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(57) Abstract: [0001] The present invention is directed to
an apparatus and its method of use in delivering surgical tis-
sue connectors into an area of the body and removing the
surgical tissue connectors from the body area. Svlore spe-
cifically, the present invention is directed to a surgical tissue
connector apparatus having at least two tissue connectors
connected by a length of cord and a delivery and removai
tube. At least one of the tissue connectors has a base with a
tapered, beveled or chamfered surface projecting from one
end of the base. A hook or other type of tissue connector
projects from the opposite side of the base. The hook is posi-
tioned on the base where a peripheral side surface of the
base shields the hook from unintentionally snagging objects.
The base peripheral surface is also dimensioned to slide eas-
ily through an interior bore of the tube. This enables the
base and the projecting hook to be easily delivered through
the tube into an area of the body. The chamfered or tapered
surface on the base is positioned to engage with the distal
end opening of the tube and direct the base into the center of
the tube as the surgical tissue connector is retracted info the
tube from the body area in removing the apparatus from the
abdominal cavity.
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APPARATUS AND METHOD FOR DELIVERING SURGICAL TISSUE
CONNECTORS INTO AN ABDOMINAL CAVITY AND REMOVING THE
SURGICAL TISSUE CONNECTORS FROM THE ABDOMINAL CAVITY

BACKGROUND OF THE INVENTION

FIELD OF THE INVENTION

[0001] The present invention is directed to an apparatus and ifs method of use in
delivenng surgical fissue connectors o an area of the body and removing the
surgical fissue connectors from the body area. More specifically, the present
invention is directed to a swrgical fissue connecior apparatus having at least two
fissue connectors connected by a length of cord and a delivery and removal tubs. Al
least one of the tissue conneciors has a base with a tapered, beveled or chamfered
surface projecting from one end of the base. A hook or other type of Hssue
connector projects from the opposite side of the base. The hook is positioned on the
base where a peripheral side surface of the base shields the hook from
unintentionally snagging objects. The Dase peripheral suwrface is also dimensioned
o slide eastly through an interior bore of the tube. This enables the base and the
projecting hook to be easily delivered through the fube into an area of the body. The
chamfered or tapered surface on the base is positioned to engage with the distal end
apening of the tube and direct the base into the center of the tube as the surgical
fissue connector is refracted into the tube from the body grea in removing the

apparatus from the abdominal cavity.
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DESCRIFTION OF THE RELATED ART

[0002]in laparcscopic surgery procedures, it is often necessary to pass surgical
tissue connectors though a cannula, trocar, endosope or other similar device that is
positioned through an incision iy the body 1o deliver the tissue connectors inlo an
area of the body where the conneclors are used i 3 laparoscopic surgery
procadurs. A disadvantage associgted with the current constructions of surgical
tissue connactors and the ubular delivery device used to deliver the connectors into
the body and then remove the conneciars from the body is that often the connectors
will snag or catch a portion of the tubular delivery device being used to deliver or

refrieve the conneclors.

SUMMARY OF THE INVENTION

[0003]1 The pressent ivention overcomss the above described disadvantages
associated with tissue connectors used in laparoscopic and other surgery
procedures by providing an apparatus that facililates the delivery of a surgical tissue
connector through a tubular delivery device and into the body, and the subsequent

removal of the surgical tissue connheclor through the tubular device from the body.

[0004] The basic construction of the apparatus of the invention incCludes at least two
surgical fissue connectors. Each tissue connector has a base. The base has a side
surface that extends around the base, and a distal end surface and proximal end
surface at the opposite ends of the side surface. In ong embodiment of the Hssue
connector, the base side surdace is a cylindrical surface having a center axis that

defines mutually perpendicular avgal and radial directions refative to the base.
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[OQ0B]A hook is secured stationary v and projeds axially from the base distal end
surface, The hook has a shank portion that extends axially from the base distal end
surface. The shank portion is substantially parallel with the base cenier axis but
spaced radially from the center axis. The hook also has a bent portion that extends
from the shank porion across the base distal end surface and through the center
axis to a distal end fip of the hook. The end tip and the shank are radizlly spaced on
oppoesite sides of the base center axis and the end Hp does not project radially
beyond the base side surface, Thereby, the base side surface shields the end tip of

the hook from snagging or catching with other objects.

