3.

FIGS. 88-100 show sulure clip 3 in various stages of advancement from a pre-
locked position (FIG. 96) to an intermediate position (FIG. 97 and 98) to a locked
pesition (FIGS. 99-100) adjacent te tissue 5. The process begins by advancing rod
408 down suture 7 toward tissue 5 with a pusher (not shown). Once rod 400 reachas
tissue 5, tension is applied to suture 7. Slseve 410 is then advanced distally along
suture 7 with & pusher (not shown) unfil reaching red 409, Alternatively, rod 400 and
sleeve 410 can be advanced simultaneously by providing sleeve 410 with a suture
contacting surface that has additional friction. Any slack in suture 7 is captured
kretwesn rod 400 and sleave 410 when [locked together. The suture 7 is then severed
by the pusher at a point proximal fo the suture clip 3. The suture capturing effect can
be enhanced by winding suture 7 about rod 400 before Iscking slesve 410 to rac 400.
In glternate embodiments, the mating surfaces of rod 400 and sleeve 410 can be
textured or provided with mating projections and cavities to enhance the frictional
grasp of suture 7. 4 should be notad that a suture tag 7a can be used to anchor a
distal end of suture 7.

FIGS. 101 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 suiure 7 between the interfacing surfaces of rod 400 and slamping jaws 504,
One method that can be used to close damping jaws 500 emplays device 1 with the
medifications showa for the rodssleeve suture clip embodiment. The open end of
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clamping jaws 500 are positioned in ine distal end of chamber 4 against distal tangs
12.

FIGS. 132 - 1580 ibusirate sulure clips having either expandable plugs or
axpandable rings combined with a rigid counterpart ring or plug, raspectively. FIGS.
132 - 134 show a sulure clip 3 somprising a ring 582 and a mesh plug 560. Ring 562
is made from a relatively rigid material such as polypropylene to withstand expanding
forces generated by plug 560. Plug 561 is preferahly made from an expandable

material such as nitihal or an elastomeric material info the mesh pattern shown in FIG.

124, Pluy 562 s configures so that the ritinol mesh has a relaxed state that has an
outer diameter that exceeds the innar diameter of ring 562. Suture 7 is captured
between an innet wall of ring 562 and an outer surface of plug 560 via the radial
outward foree gensrated by ever expanding nitinal based plug 562,

FIGS. 35 - 141 show the delivery of mash plug 562 into ring 568. The
process begins by preleading ring 560 into a suture clip delivery devies 502, Resilient
collet fingers 504 formed ata distal end of delivery device 502, have distal tangs 506
that provide & temporary stop to arrest distal movement of ring 860 prior to cinching
with plug 562, Suture 7is threaded through ring §6€ and through delivery device 502,
A plug delivery catheter 563 dimensioned 1o slide axially through a central bare in
defivery device 502, is preferably preloadsd at a distal end with a plug 562 in a
compressad state. Catheter 563 i advanced until in close proximity to a proximal
adge of ring 560. A ring pusher 524 dimensioned to slide axially within catheter 563 is
advanced distally through catheter 583 to force ring 582 out of catheter 863and into
ring 560.

With the distal exit of plug 662 from catheter 583, the radiaily restraining farce
pravided by an innet wall of catheter 563 is eliminated thereby allowing plug 562 o
expand. Suture 7 is capturad and held by the friction generated by plug 562
axpanding inte an inner wall of ring 562. As shown in FIGS, 138 and 134, plug 562 is
preferably longer than ring 560 so that the ends of plug 562 preferably expand beyond
the: oufside diameter of ring 560 to provide & lecking function to prevent refative axial
movement of plug 562 to ring 56¢. Optionally as shown in FIG. 142, ring §60 can ba
formed with an ant-migration tab 580a that extends inwardly from tha inner wall of
ring 560. Tab 560a operates to prevent relative axial movement of plug 562 by
engaging ene or mara web apertures formad in the mesh struciure of plug 562.
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FIGS. 143 - 150 show an alternate embodiment of the expandable suture clig
component desigh. In this embodiment, plug 562 is the rigid companent and ring 560
s & compressible component. Preferably, plug 582 is formed with diagonal channels
862a farmad on an cuter surfacs while ring 560 Is formed a5 a ribbon dimensicned so
that the spacing between agjacent ribbon sections 560b corresponds with the spacing
of the plug channels 562a. With this embodiment, ring 560 is stressed into an initial
apen, large diameter state for delivery onéo plug 562. Follawing the insertion of suiure
7 into ring 560, plug $62 is inserted inta ring 580 so that sulure T is positioned
between the outer wall of plug 562 and the inner surfaces of ring §60. Once
positionad, ring 560 is allowed 1o transition to a8 smaller diameter relsxed state that
causes the migration of the individual ribbon sections 560b into plug channels 562a.
The tortuous path followed by suture 7 by virtue of the plug channels 562a coupled
with the frictional force generated by the compression of ring 566 results in suture clip
3 being secured against axiat displacement relativa 1o suture 7.

Afurther embodiment of plug 5§62 is shown in FIG. 160. In this emhodiment,
plug 562 is formed with enlarged ends that give plug 562 & “dumbhell® shape. The
diametricalty enlarged ends provide axial stops for mash ring §60.

Referring to FIGS. 121-125, the distal end of 2 iow profile single pusher suture
clip delivering and locking catheter designed primarily headless sufure clip assemblies
is shown generally as 1. A catheter distal end is comprised primarily of a coflet 2 ta
which the other components of distal end 1 are attached. Collet 2 is essentially a
cylinder with two or mare collet fingers 4 extending distally from a distal end of coliet
2. Colfet ingers 4 are biased in an open position. Extending radially inwardly from &
distal end of each collet finger 4 is a collet finger flange 6 that functions as s sfop to
arrest distal advansement of a sutura ¢lip keaded into 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 compenents of a suture clip are releasably encapsulated for delivery to a
sutured tissue site. The cage further functions to align the suture clip components for
assembly.

In & preferred embodiment, collet finger flangas 6 have radiusad outer distal
edges 8 to minimize trauma to a patient and radiused inner distal edges 10 {o sase
loading of suture dip components. In 2 preferred embodiment, cuter distal edges 8
extend radiaily outwardly heyond outer coflet finger walls 14 ta function as & stap for
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an outer sliding sleeve 30 described below. Inner proximal faces of collet finger
flanges 6 are orfented to a longitudinal axis of collet fingers so that a plane cccupied
by flange proximal surfaces 18 farms an angle from about 9C° to about 135° and
preferably about 128" to aptimatly balance the need to provide a stopping function
against the need to not hinder suture clip deployment from the delivery catheter.
Optionally, collet fingar flanges & can be formed to extend radially cutwardly from the
otter wall of collet fingers 4 to act as a distal stop for a sliding sleeve 30.

Finger slots 12 are formad between and defined by collet fingers 4 and function
as egress ports for sutures threaded through the companents of a suture clip loaded
inte the collet cage. Because collst fingers 4 are biased in an cpen position, a radially
constraining force need only be applied to move the fingers from an open, suture ¢lip
loading/releasing position ta a clgsed, suture clip confining position. Altlernatively,
finger collats 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 bedy of collet 2 is set to preferably accommedate at least one sét of
unassembled suture clip compenents along with two unassembled suture ¢lip plugs
62. This distance can be modified to accommodate differant numbers of suture clip
plugs.

Situated within a hallow chambar dafined by the inmer walis of collet 2 is 2
cylindrically shaped pusher 24. Pusher 24 slides freely within collet 2. Pusher 24 is
preferably adapted to matingly engage & proximal end of a suture clip plug situated in
the collet cage. Distal advancement of pusher 24 engages the suture ¢lip plug and
drives the suture clip plug distally into & suture elip ring. Caliet finger fianges 6
function as a stop for the suture clip ring so hat the distal axial force applied causes
engagement of the suture clip components.

