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DEVICES AND METHODS FOR CREATING A KNOT FOR SURGICAL
SUTURING

CROSS-REFERENCE

{0001} This application is a non-provisional of U.S. Provisional Application No.:
60/997 396 filed October 4, 2007 and entitled DEVICE WITH PREFORMED HITCH
KNOT FOR SURGICAL SUTURING the entirety of which is incorporated by

reference herein.

BACKGROUND OF THE INVENTION

{0002] This invention relates to sorgical securing of any suture, ligature, or similar
structure and, more particularly, to devices and methods that allow a physician to
quickly secure the suture or ligatere material with a knot. The term knot 1 ntend to
mclude any intersection of interlaced material such as a crossing of a line or suture over
at least one looped portion in a manner that is miended to secure the line or suture. The
devices and methods are especially useful when the physician must create a knot
without being able to directly manipulate the structure such as an intracorporeal knot
{i.e., a koot within the body or any structure anatomically direct where use of the hands
1s difficult, impractical, or impossible). The methods and devices are also direcied 10 a

method of cinching a koot utilizing the device features.

{0031 Although the methods and devices discussed herein relate to secusing of sutures,
Ligatures, or any like structures. For sake of convenience, the ferm suture or suturing

shall include such sutures, ligatures, or any like structure.

{0004} Suturing tissue durtng an open surgical procedure can be a tedious and dehicate
procedure. Less invasive surgical (LIS) techniques, such as laparoscopic, endoscapie,
arthroscopic, and robotic surgery, are generally performed through small incisions
using specialized instruments o perform desired surgical procedures. In LIS

procedures, tying sutures and other knots s especially difficult. Frequently, the knot
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tying process significantly extends the time of the procedure. In the current state of less
mvasive sprgery, the sargeon 15 unable to view directly the sife of the surgery, bat
mstead must rely upon a two-dimensional image that both magnifies the site and denies
depth perception. This lack of depth perception poses a tremendous challenge for
intracorporeal koot tying. Due 1o this constraint, extensive training is required by the
surgeon before attempting to perform these types of procedures. Another difficulty
presented by LIS surgery is the constraint of working in a confined space. The
physician nmst position the mstruments used for LIS surgery in this confined space ina
particular orientation in relation 10 one another and in relation to the patient. This
restriction of the maneuverability of the instruments adds even more challenges to

intracorporeal knot tying.

{0005] Internal knot tving normally requires at least two operating cannulae {(or other
access ports) and an associated pair of graspers, otherwise referred to as needle holders
or suture holders. For a square knot, two throws are created by manipulating the suture
and needle with the graspers. The first throw may be a simple overhead knot or mav be
a surgeon's knot. Addinonal throws may be applied over the second throw to provide
additional security. It is important that sequential throws are in the proper direction to
correctly make the mtended knot. For example, inadvertently creating throws it the
opposite directions produces a "granny” knot that is less secure than a square knot or

surgeon’s knot.

10006] Previous devices acknowledge the challenge described above and atiempt to use
a preformed knotted foop or loops in a sature. Such knotted loops allow the suture to
be tied by passing a free end of the suture throngh the loop and tightening the loop on
the suture after the wound has been closed. U.S. Pat. No. 5,454,834 {incorporated by
reference herein), describes a suture material with an inherently stable loop or coil
feature for forming a knot. This approach has himitations on the effectiveness and
reliability of maintaining the {oops in the desired shape. There are a number of patented
mstrument type devices that describe pre-tied knots restramed at the distal end of arod
or tube; 1.8 Pat. No. 5,893,592, ULS. Pat. No. 5,792,151, U.S. Pat. No. 5,769 862 LS.
Pat. No. 5,741,280, U.S. Pat. No. 5,129812, and U.S. Pat. No. 5,472 446, These
instrument type devices require complexity and components that result in prohibitive

&
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expense,

{0007] Fig. 1A illustrates the square knot and Fig. 1B llustrates a surgeons koot
Physicians conunonly use both knots i surgical procedures. To create these types of
knots intracorporeally, grasper mstruments are used to manipulate a needle 2 and a first
end 18 and/or second end 11 of a suture 3. The suture 3 can be a single suture or two
ends of separate sutures can be tied together. While the above-described knots are most
comnion, the invention described below can gccommodate any type of knot that

requires looping or formation of one end of a suture in a particular profile or shape.