[0D08] The base proximal end surface of at least one of the connectors has a
chamfered or tapered configuration that tapers as the proximal end surface extends
axially away from the hase side surface. i one sembodiment of the apparatus, the
base proximal end surface has a conical configuration. The conical configuration of
the base proximal end surface extends axially from the base side swrface to an apex

that is centerad on the hase distal end surface.

[0007] The apparatus alse includes a length of cord thal sxiends belween the
proximal end surfaces of the tissue connectors. In one embodiment of the
apparatus, the length of the cord extending between the tissue connectors is flexible

and can be adjusted.

{8008] The apparatus also ingdudes a tissue cannector delivery and removal twbe. In
one embodiment of the apparatus, the tube has a sihraight length with apposite
proximal and distal ends, and a cylindrical interior bore that extends through the

length of the tube. The interior bore has an interior diameter dimension that is

3.
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slightly larger than an extenor diametsr dimension of the base odindnical side
surface. This enables the tissue connectors to easily slide through the interior bore
of the tube when delivering the tissue connectors through the tube, or removing the
fissue conneclor through the fube. Additionally, the tapered configuration of the
base proximal end swface of at least one of the lissue connectors enables that
fissue connecior o be easily pulled info the tube at the tube distal end. Removing
the apparatus by pulling the other lissue connector through the tube distal end and
then pulling the cord and the tapered tissue connector into the fube causes the
tapered configuration of the base proximal end surface {o first enter the end of the
tube, whereby the lapered configuration centers the base c¢ylindrical side surface
refative o the tube interior bore as the tapered proximal end surface is pulled info the
tube interior bare. With the base side surface centered in the fube interior bore, the
haok projecting from the base distal end surface is prevented from shagging or
catching the distal end of the tube as the tissue connector is pulled into and through

the tube.

[000%] The apparatus also includes a rod having a straight length that is dimensioned
to be inserted into the tube proximal end to push the fissue connectors and thelr
connecting cord through the tube interior bore to deliver the tissue conneclors and

the connecting cord from the tube distal end.

[00101When use of the apparatus in the surgical procedure s complete, the
apparatus can be easily removed from the body by inserting the tube through a
cannula or an incision to position the tube distal end adjacent the connectors and the

cord, and then inserting a surgical grasper through the fube and grasping the fissue
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connector without the tapered end surface. The tissue conneclor is grasped at its
hook. Retracting the grasper back through the tube will move the grasped connector
into the tube and then pull the cord into the tube interior bore. As the cord is pulled
through the fibe bore it pulis the tapered proximal end suifaces of the other tissue
connectors into the bore. The lapered proximal end surface of the connector will
center the connector and the cylindrical side sufface of the connecior relative to the
interior bore as the connector enters the wbe distal end and passes through the
inferior bore. The cylindrical side surface of the connector prevents the hook
extending fom the distal end surface of the comnector from snagging or caiching
against the tube distal end as the connector enfers into and passes through the tube

interior bore.

{0011]1As described above, the apparatus of the invention and {is method of use
facilitate the delivery of surgical tissue connectors to a surgery site and facilitate the

removal of the surgical tissue conhactors from the swrgery site.,

DESCRIPTION OF THE DRAWINGS

{0012} Fusther features of the apparatus of the invention and its method of use are
set forth in the following detaited description of the apparatus and method and are

shown in the drawing fgures,

[o013]Figures 1a and b show an embodiment of the apparatus comprising a pair of
fissue connectors connected by a cord where one of the lissue connectors employs
a releasable one-way cord lock that enables adjusting the length of the portion of the

cord extending between the pair of fissue connectors.
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[0014] Figures 28 and 20 show further embodimants of the apparatus similar {o that

of Figures 1a and 1b.