Pushar 24 is formed with diametrically cpposed guide tabs 43 that ride axially
within diametrically opposed channels formed in the inner walls of collst 2. Extending
radially outwardly from guide tabs 43 are depressible finger tabs 45.

Situated In coaxial relationship with and freely sliding about collet 2 is quter
sliding sleeve 3@ that performs at lsast two functions; providing radial force against
collet fingers 4 to maintain the fingers in a closed position during suture clip delivery to
a lissue site to minimize potential trauma that could be caused by open collet fingers
and providing a maans to savers the tail ends of a suture that has been secured with
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a suture clip. When advanced distally, sliding sleeve 30 encompasees collet fingers 4
and resticts radial movement of the fingers regardless whather the fingers are biased
in an ogen or closed position.

When proximally retracted, sliding sleeve 30 severs directly or cooperates with
other companents to sever suture matarial proximal to a secured suture clip. i ene
embodiment, a distat end 35 of suture slot 34 engages the sufurs and carries It toward
& distal end of the body of coilst 2 Whan the distal end of sUture slot 34 travels past
the distal end of the hody of collet 2, the sufure is severed. In another embodimant,
sliding sleeve 34 interacts with a fixed culler 42, described helow, to sever the suture
fail ends. In yet a further embodiment suture slot distal end 35 is sharpenad to
perform the severing function when sliding sleeve 30 is proximally retracted.

Diametrically opposed sliding slagve locking slots 47 ars formed in the outer
cylindrical wall of sliding sleave 38 in close proximity to a proximal end of sliding
sleeve 30, Locking slots 47 are adapted fe receive finger tabs 45 of pushar 24.
Interlocking of finger tabs 45 and locking slots 47 provide a means to reiract sliding
slaeve 30 with pusher 24. To retract sliding slepve 30, pusher 24 i proximally
retracted Untl it contacts & proximal end 31 of sliding sleave 30. Upon contact finger
tabs 45 engage locking slofs 47 which allows proximal retraction of sliding sleeve 30
via proximal refraction of pusher 24. To advance sliding sleeve 30, finger tabs 45
have to be manually depressed out of the patient. Sliding sleeve 20 can then be
manually advanced to contain collet fingers 4 in a closed position.

In an slternate embodiment as shown in FIGS. 132 and 133, a pusher head
24a extends from & distal end of pusher 24. Pushar head 24a hag portions geflning
an axially oriznied sleeve pin slot 24b fhat Is adapted to recsive in sliding
engagement, a sliding slecve pin 40a. Sliding sleeve pin 40a extends radially
inwardly frorn sliding slesve 30 and is dimensioned to freely slide axially within sleeve
pin slot 2db. Sleeve pin slot 24b [s positioned within pusher head 24a so that the
pusher Z4/pusher hiead 24a assembly can be advanced distally sufficient to
campletely cinch the suture clip assernbly without advancing sliding stesve 34 past the
dista) end of callet fingers 4. With this arrangement, a proximal end of sleeve pin slot
24b acts as a stop for sliding sleeve 30 and thereby eliminates the need for collet
finger flangies & tu provide a distal stop for siicing sleeve 30. A distal end of sleeve pin
slot 24k is poeitioned so that retraction of the pusher 24/pusher head 24a assembly
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causes the distal end of sleeve pin siot 24k to engage sliding sleeve pin 40a and
refract sliding sleeve 30 a sufficient axial distance fo allow release of the cinched
sulure clip assembly. A subsequent forward advancement of the pusher 24/pusher
head 242 assembly causes the proximal end of sleeve pin siot 40b 1o engage sliding
sleeve pin 40a that translates the distal motion of pusher 24 into a distal motion of
sliding sleeve 34 to retract collet fingers 4 radially inwardly for full retraction of delivery
device 1 out of the patient.

At least one suture slot 34 is formed toward a distal end 32 of sliding sleeve 30
to provide agress for excess suture material that typically extends beyond the arifice
through which the cathatar is inserted. 1t is important that finger slots 12 and suture
slats 34 ars at least partially aligned to allow & path for excess suture material to exit
the suiture clip delivery device. To accomplish alignment with embadiments lacking
sliding sleeve pin 4Da, suture slot 34 functions as an aligmment slot to receive an
alignment pin, An alignment pin 40 is affixad to colist 2 and dimensionad 1o freely
slide within alignment suture slot 34. The length of alignment slot 34 limits the
proximal and distal travel of sliding sleeve 3D. Alignment pin 40 is posiionsd on collet
2 at a point proximal to the distal edge and through a fixed cutter 44, if present.
Suture slot 34 is positioned in sliding sleeve 30 such that at least one fingsr slot 12
and suture slot 34 are at least partially aligned along their longitudinal and radial axes.
Preferably two diametrically opposed sets of finger slots 12 and suture slots 34 are
pravided to allow egress for each end of a suture. Only one alignment pin 49 need be
provided to accomplish radial alignment.

An optional feature of the presently described embadiment is a fixed cutter 42.
Cutter 42 is preferably & metallic ring formed about and affixed {o collet 2 that has a
disfal edge 44 that is sufficiently sharp to sever suture material. The ring is used for
embediments that are preferably injection molded. However, filled or engineared
plastics can be used to obviate the need for fixed cutter 42,

For the single pusher embodiment, & conventional cantral handle (not shawn)
with a single pusher kneb attached directly to the collect cage is used te advance and
refract pusher 24, The contrel handis does not form a part of the Invention.

Ta load suture clip components in the single pusher embodiment, pusher 24 is
fully retracted so that sliding sleeve 30 is engaged and proximally refracted to remove
the radial constraint of collet fingera 4 which expand into &n open position.
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With collet fingers 4 arranged in an cpen position, two stackable suture clip
pkigs can be placed in the collet cage. Next, the ends of a suture 80 that has bean
used to stitch tissue in the nternal regions of an individual are threaded through a
suture clip fing and into thread aperiures formed in a suture clip plug. The suture
ends are then fed through either the same or separate sets of finger slots 12 and
suture slots 34 se fhat the ends of the sUture are arranged extarnal to the suture clip
delivery catheter. The suture clip plug 62 is then pfaced in a proximal end of the callet
cage distal ta the first two suture clip plugs 62 and the suture clip ring 60 is placed in a
distal end of the collet cage whers the ring praferably engages at least one of the
collet ring flanges 6 to prohibit distal travel of the ring. It is to be understaad that the
rollet cage can be sized to accommodate a piurality of suture clip plugs that can be
stacked for deployment into suture clip rings that must be loaded ane per suture
clipping pracedure.

With the suture cfip components loaded, pusher 24 engaged to sliding sleeve
30 via the engagement of finger tabs 45 and locking slots 47 is distally advanced untit
sliding sleeva 30 reaches its maximum distal acvancernent point. At this point, dus to
the length of pushar 24, pusher 24 cannot engage the next suture clip plug 62 untif
finger tabs 45 are depressed to release sliding sleave 30 that enables the oparator ta
digtally reposition pusher 24. Sliding sleeve 24 is sized so that locked engagement
with sliding sieeve 30 prevents the distal end of pusher 24 from coming into contact
with the next suture clip plug without being disengagad from sliding sleeve 3D, This
sanfiguration effectively captivates the suture cfip compenents for delivery fo the
sutured tissue site.

To operale the single pusher embodiment, the control knob attached to pusher
24 js distally advanced. This causes a distal end of pusher 24 to engage the most
proximal suture clip plug B2, The axial force gensrated fs transferrad threugh the two
most proximal suture clip plugs 82 to the third mest distal suture clip plug §2 that, in
turn, engages suture clip plug 68 $o0 that a complete suture clip is formed and cinched
in ¢close proximity to the stitched tissus, Once pusher 24 is maximally advanced to a
bottom out pesition, the contrel kneb is proximally retracted to engage sliding sleeve
30 as described atove. Proximal retraction of sliding sleeve 30 severs the ands of
suture 80 at a point proximal to the assembled suture clip via the interaction of the
distal end of suture slot 34 and efther the distal cdge 44 of cutter 42 or the distal edge
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of the body of eollet 2. Ta remove the catheter from the patient, pusher 24 is again
proximally advanced. Due to the one-way interaction of finger tabs 45 and locking
slots 47, dislal advancement of pusher 24 causes sliding aleeve 30 to be advanced 1o
again radially constrain coflet fingers 4. Pusher 24 s distally advanced until sliding
sieeve 30 reaches maximum advancement. At this poin? the catheler can be safaly
removed from the patient.