0008} As shown in Figs. 24 10 2D, for suturing of tissne, the physician pierces tissue with
the needle 2, and the attachied sutwre 3 15 grasped with a first grasper 1. Fig 2A
ittustrates the suture 3 then being placed around a second grasper 5, which executes a
circular motion and guides the suture 3 with its shank m such a way that the suture 3 15
wound in a spiral around the jaw parts 6 of the second grasper 5. Fig. 2B shows the
next step. The opposite end of the suture 3, attached to the needle 2, 15 then grasped
with these jaw parts 6 of the first grasper 1 and drawn through the spiral windimg. If
each end of the suture 3 is now pulled with a grasper, as shown in Fig. 2C, the so-called
base knot 1s formed. In order to hold this base knot i its position or secure the tension
once it has been created, a so-called finishing knot, shown in Fig 2D, i3 tied tightly

over the base knot in the same manner.

{0009) In view of the above, a need remains to allow a physician to quickly and easily
secure & knot in a suture type matenal especially when attempting to secwre the knot
during LIS procedures, The need exist for a low cost, simple to use, device to awd i the

tying of a variety of knots intracorporeally.

SUMMARY OF THE INVENTION

{0016} The mvention 18 a soluring method and device that primarily involves a suture
assembly consisting ofl 1) a partially tied surgical knot that is positioned along a suture,
and 2} a support structare to maintain the form ot the partially tied knot and aid in

manipulation and positioning of the partially tied knot. The assembly may include a

Lad
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series of these partially tied knots and structures spaced along the sutwre length. The
partially tted knot will uscally consist of a loop or loops, depending on the desired knot
configuration. The support structure is a simple clamp or support construct that
releasably holds unto the partially tied knot in the desired orientation unto the koot is
completed by passage of one end of the suture through the loop or loops of the partally
tied knet. The assembly may consist of other elements and features, such as a tether
line, a needle passage protector, a clamp release feature, an orientation feature to aid
correct direction of the passage suture through the loop or loops, or other enhancing

elements and features to facilitate functionality and ease of use.

{0011] The support structure for releaseably holding the partially tied knot can be
minimized in size, thus allowing the entive suture assembly to fit down a cannula and
be placed in the body cavity. The support structure and suture can be manipulated and
controlled with a standard needle holder, thus eliminating the need for additional
specialized, expensive instraments. In a first method of use, the support structure 18
securely held by a needle holder, while the jaws at the distal tip of a second needle
holder are advanced through the loop. The first needle holder then releases the support
structure, and is then manipulated to grasp the needle near the proximal end. The
needle 18 advanced through or around the desired tissue. As the needle tip 18 exposed, it
is gnided into the open jaws of the second needle holder. The jaws of the second
needle holder are then closed to secursly clamp onto the tip of the needle. The needle
ts then released by the first needle holder. The first needle holder 1s used to grasp the
supportt structure and secure it while the jaws of the second needle holder are retracted
back through the loop, carrying the needle and suture with it. The support structure s
then separated from the loop. The opposing ends of the suture are then put in tension 1o
produce a finished knot. Obviously, other methods of use are applicable depending on
the design of the support, the design of the knot, and the surgical procedure being

performed.

{0012] The support structure can be produced from a fow, or even one, low cost
component. This simphicity provides for an effective, low cost solution to reducing the

timne and ditficultly associated with jatracorporeal kuot tving.



WO 2009/046443 PCT/US2008/078982

{0013] One vaniation of the devices descnibed herein include a ligature and/or suture device
configured for creating a knot mn a flexsble line, comprising a length of sutwe having a
proximal end and a distal end, a loop support member configured to releaseably secures
a segment of the suture within a portion of the support member such that the segment
forms at least one loop pattern and wherein when ong of the proximal or distal ends
advances through the loop pattern, the loop support member can selectively release the

segment ta create a knot.

[0014] The variations of the devices include a support member configured in a small size
sach that the entire device can be delivered through a cannuola, catheter, introducer, pornt
or trocar and placed inside the body. In addition, the devices described herein can be

constructed in g simple manner, often from less than two components.