[0015]Figure 3 is a perspective view of one of the tissue connectors.

[a046] Figure 4 is a plan view of the fissus connector of Figure 3.

[o01 7 Figures 5a and 5b illustrate the assembly of the tissue connector of Figure 3.

[0018] Figure 6 is a perspective view of g further embodiment of a tissue connector.

[0019] Figure 7 is a8 plan view of the lissue connectlor of Figure 6.

[0020] Figures 8a and 8b illustrate the assembily of the issue connacior of Figure 8.

[0021]Fgure 9 is a perspective view of a further embodiment of & tissue connsctor.

[0022) Figure 10 is a side view of the tissue connector of Figure 9.

[0023]Figure 11 is a cross-section view of the tissue connector of Figure 8.

[0024] Figure 12 is a perspective view of the disassembled compaonent parts of the

tissue connector of Figure 9.

[0028]Figure 13 i8 a cross-section view of the delivery and removal tube of the

apparatus.

{00261 Figure 14 is an end view of the proximal end of the delivery and removal fube.

[8027] Figure 15§ is g side visw of the delivery rod of the apparatus.
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[0028] Figure 16 is a parlial sectioned view of the apparatus lustrating the method of
removing a tissue connector of the apparatus from an abdominal cavity using the

delivery and removal tube of the apparatus.

[0029)Figure 17 i1s a partial sectioned view of the apparatus further illustrating the
method of removing a tissue connector of the apparaius from an abdominal cavity

using the delivery and removal tube of the apparatus.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0030}Figs. 1A and 1B show an smbodiment of the tissue connector apparatus of
the invention that is constiycted to facilitate the delivery of the tissue conneciors
through a cannuia or other type of tubular delivery device 1o a surgical site of g body
for use in a laparoscopic surgery or other type of swgical procedure, and facilitate
the removal of the tissue connectors of the apparatus following completion of the
procedure. As is conventional with laparoscopic apparatus, the component parts of
the apparatus are dimensioned to be inserted through an incision or through a
cannula, rocar, endoscope or other type of tubular delivery device extending inio the
body to position the apparatus at a surgery site.  All of the component paris of the

apparatus 1o be described are constructed of biccompatible materials.

[0031] The first embodunent of the apparatus is shown in Figs. 1a and 1h. The
embodiment shown is basically comprised of a first tissue connector 12, a second
fissus connecior 14 and a length of cord 18 extending between and connecting the
two tissue connectors. The cord could be a suture, IV tubing or other eguivalent

types of cord and could be one piece or several pieces connected together.
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[0032] Details of the construction of the first issue connector 12 are shown in Figs.
3. 4, ba and 5b. The first issue connector 12 is comprised of a base 18 and a hook
22. The base 18 for the most part is 3 solid single piece of material having a side
gxlerior sirface that exiends compietely around the base. In the embodiment shown
in the drawing figures, the side surface 24 is oylindrical. The cylindrical surface 24
has a cenler axis 28 that defines mulually perpendicular axiagl and radial directions
relative to the base. The base alse has a proamal end swrface 28 at one axial end

of the base and a2 distal end surface 30 at an oppaosite axial end of the base.

[0033] The provimal end surface 28 is chamfered or tapers as # extends axially away
from the base side swface 24. In the embodiment shown, the proximal end surface
28 has a conical configuration with a circular peripheral edge 32 defined by the
intersection of the proximal end surface with the oviindrical base side surface 24.
The proximal enxd surface 28 tapers as it exiends axially from the base side surface

24 10 an apex end 34 of the proximat end surface.

[0034] The base distal end surface 30 is substantially flal. The distal end surface 30
has a circular peripheral edge 36 defined by the intersection of the distal end surface

with the cylindrical base side surface 24.