To hegin another cycle, a suture clip ting is loaded into the colist cage, |n one
embodiment, a ring loading red or mandref (not shown) is used 1o load rings 66 into
the distal end of the sollect cage. The rod has a diameter that is sufficiently less than
the inside diameter of the rings 80 to allow the free movemeant of rings 80 from the rad
intu the open collet cage. To insert a ring, the rod is forced into the radiused fnger
collet flanges 6 until it stops. The entering ring 5@ has a diameter that is greater than
the: inner diameter of the finger collet flanges 6 that causes the flanges to flex
inwargly. When the ring 60 is advanced preximally past the proximal faces 18 of
flanges 6, the flanges flex back into their initial pasition and captivate the ring. The
rod is then removed. Te prepare for anather suture clip assembling and cinching
cycle, sliding sleeve 30 is released from pusher 24 and distally advanced to radially
constrain collet fingers 4.

tn another embodiment shown in FIG. 126, a dedicated finger hold 7§ is
amployed to advance and retract sliding sleeve 30, In this smbadiment, a collect
finger hold 74 situated at a proximal end of the collet cage provides a finger grasping
point to effectuate relative movement of pusher 24 and sliding sleeve 30. A thumi
ring 72 is provided at a proximal end of pusher 24. To advance pusher 24, finger hold
74 is grasped while thumb ring 72 s advanced relative to finger hold 74, Thia enables
pusher 24 ta engage a suture clip plug to commence engagement of the plug with a
suture clip 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 olip is fully assembled with a
captured suture.

Ta depioy the sulure clip and sever the suiure ends, a sliding sleeve finger hold
76 is graspad and refracted while maintaining hold of thumb ring 72. This severs the
excess suiure malerial. If the collet fingers are pre-biased In an open pasition, the
collet fingars will spring open absent the radially constraining force of sliding sleeve
30 finger cellets 4 are pre-biased on the closed position, a modification to collet 2
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and pusher 24 has to be employad. A ramp 16 is formed on an inside wall of collet 2
&t a point proximal te the area whare the sulura clip compongnts ara placed in the
collst cage. Ramp 18 iapsrs radially inwardly from a distal 16 a proximai end. A
pusher taper 17 is provided proximal to the distal end of pusher 24 and adapted to
angage ramp 16. Preximal retraction of pusher 24 engages ramp 18 that causes
collet fingers 4 to open and release the completed suture clip. To begin a new cycle,
sutwre clip components are loaded it the collet cage and pusher 24 is partiafly
advanced to effactuats the disengagement of ramp 16 and pusher 24 which allow
collet fingers 4 o return 1o the pre-biased closed pesition.

The sUbure clips used with the suture clip defivery catheter describad herein
have plugs without heads. In a preferred embodiment as shown In FIGS. 127-128,
plug 62 that is preferably injection molded, has a main shakt 68 that is adapted to
frictionally engage the inner walls of ring 60. Extending from the distal and proximal
ends of plug 62 are a plurality of plug locking tabs 63 which have outer faces that are
radiused about the edges ta provide sase of advancement into ring 60 which Is also
preferably injection molded. L ocking tabs 63 are formed with sufficient flexibility to
distort to sase advancement into ring o that their overall diameter is reducad while
traveling through ring 60. Once the dista! most losking tabs emerge from the distal
end of ring 60, preferably simultaneous with the contact of the proximal iocking tabs
63 with the proximal end of ring 60, the distal locking tabs 63 spring back o their
original radially expanded state. The diameter of the flanges is set 1o be greater than
the ouiside diameter of ring &0 so that when fully radially expanded, [ocking tahs 63
situated on the proximal and distal ends of plug 62 coaperate to positively lock ring 60
in an axial directicn as shown in FIG, 130,

To reduce the effert needed to advance suture 80 about plug 69, plug guide
slots 67 are formed between the side surfaces of locking tabs 63. A centra) diverter
65 is formed extending from the central distal end of plug 60. Diverter 65 has tapered
sidewalls that increase racially outwardly from a distal to a proximal end. This
configuration facilitates tracking and the radial disposition of sufure 88 into guide slots
67. in one embodiment, diverter 65 extends distally beyond the distal end of plug 62
and an engaged ring 60 so that when the assembled suture clip is appandad to suture
80, diverter 65 contacts the sutured tissue and causes fibrosis which leads 1o a
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thickening of the tissue. Itis believed that this snhances the therapautic sffect of the
procedure in GERD patients.

To permit stacking of multiple plugs 62, a substantially sylindrical plug cahty 61
i3 farmed on the distal end of plug €8 and a corresponding axially extending cylingrical
plug projection 68 ia formed in the proximal end. To ensure positive engagemant,
plug projection 68 is extended above plug locking tabs 63. Plug cavity 8% and plug
projection 8% are sizaed to loosely mate when a plug cavity 81 in the distal end of one
plug is aligned with a plug projection 69 of an adjacent plug. The size tolerances for
the respeciive mating components are maintained sufficiently loose not to inferfere
with suture clip deplayment but tight enough to provide axial and radial alignment
during the application of compressive forces to join 2 plug to a ring in the delivering
and locking catheter described herein.

In pratiice, diverter 43 feeds suture 80 into guide siat 67 that is sized to ailow
the free movement of plug 60 along sutwre 80. This configuration pravides a suture
clip plug that decreases the effort needed to advance the plug over the ends of a
suture before loading into the suture clip delivering and locking device.

Afuriher suture dlip embaodiment employs rings and plugs with interlecking ribs
or scales. As shown in FIG. 137, ribs 80 are provided circurnferentially ahout the
inner wall of ring 60. Corresponding plug ribs 97 are provided about the outer sidewall
of plug 62. The ribs are configured te allow for the advancement of the plug into tite
ring with minimal effort. The ribs are tapered fo allow the plug 1o be inserted into the
fing n a distal direction and create an interference that prevents or resists proximal
retraction of plug 62 out of ring 60. The suture 80 becames entrapped hetween 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 lacking needed such as the Iife
expectancy of the individual. Significant profiles will pravide higher halding forces that
can also adversely affect the life expectancy of the captured suture. The hardness of
the compenents also should be factored inta the design. The profile selected is
preferably easily molded on the plug with the mold pulling off in the correct fashion.
The inner ring detail becomes less of a challenge with the use of a spiral rib that
allows the mold pin to be unthreaded. Optionally, a proximal stop 94 can be

ermployed to limit distal advancement of the plug absent plug locking tabs 83. In the
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embodiment shown in FIG. 131, piug projection 69 and plug cavity 61 are shawn
having mating convex and concave domed surfaces, respeciively.

Referring to FIGS. 134-128, the distal end of a double pusher suture ¢lip
delivery and lpcking catheter is shown generally as 1. Gatheter distal end 1 s
cemprised primarily of a collst cage 2 to which the othar components of distal end 1
are attached. Cellet cage 2is sssentially a cylinder with two or mare collet fingers 4
extending distally from a distal end of collet cage 2. Extending radially inwardly from a
distal end of each collet finger 415 a callet finger flange § that functions as a stop to
arrest distal advancement of a suture dlip loaded into collet cage 2. The combination
of the distal end of collet cage 2, colist fingers 4 and distal flanges 6 define a cage
within which the components of a suture clip are releasably encapsulated for delivery
to 3 suturad tissue site. The cage furthar functions to align the suture clip componaents
for assembly.