{0015] Another varation of the device includes a surgical knot fixation assembly
comprising a length of suture, a loop sopport member having a sutore receiving portion
such that a segment of the suture can be releasably maintained in a loop shape when a
portion of the segment of the suture s beld within the suture receiving portion. The
variations of the surgical fixation assemblies described herein can include a pair of
mating jaws, such that upon separation of the jaws, the segment releases from the loop

support member. These the mating jaws can be spring biased to close.

{0016} Alternatively, or in combination, the suture receiving portion can include or
comprise g cavity within the loop support member. In certain variations, the device can
mclade a pair of release surfaces each release surface adjacent to the cavity such that
putling on a first and second ends of the suture canse the suture to move agamnst the
release surface and owt of the cavity 1o release the segment from the oop support

member,

{0017} Addiional components can be emploved to assist in creating the knot. For
example, the devices and methods can include a funnel member, where a portion of the
segment sirrounds the funnel member such that an end of the suture can move within

the funnel to cross within the foop shape.

{0018] In most variations, the suture containg a phuality of loop support merabers, The

LA
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loop support member can form loop shapes that are similar, different, or have

combination of shapes.

{0019} The invention also includes methods of securing tissue. In one example, the
method includes advancing a sutare through or around the tissue, the suture having at
Jeast one loop support member, where a segment of the suture is maintained i a loop
shape when a portion of the segment of the suture s releasably held in the loop support
member, retracting an end of the suture through the loop shape, releasing the portion of
the segment suture from the loop support member, and forming at teast a partial koot in

the suture by pulling the end of the soture.

{0026} Another method inchudes advancing a suture through or around the tissue, the
suture having at a plurality of segments each held respectively by a plurality of toop
support members, each loop support member holding the respective segment of the
suture in a partial hitch koot shape, navigating an end of the suture through a first
partial hitch knot adjacent to a first loop support member to create a first full hitch knot,
releasing the first loop support member from the suture without releasing a second loop
support member from the suture, fully cinching the first partial hitch knot by pulling on
at least one of the ends of the sutare. The methods may subsequently release at least
the second loop support member from the suture. For example, subsequeatly releasing
at feast the second loop sapport member from the sutare comprises releasing the second
loop support member withoot forming a second full knot. In another variation,
subsequently releasing at legst the second loop support member from the suwre
comprises advancing the end of the suture through the second partial hitch knot to

create a second full knot and subsequently cinching the second full koot

{0021} The methods and devices described herein are intended to show examples of
possible variations of the devices. Modifications contemplated by those skilled m the
art are intended o be within the scope of this disclosure. Such modifications include
combinations of aspects of the vanous described embodiments or combinations of the

embodiments themselves.
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BRIEF DESCRIPTION OF THE DRAWINGS
{0022] Fig. 1A shows a square knot loop pattern.
{0023] Fig. 1B shows a surgeons knot loop patien.

{0024} Fig. 2A shows the first step for the traditional method for intracorporeal knot tying

of a surgeons kneot.

0025} Fig. 2B shows the second step for the traditional method for intracorporeal knot

tying of a surgeons kaot.

{0026] Fig. 2C shows the third step for the traditional method for intracorporeal knot tying

of a surgeons knot.

{0027] Fig. 2D shows the forth step for the traditional method for jntracorporeal knot tving

of a surgeons knot.

{0028] Fig. 2A shows the first step for the traditional method for imtracorporeal knot tyving

of a surgeons knot,

{0029] Fig. 3 shows two loops in the opposite direction that combine to create a preferred
pattern for a partiaily tied square knot for use wiath the extertor shield type support

structure.

{0030} Fig. 4 shows a suture length with a partially tied square knot on the distal suture end

and proximal suture end positioned through the tissue.

{0031} Fig. 5 shows Fig 4.with the exterior shield type support structure as part of the

suture assembiy.

10032] Fig. 6 shows two loops in the opposite direction that combine to create a preferred

pattern for a partially tied square kaot for use with the clip stvles of support structures.