[0038] A hook hole 38 is formed in the base distal end surface 30. The hook hole 38
is spaced radially inwardly from the distal end surface peripheral edge 36 and
radially from the center axis 28. The hook hale exiends axiglly into the base a short
distance from the distal end surface 30 and does not extend entirely through the
base. A center hole 42 is also formed in the base at the center of the base distal end

surface 30. The canter hole 42 extends axially through the base and emerges at the

-8 -
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apex 34 of the base proximal end surface 28. The center hole 42 has a slightly
larger interior diameter dimension adjacent the base distal end surface 30 than the
interior diameter dimension of the hole 42 adjacent the apex 34 of the base proximal

enhd surface 28.

[0038] The hook 22 has a straight shank portion 44 extending from a proximal end
46 of the hook, The hook shank poriion adjacent the hook pgroximal end 46 s
dimensioned with a oylindrical exterior surface that fifs Hghtily into the hook hole 38 in
the base distal end surface 30. The hook shank portion 34 is secured stationary {0
the base by faser welding or other equivaient means. The hook 22 is secured 1o the
base distat end surface 32 with the hook shank porlion 34 extending axially from the
distal end surface 32 substantially paraliel with the center axis 26, but radially
spaced from the center axis. The hook shank portion 44 extending from the distal
end surface 30 has a sgquare or other similar cross-section configuration to facililate
grasping the hook with g8 surgical grasper and preventing the hook shank from
rotating in the grasper. The shank portion 44 extends axially from the base distal
end surface 30 to a bent portion 48 of the hook that extends radially across the distal
end surface 30, through the base center axis 26 and o a distal end tip 52 of the
hook. The distal end tip 52 and shank portion 44 of the hook are sach radially
spaced on opposite sides of the base center axis. Ths shank portion 44 and end tip
52 are both spaced a radial distance dimension on opposite sides of the center axis
28 that is smaller than the base radius dimension, whereby the hook bent portion
and tip do not project radially beyond the cylindrical side surface of the base.

Although the hook 22 is shown as the part of the tissue connector 12 that is
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removably attachable to body tissue, other equivalent devices that do not project

radially beyond the side surface of the base couid be used.

[0037]In the embodiment of the apparatus shown in Figs. 1a and 1b, the cord 16
has a flexible length with opposite first 54 and second 58 ends. The cord first end 54
passes through the center hole 42 of the first tissue conneclor 12 from the proximal
end surface 28 fo the distal end swiface 30, A knot 58 is tied in the cord first end 54.
A madical grade glue, for example cyanoacrylate is applied to the knot. The cord i
pulied from the base proximal end surface 28 {0 pull the knot 58 into the center hole
42 inn the base distal end surface 30. The knot 56 is 100 large o pass though the
smatler portion of the center hole 42 that emerges from the apsx 34 of the proximal
end surface 28. Thereby, the cord first end 54 is secured o the first tissue connector
12 with the cord extending from the base proximal end surface 28 of the Hssug

connector.

[0038]Figs. 6, 7, 8a and 8b show an allernate embodiment of the first tissue
connecior where a post 62 of an eyelet ring 64 is inserted through the base center
hole 42 from the base provimal end surface 28. The post B2 is secured to the base
by laser welding the end of the post 62 in the cemter hole at the base distal end
surface 32. The eyelet ring 64 could be secured o the base by other equivalent
means. The first end 54 of the cord 16 is then secured 1o the eyelet 64 by a knot
being tied in the cord around the eyelet ring 84 and the knot being sscured by a

medical grade glue.

[0038] Details of the construction of the second tissue connector 14 are shown in

Figs. 9, 10, 11 and 12.

- 40 -
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[0040] The second tissue connector 14 is also basically comprised of 3 base 68 and
a hook 72 projecting from the base. The base 88 has a side surface 74 that extends
campletely around the base. The in embodiment shown in the drawing figures the
side surface 74 is cylindrical and has a cenler axis 76 that defines mutually
perpendicular axial and radial directions relative to the base 68. The base 88 also
has a prokimal end surface 78 at one axial end of the base and a distal end surface

80 at the opposite axial end of the base.