In & preferred embodimeant, collet finger flanges 6 have radiused outer gistal
gdges § o minimize frauma to & patisnt and radiused inner distal edges 16 to zase
loading of suture clip components. In a preferred embogiment, cuter distal edges 8
extend radially outwardly beyond outer collet finger walls 14 to function as a stop for
an auter sliding sleeve 30 described below. Inner proximal faces of collet fingsr
flanges 6 are ariented to & longitudinal axis of collet fingers so that a plane ogoupied
by flange proximal surfaces 18 forms an angle from about 90° to about 135° and
preferably either 125° or 90° with 90° being the most preferred to maximizs the
stopping funciion.

Finger slots 12 are formed between and defined by collet fingers 4 and function
as egrass ports for sutures threaded through the componenta of a suture clip loaded
inta the collet cage. Preferably, collet fingers 4 are blased in an open position so that
radial force need only be applied to move the fingers from an open, sutura clip
{oading/releasing position to a closed, suture clip confining posifian. Alternatively,
finger Gollets 4 can be biased in 8 closed position.

Formed on an inner wall and toward the proximal end of collet fingers 4 are
ramps 186 that taper radiafly inwardly from proximal te distal ends. Ramgs 16 funclion
as cam surfaces that when engaged with a pusher, as dascribed below, cause collet
fingers 4 1o open. The distance between a proximal face of collet finger fargas 6 and
the mest distal point of ramps 18 is set fo accommodate at least one set of
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unassembled suture clip components, This distance can be modified to receive the
comgonents for multiple suture clips.

Situated within 2 hotlow chamber defined by the inner walls of collet cage 2 is
an outer pusher 20 that freely slides within collet cage 2. Pusher 20 is preferably a
hallow cylinder. A distal end 22 of outer pusher 20 is formed with & taper on the
outside wall of pusher 20 that preferably conforms to and mates with the angle formed
by ramp 16, Distal advancemant of outer pusher 20 engages pusher distal and 22
with rarmp 16, As outer pusher 20 slides distally along ramp 16, collat fingar 4 is
forced open. Cuter pusher 20 can be usad with aither a collet fingar that is hiased in a
closed position or an open positior.

Situated within the hoflow chamber formed by the walls of outer pusher 20 is
cylindrically shaped inner pusher 24. Inner pusher 24 slidas freely within outer pusher
20. Inner pusher 24 is designed to engage a head of a suture plug situated in the
collet cage. Distal advancement of inner pusher 24 engsges the suture plug and
drives the suture pluy distally into a suture clip ring. Collet finger flangas § function as
a stop for the suture ring so that the distal axial force applied causes engagement of
the suture ¢fip compenents.

Aninner pusher hore 26 is formed in innar pushar 24 and extends from & paint
proximal to the distal end of inner pusher 24 proximaliy 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 foree to inner pusher 24. Use of a wire
provides adequate force to accomplish suture ofip assembly and allows for flexibility
over the length of the catheter.

Situatad in coaxial relationship with and Treely sliding about collet cage 2 is
outer sliding sleeva 30 that performs at least two functions; providing radiat force
against collet fingers 4 to maintaip the fingers in a closad position during suture ¢lip
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
sequrad with & suture clip. When advanced distally, sliding sleeve 30 encompasses
collet fingers 4 and restricts radial movement of the fingers regardiess whether the
{ingers are biased in an open of closed position. In this pesition, sliding sleeve 30
prevents outer pusher 28 from prematurely apening the collsct.
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When proximally retracted, sliding slesve 30 severs directly or cooperaies with
other components ta sever suture material proximal to a cinched sutura clip. in one
embodiment, a distal end of suture slot 34 engages the suture and carries it toward a
distal end of the hody of collet cage 2. When the distal end of suture slot 34 travels
past the distal end of the body of collet cage 2, the suture is severed. In anather
emiodiment, sliding sleeve 34 interacts with a fixed cutter 42, described below, i
sever the suture tall ends.

At least one suture slot 34 is formed toward a distal end 32 of sliding sleeve 30
fo provide egress for excess suture material that typically extends beyond the orifice
through which the catheter is inserted. it is important that finger slots 12 and suture
slots 34 are at least partially aligned to allow a path for excess suture materfal to exit
the suture clip delivery device. To accomplish alignment, ar alignment siof 36 is
formed pretarably near a proximal end of sliding sleave 30, An alignment pin 40 is
affixed to coliet cage 2 and dimensioned to freely slide within aiignment siot 36. The
length of alignment slot 36 limits the proximal and distal travel of sliding sleeve 30.
Alignment pin 40 /s positioned on collet cage 2 and alignment slot 38 1s positioned in
sliding sieave 30 such that at [east one finger slot 12 and suture slot 34 are aligned
along their longftudingl axes. Preferably two diametrically opposed sets of finger slots
12 and suturs slots 34 are provided to allow egress for each end of & suturs.

An optional feature of the presently described embodiment s a fixed cuiter 42
Gutter 42 is preferably a metallic ring formed about and affixed to collst 2 that has a
distal edge 44 that is sufficiently sharp to sever suture materal. The ring is used for
emhodiments that are preferably injection moided. However, the use of filed or
sngineered plastics can be used to obviate the need for fixed cutter 42,

For the double pusher embodiment, a pistol grip control handle, well knowr in
the art, is used to manipulate the various sliding comtponents of the catheter. As
shown in Fi, 139, pistol grip condrol 50 has three control surfaces for advancing and
retracting the inner pusher 24, the outer pusher 20 and the outer sliding sleeve 30. A
first confral knob 82 and z secend control kinob 54 are coaxially arranged at 2
praximal end of pistal grip 80 and operate inner pusher 24 and outer pusher 20,
respectivaly. A third cantrol knob 56 extends from & top surface of, and in the distal
end of, pistof grip 80. Third contrai knob 56 is connected to and operates outer sliding
sleave 30.

JP 2004-500206 A 2004.1.8



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

(98)

W 01266001 POTIUSOINTIEY
44

The first control knob 52 is cornected ta inner pusher 24 via a wire {nat shown)
that is preferably 0.030 inchse i diamster and that fite within and frictionally angages
the walls defining inner pusher bore 26, The second coentro! knob 54 is connected fo
cuter pushet 20 via a first hypotube (not show} coaxially arranged about the inner
pusher wire ang that is preferably 0.042 inchss in diameter. The pistol grip control 50
is attached to the catheter distal end 1 (the collect cage assembiy) by a second
hypotube 3 that is preferably 0.050 inches in diameter and coaxially amanged about
the first hypeotube. The third contrel kneb 54 is attached to sliding sleeve 30 via & third
hypotube (nat shown) that is preferably about 0.065 inches in diameter and coaxially
arranged about the second hypotube. Bushings between the hypotubes are provided
in the collet cage assembly to seal the assemily and do not form a part of the
invention. Preferably, the outer diameter of the catheter distal end 1 is 0.067 inches
when all the companents are assembled. This ensures a wide application of use for
the irvention.

Ta load suture clip camponents In the deuble pusher embodiment, first canirol
knot §2 and third control knob 56 are piased in proximally refracted positions. If coliet
fingers 4 are biaged (n an open pesition, second control knob $4 can also be placed in
a proximally refracted position. Otherwise, second confrol knab 54 is placed in a
distally advanced position to open collet fingers 4 by causing distal end 22 of outer
pusher 20 to engage ramps 16.

With ceilet fingers 4 arranged in an open pesition, ends of a suture 80 that has
been used to stitch tissue in the internal regions of an individual are threaded through
a suture cfip ring and inte fhread apertures formed in a 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 external to the suture clip
delivery catheter. The suture clip plug is then placed in a proximal end of the callet
cage and the suture clip ring is placed in a distal end of the collet cage where the ring
praferably engages af least one of the collet finger flanges 6 to prohibit distal travel of
the ring. It is ta be understood that the collet cage can be sized to accomimodate a
plurality of suture clip plugs that can be stacked for deployment into suture clip rings
that must be loaded ahe per suture clipping procedure.