{0033] Fig. 7 shows a suture length with a series of spaced apart partially tied square knots

on the distal suture end and the proximal suture end positioned through the tissue.

0034] Fig. 8§ shows Fig. 7 with the protruding tang clip type support structures as part of
& ¢ I ¢ mng cup iy PL P
7
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the suture assembly.

{0035] Fig. 9 shows Fig. 8, but the proximal suture end has been passed through the loops
of the proximally located protruding tang clip type support structure, and where the
tang on the support structure is depressed and the support structure has released the

loops.

{0036] Fig. 10 shows Fig. 7 with the soture tension release ¢lip tvpe support structures as

part of the suture assembly.

{0037] Fig. 11 shows a top view of the suture tension release clip type support structure to

tHustrate how the suture ends extend from the support,

{0038] Fig. 12 shows Fig. 10, but the proximatl suture end has been passed through the
loops of the proxamally located suture tension release chp tvpe support strocture, and
where the extending ends of the suture have been tensioned to cause relegse of the

loops from the support structure.

{0039] Fig. 13 shows one stage i a sequence of how the device could be used wath

BrASpers.

{0040] Fig. 14A and 14B show side views of an variation of loop support structures with

tissue adhering structures.

DETAILED DESCRIPTION OF THE INVENTION

{0041} The devices and methods described heretn can accommodate any nuniber of suture
materials ranging from absorbable, nonabsorbable, monofilament, multifilament,
natural and synthetic as well as polyvmeric or metal type lines (herein, the term “suture”
ts intended to apply 10 any such line material regardless of whether the matenal is
mtended for suturing, applving hgatures, or other fixation). The present devices and
methods can also accommodate setures of a varety of diameters, strengths, durometers

and flexibilities.

{0042] The devices and method of the present disclosure are useful to create “huch”

§



WO 2009/046443 PCT/US2008/078982

type knots. A "hich" is often defined as a knot that is used when tying a rope or line to
something. However, a more accuerate deflinition 13 that a hiteh has the ability to be
cinched down and conform to the size of the object to which 1t is tied, Hitch knots
come in a variety of forms. “Two half hitches”, shown in Fig. 3, configured such that
the loops 8 adjacent, yet are in opposite coll divrections, replicate the loop pattern of a
square knot that is capable of being cinched. Other commoniy known types of hitches
have been devised that create a secure knot that is not prone to slippage. Commaon to
most hitch knots 15 a straight section of line that passes through the loops of the knot. It
this straight section of line is removed, a central axis 9 for passage is created {see Fig.
3

{0043] A first variation of the device facilitates tying of a knot in & Rexible suture that has
a first end 10 extending through or around a tissue/organ 4 and a second end 11
extending awayv and wrapped around, thereby defining a loop pattern 12, as shown in
Fig. 4. The loop pattern 12 1s preformed such that it creates the loops needed for a
desired knot. The loop pattern 12 could be one half hitch, a combination of half hitches,
or countless other loop configurations. Fig. 4, like Fig. 3, iltustrates the loops of a
square knot capable of being cinched. The central axis 9 of passage is shown aligned

with the first end 18 of the suture line.

{0044] Fig. 5 shows a vanation of a device with a loop support structure 13 that maintains
a segment 12 of a suture 3 1n loop pattern 17 (in this vanation the loop pattern 17 is
similar to that shown in Fig. 3}, The loop pattern 17 ¢an be pre-formed or stmply
temporanly formed while the suture 3 1s held within the support structure 13. For
example, an adhesive or coating can be applied to the segment 12 when in the loop
form to provide additional stability. Alternatively, the device can rely upon the natural
properties of the suture to retain the loop form 17 when the segment 12 is placed within

the loop support structure 13

{00453} The loop support structure 13 can optionally mnclude a plate 14 for manipulation or
hetding by a grasper type mstrument. For example, a physician ean use the grasper to
hold the plate 14 gs another grasper manipulates a first end 10 of the sutwre thyu the

central axis passage 15 of the loop pattern 17. Passing the first end 18 of the suture
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thru the central axis passage 15 completes the hitch koot. As shown in FigS. 14A and
148, addimonal vanations of the toop support structure 13 can iclude a support
structure 13 that has a clamp 32 or other tissue adhering structure 33 (such as barbs,
hooks, protrusions, and/or a roughened surface} that adhere to tissue or provides
increased friction when manipulating with other devices. As shown, the clamp 32 can
be fitted with such tissue adhering structures 33 as well. In this manner, the support
structure 13 can be temporarily affixed to tissue to allow the physician use of two
grasper type instruments to manipulate the first end 10 of the suture through the loop
pattern 17 or to manipulate the loop pattern 17 while advancing the end 10 of the suture

3 through the loop pattern 17.