{0041] The base proximal end surface 78 Is chamfered or {apers as it extends axially
away from the cylindrical side surface 74. In the embodiment of the second tissue
connector B8 shown, the base proximal end surface 78 has a conical configuration
with a circular peripheral edge 82 defined by the intersection of the proximal end
surface 78 with the cylindrical base side surface 74. The proximal end swiace 78
tapers as it extends from the cylindrical side swiface 74 to an apex 84 on the
proximal end surface. A hole 86 passes through fthe center of the apex 84 of the

proximal end surface 78 to an interior bore of the base that is described later.

[0042] The base distal end surface 80 is substantially flat. The distal end surface
80 has a circular peripheral edge 88 defined by the intersection of the distal end

surface 80 and the cylindrical base side surfacs 74,

[0043] A hook hole 92 is formed in the base distal end surface 80, The hook hole 82
s spaced radially inwardly from the distal end surface peripheral edge 88 and
radially from the center axis 76. The hook hole 82 extends axially into the base a
short distance from the distal end surface 80 and does nol extend entirely through

the base.

~ 41 -
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[0044] The hook 72 of the second lissue connecior 14 has substantially the same
construction as the hook 22 of the first tissue connector 12, The hook 72 has a
straight shank portion 84 extending from a proximal end 96 of the hook. Adjacent
the proximal end 86 ihe hook shank podion has a cylindhical configuration
dimensioned to fit tightly into the hook hole 83 on the distal end surface 80. The
hogk shank portion 84 is secured o the base distal end surface 80 by laser welding
or othar equivalent means. The hook shank portion 94 extends aially from the base
distal end surface 80 substantially paraliel with the base center axis 76 but spaced
radially from the center axis. The shank portion 84 extending from the distal end
surface 80 has a sguare or other similar cross-section configuration that facilitales
grasping the shank portion with surgical graspers and preventing rotation of the
shank portion in the graspers. The hook shank portion 4 extends axially from the
base {0 a bent portion 98 of the hook that extends radially over the base distal end
surface 80 and through the base center axis 76. The hook bent portion 98 extends
from the shank portion 94 {o a distal end tip 100 of the hook. The hook distal end tip
100 and shank portion 94 are both spaced a radial distance dimension on opposite
sides of the center axis 76 that is smaller than the base radius dimension, whereby
the hook bent portion and the distal end tip 100 do not project radially beyond the
cylindrical side surface 74 of the base. Although the hook 72 is shown as the part of
the tissuie connector that is removably aftachable to body tissue, other equivalent
devices that do not project radially beyond the side surface of the hase couid be
used. Additionally, although both tissue connectors 12, 14 are described as having
chamfered or tapered surfgaces 28, 78, it s not necassary that both have {apered

surfaces for the intended funclioning of the apparatus.

- 42 -
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[00458)Although the first 12 and second 14 tssue connectors have simidar
constructions as discussed above, the second fissue connector 14 Is constructed
with a releasable one-way cord lock that enables the length of the portion of the cord

16 extending between the two lissue connectors 12, 14 o be adiusied.

[0048] The second lissue connecitor base 68 has a tubular configuration with a
cylindrical housing wall having the base oylindrical side surface 74 on its exierior,
and a hollow interior bore 102 extending through the length of the housing wall

interior.

[0047] A disk shaped cap 104 is secured fo a distal end of the base housing wall by
laser welding or other eguivalent means. The disk-shaped cap 104 defines the distal

and surface 80 of the base.

[00481A rod or pin 108 is secured 1o the base 88 in the base interior hore 102, The
rad 108 extends radially across the base interior bore 102 adjacent the proximal end
surface 78 of the base. Opposite ends of the rod 106 are secured io the interior

surface of the base cylindrical housing.