As shown in FIGS. 148 and 141, with the suture dlip components loaded,
second confrol knob 54 is retractad if previously advanced, and third contrel knob 56
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is distaily advanced so that outer sliding sleeva 30 engages and applies a radially
constraiming force to collet fingars 4 to maintain the fingers in & closad position during
insertion of the catheter into a patient. In tnis configuration, catheter distal and 1 is
advanced to the suiure-clipging site in a patient.

To operalg the double pusher embodimant, first contrel knob 52 is distally
advanced so that inner pusher 24 engages the suture clip plug and forces a distal
shaft of the plug info the suture ¢llp ring. The frictional engagement of the stture <lip
plug to the suture clip ring captures the suture 84 via frictional engagement as shown
n FIG. 142. The advancement of inner pusher 24 also causes the suture clip
components to be cinched in close proximity to the stitched fissue. Onca the plug has
been secured to the ring and the assembled suture clip cinched to the stifched tissue,
third control knob 56 is refracted to release the radial force applied to the collet fingers
4 by sliding sleeve 30. The preximal ratraction of sliding sieeve 3G also causes a
distal and of suture slot 34 to engage suture 80 and carry it proximally fowerd either
the sharp distal end of the collst cage 2 or the distal edge 44 of fixed cutter 42 as
shown in FiG. 143, When the distal end of suture slot 34 passes proximally beyond
either the distal end of the collet body or distal edge 44, the suture is severed proximal
o the assembled clip as shown in FIG. 144, The severed ends of the suture can then
be pulled oui of the individual.

If collet fingers 4 ate biased in & closed position, second control knob 54 is
distally advanced to ramp open the collet fingers to release the assembled plug as
shown in FIG. 145, Onee the suture clip has been released as shown in FIG. 146,
second control knaol 54 is retracted and third confro! knok 56 is advanced to place
collet fingers 4 in a closed position to reduce the potential for trauma when the
catheter is removed from the individual.

In an alterrate embodiment, outer pusher 20 is eliminated as shown in FIG.
147. Optional fixed cutter 44 is also not present in FIG. 147, [n this alternate
embadiment, collet cage 2, cuter sliding sleeve 30 and inner pusher 24 are configured
the same as with the double pusher embeodiment. Ramps 16 formed on the fmer
walls of the collet fingers can be eliminated. To ramp open the collet fingers, the
proxisnal surfaces of the colet finger flanges 6 are preferably provided with a taper
that increases radially inwardly from a proximal to a distal end ana that preferably
forms an inclusive angle with the bady of the associated collet finger of preferably

JP 2004-500206 A 2004.1.8



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

(100)

W 01266001 o POTIUSOINTIEY
from about 128 to about 135° to gerform the cam function of ramps 16. Like the
dauble pusher embodiment, sliding sleeve 34 is maintained in a distally advanced
pasition te radially constrain collet fingers 4 while inner pusher 24 is distally advanced
to secure the suture clip components and cinch the assembled suture clip to the
stitched tissue.

When inner pusher 24 is proximally advanced, a distal edge of the suture clip
ring engages the haveled surfaces of collet finger flanges 6 the cambination of which
generates a ramp opening force against the consirained 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 aid
the opening process and facilitate release of the assembled suture clip. As with the
doubie pusher version, sliding sleeve 30 is again distally advanced to constrain collet
fingers 4 for removal of the catheter from the individual. Essentially, elimination of
outer pusher 20 reduces the three-step process of the double pusher embadiment to
the two-step process of the single pusher embodiment.

Anather embadiment of the single pusher system employs ramps 16 with or
witheut the tapered collet finger flanges 6. In this embodiment, the collet cage
assembly is used with a sulure clip that (s comprised of a ring 60 and a plug 62 having
a head 64 with a chamfared adge 66, as shown in FIG. 148, that engages and mates
with ramps 16 to ramp open fingsr collets 4 when the plug is distally advanced. This
canfiguration is applied particularly with collet fingers that are biased in a closed
posftion.

In & further collet cage assembly embodiment, the need for resilient collet
fingers is eliminated as shown in FIGS. 165 — 171. Refamring to FIGS. 165, 166, 168
and 172, collet cage 2 has a collet cage bady 2a with axially oriented finger slots 2h
tshown in FIGS. 170 and 171), dimensioned to receive pivot collst fingers 4a. Formed
n a sidewall of callet cage body 2a are collet pin apertures 4d {shown in FIGS. 170
and 171), adapted to receive collet finger pin 4¢. Collet pin apertures 4d are formed
an either side of each finger skt 2a end are aligned in pairs to receiva rod-shaped
collet finger pin 4¢. Formed in the bedies of pivot collet fingers 4a are finger apertures
4e alsa adapted to receive coliet finger pin 4¢. Fin 4¢ is secured withit collet pin
apertures 4d via friction fit, adhesive or mechanical manipulation of pin 4c to cause
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the cold flow of material at the ends of pin 4&. The materials used for collet cage body
2a and collet fingers 4a dascribad hareln provide sufficient lubticity to allow for the
free rotation of collet fingers 4a about pin 4c.

Pivot collet fingers 4a have the same distal finger flanges 6 with beveled inner
surfaces fo provide a temparary axial stop for the suture Slip compeonents as described
for the resilient collet finger embodinents. Collet fingers 4a have broximal ends 4F
dimensioned s¢ that shortest distance between bwo opposing collst fingsrs 4a /s a
dimension . The transition between proximal ends 4f and the main body of fingers
4a forme a shoulder 4b positioned proxima! te the paint of connection to pin 4¢. In
this configuration, collet fingers 4a acts as dogs that are radially constrained in a
position parallel to a central longitudinal axis of collet cage body 2a via a temporaiy
radial constraint. A radially extended distal end of pusher 24, plug head 64, plug 62 in
headless embadiments, or other componenis can act as the source of the radial
constraint by virtue of having diamsters that are just slightly less than distance D.

Restraintis accomplished, as shown in FIG. 165, when the restraining
companent (plug head 64 in FIG. 165}, is pesitioned ko contact collet finger proximal
ends 4f in a pre-cinched condition. Once the restraining component is advanced
distally past proximal ends 4f, as shown in FIG. 157, the suture clip components, i e,
plug 82 and ring 60, are cinched and collet fingers flanges 6 are free to ratate radially
outwardly fo release the cinched suture clip. As with other previously described
embodiments, the same distal advancement of pusher 24 causes a suiure (not
shown) to he severed proximal to the suture clip companents. With the pivoting collet
fingers, sliding sleeve 30 can be eliminated, If desired, hecause radial restraint is
provided internaily. :

Shown tn FIG, 168 is an alternate embodiment of the pivoting collet finger
design that eliminates the nead for pin de and any potential problems with wall
thickness and removal of cross-sectional erea nherent when farming finger apertures
4a in pivot coffet fingers 4a. A pivot ring 30a is secwred fo the exterior of collet cage
bady 2a at a point along the length of pivot collet fingers 4a. As with the previausty
described embodimant, radial constraint is provided by pusher 24, plug 62 or by some
other component when the system fs in a pre-cinched condition, Once the
constraining compenent 1s advanced distally past collet finger proximal ends 41, pivot
collet fingers 4a pivot about a distal edge 30b of pivot ring 30a such that collet finger
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flanges § rotate radially outwardly to allaw the releaze of the cinched suture clip
components.

In a preferred embodiment of the single pusher systern, the entire collet cage 2
is miniaturized to allow for collet cage 2 and the attached hypotubes to fit within the
working channel of an endoscops. The miniaturized collet cage 2 and a control
handi 90 for the colist cage are shown In FIGS. 157, 183 and 154. Preferably, the
outer diarmeter of callet cage 2 is about 0.094 inches and the length is about 0.42
inches to easily accommodate the space availablz in the working channel of an
endosecope {typically betwssn about 0.110 and 0.115 inchas) and more parficularly to
enable negotiation of the 45° hifurcation that is typically located toward the distal end
of an endascope.