{0046] In this variation, the loop support structure 13 inclodes a sleeve or passage to give
support and maintain the suture 3 segment 12 m the desired loop pattern 17. The sleeve
of the support structure 13 includes slots 16 for allowing release of the suture 3 from
the loop support stracture 13, After the first end 16 of the suture traverses through the
looped pattern 17 of the segment 12 the suture forms a loose knot. Once this loose koot
is formed, the, the segment 12 can be separated from the suture support member 13
Tensioning on both free ends of the segment 12 tightens the knot. The kuot can then be
cinched down asing the first end 10 of the suture 3 to secure the hitch koot to the

tissue/organ 4. The support structore 13 is removed and discarded.

{0047] Any number of above described support structores 13 can be provided on a single
or multiple sutures. This allows the physician to create a number of passes or throws of
an end of the suture through loops. In addition, the device can be provided separately
with a suture so that the physician can create or space the segments formed mnto loops
as desired. Since the physician {or a sorgical assistant) can “load” the suture mto the
loop support structure 13 prior to, or contemporaneousty with the procedure but outside
of the body, the time requuired 1o foad a sutwe into the support stracture will not extend

the procedure nor require significant skill as compared to tving an intracorporeal knot.

{0048] Fig. 6 itlustrates another variation of a loop pattern 17 for use with a variation of a
toop support structure as described herein. In this vartation, the loop pattern 17 15

configured to enable captoring portions of the sutare between two surfaces (e.g., a

10
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clamp type device). For example, a portion of the segment 12 at loop 18 where the
sections of the foop cross over one another is useful for capturing the suture 3 within a
loop support member, Fig. 7 shows a suture 3 having two loop patterns 17 formed
therem. As shown, a first end 10 of the suture 3 extends through or around a
tissue/organ 4 and a second end 11 forms ong or more spaced loop patterns 17, As
noted above, any number of loop patterns 17 can be used along with any number of
sutures. Though not iHlustrated, the end 10 of the suture 3 can optionally include a

needie or tissue piercing member.

{0049} Another embodiment of the invention involves the suppornt structure having the
characteristics of a clamp or chip. Fig. 8 llustrates an additional variation of loop
support members that rely on a clamping mechanism to secure segments 12 of the
suture 3 in loop patterns 17. The loop support structure or member 19 can be held at the
clip base end 21 by a grasper while the physician directs the first end 10 of the suture 3
thru a central axis passage 15 of the loop pattern 17. Passing the first end 16 of the
suture thru the central axis passage 15 completes the hitch knot, which can then be
cinched by farther tightening of the end 10 away from the tightened loop pattern 17, As
with the previous variation, the base end 21 can include an additional clamp or other
tissue adbering structure (such as barbs, hooks, or protrusions) that adhere to tissue. In
this manner, the support structare 19 can be temporarily affixed to tissue to allow the
physician use of two grasper tvpe instruments to manipulate the first end 10 of the
suture through the loop pattern 17 or to manipulate the loop pattern 17 while advancing

the end 10 of the suture 3 through the loop pattern 17.

{0056} Generally, the loop support structure 19 comprises & clip with two opposing
sarfaces 20 that captore at least a portion of a segment 12 that forms the suture Joop
pattern 17. The opposing surfaces 20 secure the segment 12 in the loop pattern 17
thereby maintaining the loops in the destred shape. As with the previousty described
variations, the loop pattern 17 can be preformed or further supported via the use of an
adhesive or coating that temporartly maintains the segment i the loop paitern.
Alternatively, the segment 12 can suoply revert {o s natural state vpon the removal of
the loop support structure 19, In the latter case, if the physician decides that additional

numbers of throws or bitch knots are unnecessary, the physician can simply release the

18
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segment 12 from the loop suppon structure 19, This leaves a normal suture.