[0049] The cord 16 s secured {0 the second fissue connector 14 inside the base
interior bore 102, The second end 56 of the cord 18 extends through the center hole
86 in the apex of the base proximal end surface 78 and into the hollow interior bore
102 of the base. An intermediate portion of the cord 112 is wrapped around the rod
106 in the base interior, thereby attaching the cord 16 {o the second Kssue connecior
14. The intermediate portion of the cord 112 is wrapped around the rod 106 by

being fied in a knot around the rod. The preferred knot 112 is a Munter hitch knot. A

- 13 -
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first portion 114 of the cord length extends from the intermediate portion 112 though
the base center hole 86. The cord first portion 114 extends from the proximal end
surface 7B of the base to the cord first end 54 altached to the first tissue connector
12. A second portion of the cord length 116 exiends from the cord intermediale
portion 112 through a side hole 118 in the base cylindrical side swrface 74 and the
proximal end surface 78. The side hole 118 is provided to separale the cord first
portion 114 and the cord second portion 116 o prevent tangling. The side hole 118
also allows for a greater angle that the cord second portion 116 can be pulled from
the connector. The second portion of the cord 116 extends from second tissue

connector 14 {0 a second, free end 122 of a cord.

[0050] The releasable one-way cord fock I8 comprised of a pair siots 124 that are
farmed in radially opposite sides of the cylindrical side wall of the base 68. As seen
in the drawing figures, the slots 124 extend axially along a portion of the cylindrical
wall of the base 68 and are positioned radially to one side of the base center axis 76.
Alock pin 126 is positioned in the slots 124 and extends from one siot 124 across
the interior bore of the base 68 to the other siot. The lock pin 126 slides axially along

the slots 124,

{00511 An actuator 128 is mounted on the base ¢ylindrical side surface 74 and is
connected to the fock pin 128 inside the base. The actualor 128 is formed as
cylindrical sleeve that surrounds the base cylindrical side surface 74. The actuator
128 s mounted on the coylindrical side surface 74 of the base 68 for axially
reciprocating movemenis between first and second positions of the actuator 128

relative 1o the base 68, The opposite ends of the lock pin 126 project beyond the
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slols 124 in the base oylindrical side swface 74 and are secured in opposite sides of
the actuator 128. Moving the actuator 128 to its first position shown in Fig. 11 causes
the lock pin 126 io engage against the cord intermediate portion 112 that is wrapped
around the rod 106. in Fig. 11, the pin 128 prevents the knot 112 from rotating
counterclockwise around the rod 106 when the knot 112 18 in a 3 o'clock position, or
{0 the right of the rod as shown in Fig. 11 and the cord first portion 114 is pulled.
The engagement of the lock pin 126 against the cord infermediate portion or knot
112 locks the cord and prevents the first portion of the cord length 114 from being
pulled from the proximal end surface 78 of the second tissue comnector 14
However, in the position of the knot 112 shown in Fig. 11 the cord second portion
118 can be pulled from the second tissue connectar 14 {fo shorten the length of the
cord first portion 114, but the cord first portion 114 cannct be pulled from the
connector. Moving the actuator 128 to #ts second position causes the lock pin 126 to
disengage from the cord intermediate portion or knot 112, With the pin 128 moved
upward, the cord first portion 114 can be pulied o move the knot 112
counterclockwise from the 3 o'clock position fo a 6 o'clock position as viewed in Fig.
11. This allows the length of the cord first portion 114 exiending between the second
tissue connector 14 and the first tissue connector 12 fo be pulled from the second
tissue connector 14 o adjust or increase the length of the cord first portion 114,
With the pin 128 moved upward the cord second portion 116 can also be pulied from

the conneacior,
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[0052] A biasing device 132 urges the lock pin 126 to its first position shown in Fig.
11.  In the drawing figures the biasing device 132 is a coiled spring. Other

equivatent types of biasing devices could be employed.

[0053] The slot 124 and the pin 126 are off center relative to the base cylindrical side
surface 74 to facilitate the knot 112 pushing the pin 128 upward against the bias of
the spring 132 when the cord second portion 116 is pulled and the knot 112 moves

clockwise from the 6 o'clock position to the 3 o'clock position relative to the rod 106.