Callet cage 2 is connected to control handle 80 via a collet cage hypotube 3.
Preferably, hypolube 3 is laser welded to collet cage 2. A proximal end of coilet cage
hypotube 3 is attached to a collet cage handle bushing 100. Bushing 100 is used to
allow for laser welding of hypotube 3 to a collet cage handle 98. Cellet cage handle
98 parforms the function of orlenting the axial relaficnship of collet cage 2 ta the twa
axially moving compohents, sliding slseve 30 and pusher rod 84 (pushar 24},
Situated about collet cage hypotube 3 is sliding sleeve hypotube 3a. A distal end of
hypotube 3a is attached via laser welding to sliding sleeve 30 and a proximal end is
aftached to a sliding sleeve bushing 104. This enables hypotube 3a to be laser
welded to a sliding sleeve handle 102. Sliding sleeve handle 102 is used to cantrol
axial movement of sliding sleave 3D relative to collet cage 2. To increase the (ubricity
of the system for ease of delivery through an endescope, an outer sheath 3b
(preferably made from polyetherblockamide tubing, white (2% TiO:) is adhered to
sliding sleeve hypotube 3a with an adhesive such as Tra-Bond® #FDA-2 apaxy.

Pravided within collet cage hypotube 3 is pusher rod 84. As described above,
pusher rod 94 (inner rod 24 in other embediments) is used to cinch plug 62 into ring
0. A proximal end of pusher rod 94 is secured ta an interior bore of a cinch handle
nsert 96 via ping ar screws 107 and helicalls 108 shawn in FIG. 164. An extetiar
surface of cinch handle insert 96 is secured via ping or screws {not shown) ta cinch
handle 92.

The preferred materials used to make the various collst cage 2 and cantrol
handle 9¢ components are as follows. Collet cage 2, sliding cutter sleeve 30,
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alignment pin 48, inner rod 24, sliding sleeve bushing 104, cage handle hushing 108
and cinch handte insert 86 ara made from sither 204L or 216L stzinless steel. Pusher
rod 84, coltet cage hypotube 3 and sliding sieeve hypotube 3a are made from 304
stainless stegl. Sliding sleeve handle 162, collet cage handle 98 and cinch handle 92
are made from Delrin®. To enhance the distinction among the three handles, each
can be made from 3 different cofor of Delrin®. For example, sliding sieeve handle 102
can be red, collet cage handla 98 can be white and cinch handle $2 can be black.

In an alternate embodirment, cotitrol handle 90 can be provided with springs to
ensure that the proper arientatian of the maving parts is maintained before and after
the defivery and cinching of the suture clip components. First return spring 105
provides an axial force that maintains pusher rod 84 in a proximal pesition while
second return spring 106 provides an axial ferce that maintains sliding cutter sleeve
30 in & distal position. The springs are selectad to provide enotigh tension to maintain
the pusher rod and sliding cutter sleeve In staning positions when advancing and
retracting the suture clip delivery device, This provides desired pratection to an
endescope that could potentially be damaged if callst fingsrs 4 where allowed to
rermain in radially extended positions when advancing or retracting the delivery device
in the endescope. The springs are further selected so that the manual forces needed
ta overcome the springs to advance pusher rod 84 and te refract sliding cutter sleeva
30 are within acceptable ranges.

In a further embodiment shown in FIGS. 159 - 162, a control handle 80°
provides a maans of cinghing the suture clip components, releasing the cinched
suture clip and sevaring the suture taifs with a single action. In this embadiment, a
handle maln body $8a extends distally and terininates as collet cage 2. An outer
handle slesve 98b is provided about main body §0a, extends distally and terminates
as sliding sleeve 30. To secure plug 62 inte ring 80, a distally directed force is applied
to cinch handle 927 to overcome the forse of second return spring 106 which has an
axial pre-bias load in tension. Distal advancement of cinch handle 92 relative to
handle main body 90a causes second refurn spring 106 fo engage 3 proximal snd of a
ramrod 94a and cause the distal advancement of ramred 94a inte a proximal end of
pusher 84 Distal advancement of pusher 94 causes engagerment and distat
advancement of plug 62. Second retlrn spring 106 is of sufficient resiliency to resist
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compression while maving ramrod 94a distally to effectuate the insertion of plug 62
into ring 60.

A restraining fores to held outer handle sleeve S0b and sliging slesve 3¢ ina
stafionary position relative to advancing ramrod 94a and cinch handle 82 is provided
by a user's fingars engaged in finger rings 5a, mounted 1o & proximal end of cuter
handle sleeve 90b. Spring plunger 30a provided at the proximal end of suter handle
sleeve 80b, engages cutout 30b forimed in handle main body 80a to temporarily lack
outer handle sleeve 90b and main body 90a together during distal advancement of
rarnrod 84a. Spring plunger 30a, biased in a radially extended position by a plunger
spring 36d, remains extended and in a locked posifion with respect to main boagy 80a.
Plunger spring 30d have an axial pre-bias load in tension. Spring plunger 30a may ke
compressed only when the distal angular face 18a of cinch handle 92 has advanced
distally to a point of tangency with angular face 19 of spring plungers 30a. Distal
movement of the distal angular face 16 drives spring plunger 30a in 2 direction
perpendicuiar to the central axis, 2 distance equivalent to the thickness 20a of the wall
aof cineh handls 92. At this point, the restraining forces provided by the user's fingers
{in a preximal direction), acting on main body 90a through finger rings 5a, have been
restrained. The locking action of spring plunger 30a is an interaction of a radial
surfacs 22a with pusher face 21. Alignment of angular fase 19 with angular pusher
face 21 results in continued radial outward metion of spring plungar 30a with the
coniinued distal motion of main hody 90a.

Main body 90a continues distally with the application of palm pressure on cinch
handle 82 and the relative opposite motion of finger rings 5a (proximally}. Suture 80
(not shown), lying In & path of sliding sleeve 30 is severed with the proximal travel of
sliding sleeve 36, Collat fingars 4 are now unrestrained and assume their biased
open position releasing cinched plug §2 and ring 60.

In the: most refracted stage of sliding sleeve 30 and finger fings 5a, a second
spring plunger 23 drops into a second cutout 30c. Second spring plunger 23 is
maintained in a compressed state via second plunger spring 30e. Secend plunger
spring 30e has an axial pre-bias load in compression. Second spring plunger 23
remains in secend cutout 30e only with the application of a force by the user's thumb
on the mest outward end of second spring plunger 23. This femporary locking feature
is provided to maintain sliding sleeve 30 in its most proximal position 1o allew for
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loading of plug 82 and ring 60 as described in detail herein. Release of the hoiding
prassure automatically releases sliding sleeve 30 to affect a closure of the delivery
system.

To aperaie this embodiment of the suture dlip delivary system, foilowing the
loading of a suture clip assembly and the threading of suturas through ring 60
described below, the entire delivery device is advanced through the endoscope to the
sutured tissue site. Next, cinch handle 92 is advanced toward collet cage handle 98
to cinch plug 62 into ring 60 so that sufura 80 is captured between the maling surfaces
of a plug distal shaft 88 and the inner walls of fing 60. Fallowing complation of the
cinching step, sliding sleeve handle 102 Is rsfracted toward collst cage handle 88 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 prosedure, the
suture clip delivery system is partially retracted so that fhe suture ¢lip is clear of the
delivery system distal end. Prior to full retrsction, sliding sleeve handle 102 is
advanced to mave collet fingers 4 infc a closed position to allow for the full retraction
of the suture clip delivery system out of the endoscope. With the spring embodiment
of the handle (FIG. 164), release of the users’ grip on sliding sleeve handle 102 allows
firat return spring 105 to relax thersby advancing sliding sleeve handle 102 and sliding
cutier sleeve 30 to a preferably fully advanced pesition.