{0051] The clip of the support structure 19 can optionally include a tang feature 22 that
protrudes from the general shape of the support structure 19, Fig. 9 shows release of
the loop support member 19 from the suture 3. In variations having a tang feature 22,
depression of the tang feature 22 drives the opposing clip surfaces 20 away from one
another, thus allowing the suture loop pattern 17 to separate from the support structure
19. However, any release mechanism as known by those skilled 1 the art s within the
scope of this device. After the hitch knot is formed {(with an end 16 of the suture 3
passing through the preformed loop pattern 17) and the suture 3 is separated from the
suppott structure 19, tensioning on both free ends 23 of the preformed loop pattera 17
tightens the knot. The knot can then be cinched down first end 18 of the suture line to
secure the hitch knot to the tissue/organ 4. The support structure 19 is removed and
discarded. In an additional variation, the support structure 19 can include a tether 24 to

prevent it from inadvertently being lost in the body cavity.

{0052] In an additional variation, a loop support member or structure 25 can employ a loop
pattern refease mechanism that is activated by applying tension to the free ends of the
loop pattern. Sumilar to the previous vanation, the loop pattern 17 18 configured to
enable capturing portions of the suture between two opposing surfaces, For example,
Fig. 10 shows a flexible suture 3 that has a first end 10 extending through or around a
tissue/organ 4 and a second end 11 baving a plorality of spaced loop patterns 17
releaseably captured by loop support structures 25, The leading support structure 19 s
held at the clip proximal end 26 by a grasper while the first end 10 of the suture is
traversed thru the central axis passage 13, Passing the first end 18 of the sutore thru the
central axis passage 18 completes the hutch knot. In these examples. the support
member 25 includes a funnel 31 1o aid in directing the end 10 through the loop pattern

17.

{0033} The support structare 28, 15 further tlustrated Fig. 11, incledes a clip with a lower
surface on the base 27 that opposes an upper surface on the top 28, where the two
surfaces capture the suture loop patiern 17 and secures it to provide support and

maintain the loops in the desired shape. The base 27 and top 28 of the support structure
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25 are secured at the proximal end 26 and free at the distal end 29, thus providing the
spring action for the clip. The base 27 includes two lateral posts 30 that extend toward
the central axis 9. Each post provides a surface for the corresponding free end 23 of the
preformed loop pattern 17 to side across when being tensioned. This pulls the segment
12 of the suture 3 out of the base 27. An additional feature shown integrally attached to
the base 27 is a funnel 31, The funnel serves to assist directing the suture through the
loop pattern 17. In addition, the funnel 31 can also be an indicator to identify the proper
direction from which the end 10 of the suture should be feed through the loop pattern
17 when directionality of the adjacent hitches 15 preferred. The funnel 31 also acts to
atd n stabilizing the loops of the loop pattern 17, The funnel has a slot 32 through
which the placed first end 10 of the suture can slide for separation from the sepport
structure. The loops of the loop pattern 26 can slide of the smaller end of the funnel 31
for separation from the support structure. When tension is applied to the free ends end
23 of the loop pattern 17, the tension is transferred along the suture to create a force
that dislodges the captured sections 18 of the loop pattern 17 out of the hold of the

opposing chp surfaces.

[0054] Fig. 12 reveals the leading preformed loop pattern 17 with the first end 18 of the
suture traversing through it. The free ends 23 of the loop pattern 17 have been
tensioned, and thus have caused the suture loop pattern 17 to separate from the support
structure 28, The koot can then be cinched down first end 19 of the suture line to
secure the hitch knot to the tissue/organ 4. The support structure 258 is removed and
discarded. The support structure 28 can include a tether 24 1o preveat it from

inadvertently being lost i the body cavity.

{00SS] Fig. 13 shows one example of a loop sopport structure 25 o use. As shown, the
support structure 25 is securely held by a first grasper 1, while the jaws at the distal tip
of a second grasper § are advanced through the loop pattern 17, as shown in Fig. 13
The first grasper 1 then releases the support structure 25, and is then manipulated to
grasp the needle 2 near the proximal end. The needle 2 15 advanced through or around
the desired tissue 4. As the needle tip 18 exposed, 1t 1s gotded into the open jaws 6 of
the second grasper 8. The jaws 6 of the second grasper § are then closed to securely

clamp onto the tip of the needle 2. The needle 2 1s then released by the first grasper 1.