[0054] Tissue connectors having one way cord locks such as that described above
are disclosed in the cumently pending intemational patent application No.

PCT/US2011/01494, which is assigned to the assignee of this invention.

[0055]Fig. 2a shows a further embodiment of the apparatus of the invention
comprising the first tissue connector 12 and the second tissue connector 14
connected by the jength of cord 16. However, the first end of the length of cord 16 is
connected to the first tissue connector 12 having the eyelet ring 64 that was
described earlier. In addition, a second jengih of cord 134 connects a third tissue
connector 136 to the first fissue connector 12. The construction of the third tissue
connector 136 is substantially the same as that of the second tissue connector 14
described earlier. In the embodiment of Fig. 2A, at least two of the three tissue
connectors would require tapered proximal end surfaces in order for the apparatus to
function as intending in removing the apparatus from a surgical site as described

below.

-16 -
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[0088]Fig. 28 shows a still further embodiment of the apparatus where the lissue
connector hook 72 or other equivalent device is not directly connected to the base 68

of the second tissue connector 14, but is connected by a further length of suture 138.

[D087] The apparatus of the mvention also comprises a fissue connector deliver and

removat tube 142 shown in Figs. 13 and 14, and a delivery rod 144 shown in Fig. 15.

[0058]In one embodiment of the apparatus, the tuhe 142 has a straight length with
opposite proximal 146 and distal 148 ends. An interior bore having a smooth
cylindrical interior surface 152 extends through the lengih of the tube. The cylindrical
intetior surface 152 has an interior diameter dimension that is just slightly larger than
the exterior diameter dimension of the first tssue connacior base cylindrical side
surface 24 and the second tissue connector base cylindrical side swrface ¥4, This
enables the tissue connectors 12, 14 {o easily slide through the interior bore of the
tube when delivering the fissue comneciors through the twibe, or removing the tissue

connectors through the tubs.

[0059] The delivery rod 144 has a siraight length that is dimensioned 1o be inserted
into the tube proximal end 148 1o push the tissue comneclors 12, 14 and the
connecting cord 16 through the tube interior bore to deliver the lissug conneclors

and the connecting cord from the tube distal end 142 and 1o & swrgical sie in a hody.

[0060] Additionally, the tapered configuration of the base proximal end surface 28 of
the first tissue connector 12 and the tapered configuration of the base proximal end
surface 78 of the second lissue connector 14 enables the fissue connectors o be

easily pulled into the interior bore of the tube 42 at the iube distal end 148,
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However, it is only necessary that one tissue connector 12 have a tapered proximal
end surface in g two connector embodiment of the apparatus such as that shown in
Figs. 1A and 1B. When il is desired io remove the lissue conneclors 12, 14 from a
surgical site in an area of the body, the tube distal end 142 8 positicned in the area
by inserting the distal end through a cannula or through an incision o position the
tube disial end 148 st the surgical site. An instrument, for example g surgical
grasper is then inserted through the tube 142 until it emerges from the tube distal
end 148, The surgical grasper then grasps the second tissue connector 14 at the
hook 72. The surgical grasper is then removed through the tube 142 moving the
second connector 14 hook first into the tube distal end and pulling the cord into the
tube distal end 142, The cord 16 is then continued o be pulled through the tube until
the tapered configuration of the base proximal end surface 28 of the first tissue
connector 12 18 pulled into the tube distal end 148, The tapered configuration of the
proximal end surface 28 centers the base cylindrical side surface 24 of the first
tissue connector 12 relative the tube interior bore as the tapered proximal end
surface is pulled into the tube interior bore. With the base cylindrical side surface 24
centerad in the inferior bore of the ube 142, the hook 22 projecting from the base
distal end surface 30 is prevented from shagging or caiching the distal end 148 of

the tube 142 as the first tissus connector is pulled inte an through the tube.