The suture clips used with the suture clip delivery catheter andfor endescepic
system described herein, have plugs with heads. in ansther embodiment as shown in
FIG. 148, plug 62 has distal shaft 68 that is adapfed {o frictionally engage the Inner
walls of ring 60 and a head 64 that has preferably two suture receiving bores 70
formad toward the perimetar of the head 84. This configuration provides a suture clip
plug that decreases the sffort needed fo advance the plug over the ends of a suture
before loading into the suture clip delivery device.

in a preferred embodiment shown in FIGS. 150-152, the inner and outer walls
of ring 60 are radiused at the ends 74 to facilitate the insertian of distal shaft 68 into
fing 60. More importantly, the ragiused ends provide strain relief for the sutures 80
when compressed between the plug 62 and ring 60. To further facilitate insertion,
distal shait 68 is formed with a taperad distal tip 72, Altsrnatively, a reduced nack
distal fip 72a can be employed as shown in FiG. 153. Although intetlocking features
£an be incorporated into the plug and <lip components, it has been found that such
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features can lead to suture fraying, premature fracturing and failure. Use of tapered or
redused tipped plugs 62 allow for a preferred gradual reduction in compression. i has
been found that suture capture is oplimized and suture destruction is minimized when
& distally decreasing taper leading end is used on plug 62 with a proximally increasing
diamater of plug 62 to exceed the nat diameter of the suture 80 in a captured state
pius the diamater of plug 62 by at least G02 inches. The preferred materials used io
make plug 62 and 7ing &9 are palyetherether ketone (PEEK) 450G, PEEK-Optima™
LT or polysthylons tersphthalate {PET).

As previously stated, suture 88 is held via friction between plug 62 and ring 60.
Fer exampls, 3 .002 inch thick suture is captured in a .003 inch gap between plug 82
and ring 60 so that the suture will remain captured with the application of a fwee
pound load. The aforementioned radiused and tapered surfaces of plug 62 and ring
80 provide engugh sfrain relief fo prevent damage te suture 80 when subjected to the
three-pound [oad,

A further suture clip embodiment employs & head with a proximal suiface that
Is convex as shown in FIG. 148. Prefarably, the distal end of inner pusher 24 is
provided with & concave surface to matingly engage the convex surface af plug head.
This configuration aids with the axial alignment of the ring and plug during distal
advancement and engagement.

To lead the suture clip assembly into cellet eage 2, 8 suture dlip loader davice
1148 is provided as shown in FIGS. 154-186. Loader device 110 comprises a loader
housing 112 that is substantially cyiindrical in shape and a plunger 114 that is also
substantially cylindrical in shape. Loader housing 112 has a collet cavity 116 formed
in 2 first end 118 that is dimensioned to receive collet cage 2. Gollst cavity 116 has a
cavity end 120 tapered to facilitate insertion of collet cage 2. Formed on diametrically
opposed surfaces of a sidewall of loader housing 112 are finger grooves 122 that
pravide a stable holding surface for manipulating loader housing 112 during a suture
clip loading procedura. A loader hypotuba 124 is secured with an adhesive 126
(prefsrably cyanoscnyate Loctite® 4013 or 4014} 1o a leader hypotube shoulder 123
and a bore formed alang the longitudinal axds of kader housing 112, Loader hypofube
124 extends from a second end 130 of ioader housing 112 fo at least partially within
collet cavity 116 and is dimensioned 1o receive ai a distal hypofube end 125, the

JP 2004-500206 A 2004.1.8



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

(107)

WU 01/66001 POTIUSOINTIEY
S8
tapared distal tip 72 of plug 62. A transverse groove 128 is formed proximal to second
end 130 of leader housing 112, The function of groove 128 will be discussed below.

Plunger 114 comprises a plunger heag 132 and a plunger rod 134 secured via
friction fit or adhesive in a bare formed along a longitudinal axis of plunger head 132,
Plunger rod 134 is sized o freely stide within hypotube 124. Extending from a first
plunger end 136 of plunger head 132 is tab 138. A top surface of tab 138 Is contoured
likey, and coplanar with, the outer surface of plunger head 132 while a bottom surface
is substantially ffat and ariented substantially perpendicular to first plunger end 136.
Extending downwardly from a distal end of tab 138 is a flange 140 that is shaped to
canform to the shape of groove 128. Optianally, plunger haad 132 can be formad with
a radiused second plunger end 142 for ease of handling.

The ciess-sectional diamater of plunger head 132 is sized so thel the distance
between the bottom swrface of 1ab 138 and the maost distant point on the gross-
sectional sircumierence of plunger head 132 is substantially equal te the cross-
sectional diameter of loader housing 112, When plunger rod 134 is inserted into
hypotube 124, the bettom surface of tab 138 rides along the eUter surface of loader
housing 112. Because flange 140 extends bejow the botlom surface of tab 138,
advancement of plunger 114 toward loader houzing 112 results in flange 140
engaging groove 128 and temporarily locking in the distance betweaen plunger 114
and loader housing 112. In this orientation, a distal end of plunger rod 134 does not
reach distal hypotube end 125 so that plug 82 can be raceived in hypotubs end 125,

The preferred materials for the suture clip loader device 110 components are
a5 follows. Plunger head 132 is made from Delrin® and is preferably white. Plunger
rod 134 {s made from 204V stainless stesl. Loader hypotube shoulder 123 is made
fram 304 stainless steel. Loader housing is made from polycarbonate GE Lexan®
104-1111 and is preferabiy clear fo allow for an unchsiructed view of hypotube end
25, Hypotube 124 is madae from polyetherether ketens (PEEK) 4500,

The operation of suture clip loader device 110 is as follows. The procass
bagins by placing ring 80 over hypolube 124, Nexi, the distal tip 72 of plug 62 is
ingerted intp hypotube end 4125 untll it [s snugly secured to hypoiube 124. At this
point, plungar 114 is secured fo loader housing 112 via the engagement of flangs 140
to groove 128.
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With collet cage 2 extending from the distal end of an endoscoepe, sliding
sleave 30 is retracted ta allow colfet fingers 4 to spring inte an open position. Coliet
cage 2 is advanced over hypotube 124 and ring 60 untll the distal end of caollet cage 2
engages a botlom of collet cavity 116. Once the suture clip campenents have heen
correctly encapsulated by coliet fingers 4, force is applied to plunger 114 to overcome
the weking engagernent of flange 140 and groove 128, This enables plunger rog 134
to be advaneed through hypatube 124 to contact and eject plug 62 into collet cage 2.
Proper ejection is assured when first plunger end 136 contacts second end 130 of
loader housing 112, To capture ying 60 within collet cage 2, sliding sleeve 30 is
advanced to mova callet fingers 4 into a closed position abolk ring 60 and hypotube
124. Collet finger flanges 8 engage a distal face of ring 80 so that retraction of collet
cage 2 fram hypotube 124 results in ring 80 being retracted off hypotuba 124 and
secured within the distal end of collet cage 2.

Itis important that plug 62 is maintained in the proximal end of callst cage 2
and that ring 60 is maintained in the distal end of coliet cage 2. This is reguired fo
anable sutura 80 to be threaded through ring B0 grior to cinching and final deployment
of the suture clip assembly.

The next step in the procadure is to thread sutures previously secured 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 threader housing 152 that (s
substantially cylindrical in shape and preferably made fram polycarbonafe GE Lexan®
104-1111. Formed on diametricaily opposed surfaces of a sidewall of threader
housing 162 are threader finger grooves 160 that provide a stable holding surface far
manipulating threader hotlsing 152 during a suture threading procedure. Affixed to a
baore formed along the [ongitudinal axis of threader housing 152 is suture loop
hypatube 154 An adhesive 158 such as cyancacrylate Loctite® 4012 {clear) is usad
to secure suture loap hypolube 154 (preferably made from 304 stainless steel}, to
threader housing 152. A suture loop 156 preferably made of two thin 304y stainless
steel wires is secured inside suture loop hypetube 154 and extends beyond a distal
end 162 of suture lcop hypotube 154, A suture loop distal end 164 is formed into a
diamand shape by overlapping the stainless steel wires. Preferably, a tip of the suture
loop distal end is formed by ovarlapping the wires at least twice.
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To thread suture 80 through ring 60, suture loop 156 of threader 150 is inserted
into suture slot 34 of sliding sleeve 30, advahced through ring 60 and through the
distal end of collet cage 2. Suture 80 is inserted into the diamond-shaped suture laop
distal end so that it engages and preferably becomes entangled with the intertwined
distal tip of suture loop distal end 164. To thread suture 83 through ring 60, threader
150 is refracted out of sulure slot 34. Suturs 80 is then removed from threader 150.
The suture clip assembly is now ready for cinching and deployment as described
abave.