1
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The first grasper is used to grasp the support structure 238 and secure it while the jaws of
the second grasper 8 are retracted back throagh the loop, carrying the needle 2 and first
suture end 18 with it. The support structure is then separated from the loop pattern 17.
This could be achieved by sunply pulling the support structure 25 away from the Joop
pattern 17 encircled about the second grasper 5, until the loop pattern slips out of the
grasping clip force of the support structure 25, The suture loops could then be slipped
off the end of the grasper shaft and jaws to expose the knot. Other alternatives, such as
those described in the above embodiments could be utihzed to release the loop pattern
from the support structure. Morveover, the needle 2 and end 16 can be advanced from
the tissue side of the suture 3 rather than the side shown in Fig. 13A. Regardless, once
the segment of the suture 3 releases from the variation of the support structure used, the
opposing ends of the loop patiern 23 are then put in tension to produce a finished knot.
An advantage of using the techinique described above is the jaws are ntilized as a
protective element to prevent the needle 2 from inadvenently damaging the suture
while it is being passed through the loop pattern 17, Other methods of use are
applicable depending on the design of the support structure, the style and design of the

knot, and the surgical procedure being performed.

14
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CLAIMS
We Clatny
1. A ligatore andfor suture device configured for creating a knot in a flexible ling,

o

b

COMPTISIG:

a length of suture having a proximal end and a distal end;

a loop support member configured to releaseably secure a segment of the
suture within a portion of the support member such that the segment forms at least
one loop pattern; and
wherem when one of the proximal or distal ends advances through the loop pattern,

the loop support member can selectively release the segment to create a knot.

The device of claim 1, where the loop support member s configured 1 g small size
such that the entire device can be delivered through a cannula and placed inside the

body

The device of ¢laim 1, where the loop support member comprises extensions on
erther side of the segment such that applving tension to the proximal and distal ends
of the suture simnultaneously, causes the segment to release from the support

member,

The device of claim 1, where applying tension to the proximal end of the suture

causes the suture loop or foops to release from the support member,

The device of claim 1, where applying tension to the distal end of the suture causes

the suture loop or loops to release from the support member,

The device of claim 1, that includes a needle attached to the sutwe.

The device of claim 1, where the proxinal end of the suture i3 placed through tissue

prior to being placed through the loop.

The device of claim 1, where the loop support member is tethered to at least a

second foop support member,

18
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io.

The device of claim &, further comprising at least an additional pharality of loop
sepport members each releasably holding a plurality of segments of suture

respective loop patterns along the length of the suture,

. The device of claim 1, where the support member is manufactured from less than 2

COMPONenis.

. The device of claim 1, where the loop support member further includes a funnel

adapted to guide an end of the suture or 8 needle through the loop pattern,

. The device of clanm 1, further mclading a portion adapted to be manipulated by

needle holders or graspers.

. The device of claim 1, further including a portion comprising an additional clamp

sectton for temporanty attaching to tissue.

. The device of claim 1, further including a portion comprising at least one feature

comprising a hook, barb, or protrusion to temporarily affix the loop support

member 1o tissue.

. A surgical knot fixation assembly comprising:

a length of suture;
a loop support member having a sufure receiving portion such that a
segment of the suture can be releasably maintained in a loop shape when a portion

of the segment of the suture s held withan the suture recetving portion.

The surgical knot fixation assembly of claim 15, where the suture receiving portion
comprises a pair of mating jaws, such that upon separation of the jaws, the segment

releases from the loop support member.

. The surgical knot fixation assembly of claim 16, where the mating jaws are spring

biased to close.

. The surgical knot fixation assembly of claim 15, where the suture receiving portion

comprises a cavity within the loop support member,

16
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]
LA

26,

b2
=]

The surgical koot {fixation assembly of claim 18, further comprising a pair of release
surfaces each release serface adjacent to the cavity such that pulling on a fust and
second ends of the suture cause the suture to move aggaiast the release surface and

out of the cavity to release the segment from the loop support member.