In an alternate embodiment, threader 150 comprises a vacuum-actuated nozzle
150" made from a pliable polymeric or alastemeric material. As shown in FIGS, 176
and 177, a nozzle head 178 is formed at the and of a vacuum hose 168 and adapted
to cenform fo the centoured shape of coliet cage 2. A proximal end of vacuum hose
168 {not shown) is attached to a vacuum source {not shown}. In a further
embodiment shown in FIGS. 178 and 179, nozzle head 178 is formad with nozzle ears
170" that preferably extend about and beyond collet cage 2 to enhance the ease with
which the nozzle head can be secured against suture slot 34, sgain with either finger
or forceps pressure.

Teo operate nozzle 150', nozzle head 170 is maintained against suture slot 34
with either finger pressure or pressure exerted with forceps while a vacoum is applied.
The vacuum draws suture 80 through ring B2 and ouf of collet cage 2 via suture slot
34. The vacuum is then released, nozzle head 170 is removed from collst cage 2 and
suture 80 is grasped and pulled & desired amount through ring 60 ang collet cage 2.

It should be understood that the foregoing description of the inventian is
intended merely to be illustrativa thereof and that other modifications, embodiments
and gquivalents may be apparent to those who are skifled in the art without departing
from its spirit. Having thus desecribed the invention what we desire to claim and
sacure by letters patent is:
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Claims
1. A sufure clip delivery catheter comprising:

a control ha’mcﬂe;

a collet having a body and a plurslity of collet fingets extending from a distal
&nd of the body;

a hypotube connecting the control handls to tha collet;

an oufer sleeve situated ceaxially about the collet such that the sleeve fraely
slides along a longitudinal axis; and

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

lengitudinal axis of the delivery catheter.,

2. The cathater of claim 1 wherein the plurafity of collst fingers further comprise
flanges extended radially inwardly from a distal end of each of the plurality of collet

fingers.

3 The catheter of claim 2 wherein at l2ast one of the pluratity of collet fingers has
aramp formed on an inside wall that tapers radially inwardly from a proximal to a
distat end sueh that fhe combination of the collet fingers, ramp and flanges define a

suture clip 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 fingsr slots.

6. The cathater of elaimn 5 wherein the auter sleave has portions defining at least

ana suturs slot situated proximal to a distal end of the sleeve.
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7. The cathater of claim 6 wherein the sleeve has furiher portions defining an

alignment siot situated praximal 10 the suture slot.

3. The catheter of claim 7 wherein the callet has an alignment pin farmaed on an
outer callet wall ardapied 1o engage and siide within the alignment slot such that at

least one of the finger slots radially aligns with the suture slat,

8. The catheter of claim & wherain the at lzast one finger slot longitudinally aligns

with at least 2 portion of the suturs slot,

18, The catheter of claim 2 whersin a proximal face of the flanges forms an
inclusive angle with a longitudinal axis of an adjoined coliet finger of from about 80° to

ahout 135°.

1. Asuture clip delivery cathater comprising:

a collet having 2 body and a plurality of collet fingers extending from a distal
end of the body:

an outer sleeve situated coaxially about the collet such that the sleeve freely
slides along a longitudinal axis;

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

a seeond pusher situated coaxially about the first pusher ancdt coaxially within

the collet that freely slides along a longitudinal axis.

12, The cathefer of claim 11 wherein the plurality of collet fingers further comprise
flanges extended radially inwardly from a distal end of 2ach of the plurality of collet

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

suture clip cage.

4. The catheter of clairm 12 wherein tha flanges are radiused or outer and inner
distal edges.

15, The catheter of daim 11 whersin each of the plurality of collat fingers has

sidewalls that dafine finger slots.

18.  The catheter of claim 15 wherein the culer sleeve has portions defining at least

ohe suiure slot situated proximal to 2 distal end of the slesve.

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

alignment slot sifuated proximal to the sutura slot.

18.  The cathater of claim 17 wherein the collet has an alignment pin formed on an
outer collet wall adapted to engage and slide within the alignment slot such that at

least ona of the finger slots radially atigns with the suture slot.

19, The catheter of claim 18 wherein the at least one finger slot longfudinally aligns

with at least a portion of the suture slof.

20.  The catheter of claim 12 wherein a proximal face of the flanges forms an
inclusive angle with a longitudinal axis of an adjoined collet finger of from about 90° to
sbout 135°
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21.  The catheter of clalin 13 wherein a distal end of the second pusher is tapered

1o matingly engage the ramp when the second pusher is distally agvanced.

22, A methed of delivering a suture clip to a sutured tissue site comprising the
steps of:

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

praviding & pusher inside the collef bady in coaxial relation with the collet body;

providing a sliding sleeve in coaxial relation about the collet;

loaing & suture ¢lip plug having a proximal head end a suture clip ring into the
suture clip cage;

advancing the suture Gip cage [o & sutured tissue site;

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

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

retracting tha sliding sleeve to releasa the suture ¢lip.

23, The methed of claim 22 further comprising the steps of:
providing suture slats in the sliding sleeve for receiving suture ends; and
threading ends of a suture through the suture slots and through the suture clip
plug and suture ¢lip fing.

4. The methad of claim 22 further comprising the stens af

retracting the sliding sleeve to saver the suture ends.

25 A method of delivering a suture clip to 2 sutured tissue site comprising the
steps of:

providing a coliet having a body and a plurality of collet fingers sxtanding
distally from the body that dafine a suture clip cage;

JP 2004-500206 A 2004.1.8



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

(114)

W 01266001 o POTIUSOINTIEY
providing a first pusher inside the collet body in coaxial relationship;
praviding a sgcond pusher situatad in coaxial relation about the first pusher and
within the coliet body;
providing a sliding sieeve in coaxial relation about the collet;
loading & suture ¢lip plug having a proximal head and a suture dip ving into the
suture clip cage;
advancing the suture Clip cage to a sutured fissue site;
advancing the pusher inside the coliet cage and engaging the suture clip plug;
engaging the suture ¢lip plug with the suture ¢lip ring to create a suture clip;

retracting the sliding sleeve to ralease the suture clip.

26.  The method of claim 25 further comprising the steps of:
praviding suture slots it the sfiding sleeve for receiving suture ends; and
threading ends of a suture through the suture slots and through the suture clip

plug and suture clip ring.

27, The methed of claim 26 further comprising the steps of:

retracting the sliding sleeve o sever the suture ends.

28.  The method of claim 27 comprising the further steps of:
advancing the second pusher to open the plurality of coflet fingers ta release

the suture clip.

28, Asuture ¢lip loading device camprising:
a [vading device housing with a hypolube affixed to a bore formed in the
heusing and,

a plunger having a rod dimensioned to slide freely within the hypotube.
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a0, Anon-lecking suture clip comprising:

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

a ring having an inner annular wall defining a through aperture extending from
a proximal to & distal end of the ring, the through aperture having an aperture
diameter greater than the first diameter wherein insertion of the shaft into the ring
aperture forms an axial vacancy betwsen the shaft and the ring pertions definfng the

through aperture.
31, The suture clip of claim 30 whersin the shaft has a tapered distal end.
32.  The suiure clip of claim 30 whergin 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.

3. The suture clip of claim 30 wherein the axial vacaney is ne greater than about

.003 inches.

35, The suture cfip of claim 30 further comprising a suture situated between the
plug shaff and the ring wherein the suture has a diameter greater than the axjal
vacancy.

36, A suture clip assembly comprising:

means for securing a suture.
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