. The surgical knot fixation assembly of clatm 18, further comprising a slot adjacent

to the cavity such that when pulled, the segment can exit through the slot. to release

the segment from the loop support member.

. The surgical koot fixation assembly of claim 135, where the suture receiving portion

comprises a funnel member, where a portion of the segment surrounds the funnel
member such that an end of the suture can move within the funmel to cross within

the loop shape.

. The surgical knot fixation assembly of claim 15, further compnising a tang feature

coupled to the suture receiving portion such that movement of the tang feature

releases the segment from the suture receiving portion.

. The surgical knot fixation assembly of claim 15, further comprising a protrusion,

barb, or hook on a body such that the body can be temporarily affixed to tissue.

4. The surgical knot fixation assembly of clatm 15, further comprising a grasping

section such that the loop support member can be manipulated by a grasping

instruent,

3. The surgical koot fixation assembly of clamm 15, loop support member is configured

in a small s1ze such that the loop support member can be delivered through a

cannula and placed inside the body

The surgical knot fixation assembly of claimy 15, further comprising a needle

attached to an end of the suture.

. The surgical knot fixation assembly of clatmi 15, where the loop support member is

tethered to at least a second loop support member.

17
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28. The device of claim 1, further including a portion comprising at least one feature
comprising a hook, barb, or protrusion to temporarily affix the loop support

member 1o Hssue.

29. A surgical knot fixation assembly for use with a length suture comprising:
a loop support member sized to fit within a 1 3mm diameter or smaller
cannula, the loop suppont member having a suture receiving portion such that a
segment of the suture can be releasably mamtained n a foop shape when a portion

of the segment of the suture is held within the suture recetving portion.

30. A method of securing tissue comprising:

advancing a suture through or around the tissue, the suture having at least
one loop support member, where a segment of the suture is maimntained in a loop
shape when a portion of the segment of the sature 18 releasably held in the loop
support member;

retracting an end of the suture through the loop shape;

releasing the portion of the segment suture from the loop suppeort menther;
and

forming at least a partial knot in the suture by pulling the end of the suture.

31. The method of claum 30, where suture comprises a plurahity of loop support

members.

Wi
Y

. The method of claim 31, where each loop support member mamtaing the respective

segment held therein 1 a sinmutlar loop shape.

,A
pre
v
>

. The method of claim 31, where at least one loop support member of the plurality of
loop support members maintains the respective segment held theretn 1n different

loop shape than an another loop support member.

34, The method of claim 30, where the suture and loop support member are introduced

into a bady of a patient in a munimally invasive manner.
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40.

41.

The method of claim 34, where introducing the suture and loop support member
comprises introducing the suture and loop support member through a trocar,

cannula, catheter, introducer or port providing access to within the body.

. A method of securing tissue comprising:

advancing a suture through or around the tissue, the sature having at a
plurality of segments each held respectively by a plurahity of loop support members,
each loop support member holding the respective segment of the satere 1oy a partial
knot shape;

navigating an end of the sutare through a first partial knot adjacent to a first
loop support member to create a first full knot:

releasing the first loop support member from the suture without releasing a
second foop sapport member from the suture;

fully cinching the first partial knot by pulling on at least one of the ends of

the suture.

. The method of claim 36, where the figst partial knot and the first full knot comprise

hitch knots,

. The method of claim 36, further comprising subsequently releasing at least the

second loop support member from the suture.

. The method of claim 36, where subsequently releasing at least the second loop

support member from the suture comprises releasing the second loop support

member without forming a second full knot.

The method of claim 36, where subsequently releasing at least the second loop
support member from the sutare comprises advancing the end of the suture through
the second partial knot to create a second full knot and subsequently cinching the

second full knot.

The method of clamm 36, further comprises advancing the suture and loop support
members into a body of a patient through a trocar, cannula, catheter, introducer or

port that provides access to within the body.
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42. The method of claim 36, further comprises withdrawing the remaining plurality of
loop support members from the body throagh a trocar, cannula, catheter, introducer

or port that provides access to within the body.
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