[0061] Thus, as described above, the apparatus of the invention and its method of
use facilitate the delivery of surgical tissue conneclors 1o a laparoscopic surgical site

and facilitate the removal of the swrgical connectors from the surgical site.
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[00682]As various modifications could be made in the apparatus herein described
and illustrated and its method of use without departing from the scope of the
invention, it is intended that ali the malter contained in the foregoing description or
shown in the accompanying drawings shall be interpreted as illustrative rather than
limiting. Thus, the breath and scope of the present invention should not be limited by
any of the above described exemplary embodiments, but should be defined only in

gecordance with the following claims appended hereto and thelr eguivalents.

L



The embodiments of the present invention for which an exclusive property or

privilege is claimed are defined as follows:

1. A tissue connector apparatus comprising:

a tissue connector, having a base with a side surface, the side surface
having a center axis that defines mutually perpendicular axial and radial
directions relative to the base, the base having a radius dimension between the
center axis and the side surface, the base having a proximal end surface and a
distal end surface at axially opposite ends of the side surface;

a hook secured to the base; and

a cord characterized by a first end and a second end, and said cord
second end characterized by a first portion, a second portion and an
intermediate portion, said cord connected to and extending from the base
proximal end surface; and

a releasable one-way cord lock through which the cord second end
passes, said releasable one-way cord lock being operable to lock the cord
second end to the base and thereby adjust the length of the cord extending
from the tissue connector,;

wherein the tissue connector has an interior bore, and a pin extending
across the interior bore, and an intermediate portion of the cord is tied in a knot
around the pin, thereby attaching the cord second end to the tissue connector,
and

the releasable one-way cord lock comprises a lock pin axially slidably
disposed in a first axially extending slot disposed in the base, said lock pin
extending across the interior bore of the base, and a sleeve surrounding the
base side surface and axially slidable between first and second positions
relative to the first base, said sleeve secured to the lock pin, whereby movement
of the sleeve causes the lock pin to engage against the cord intermediate
portion to prevent the cord intermediate portion from rotating in a direction
corresponding to movement of the cord second end away from the proximal

end surface of the tissue connector.
2. The apparatus of claim 1, wherein the lock pin extends from the sleeve,
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through the first axially extending slot to a second axially extending slot, and projects

through the first and second axially extending slots and is secured to the sleeve.

3. The apparatus of claim 2, further comprising:
a biasing device disposed within the bore, said biasing device operable

to urge the lock pin toward the intermediate portion.

4. The apparatus of claim 2, further comprising:
a side hole in the base, wherein a portion of the cord extends through

the side hole to the exterior of the tissue connector.

5. The apparatus of claim 1, further comprising:
a biasing device disposed within the bore, said biasing device operable

to urge the lock pin toward the intermediate portion.

6. The apparatus of claim 5, further comprising:
a side hole in the base, wherein a portion of the cord extends through

the side hole to the exterior of the tissue connector.

7. The apparatus of claim 1, further comprising:
a side hole in the base, wherein a portion of the cord extends through

the side hole to the exterior of the tissue connector.

8. The apparatus of claim 1, further comprising:
an additional tissue connector disposed at the first end of the cord.

9. The apparatus of claim 8, wherein the additional tissue connector is also
characterized by:

an additional base with a side surface, the side surface having a center

axis that defines mutually perpendicular axial and radial directions relative to

the base, the additional base having a radius dimension between the center

axis and the side surface, the base having a proximal end surface and a distal

end surface at axially opposite ends of the base side surface;

-21-
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the additional base proximal end surface having a tapered configuration
that tapers as the proximal end surface extends axially away from the additional
base side surface;

an additional hook secured to the additional base;

wherein the first end is secured to the additional base proximal end

surface.

10.  The apparatus of claim 9, further comprising:
a third tissue connector connected to the additional tissue connector

through a second cord.

11.  The apparatus of claim 1 wherein the hook comprises:

a shank portion that extends axially from the base distal end surface, the
shank portion being parallel with and radially spaced from the center axis, the
hook having a bent portion that extends from the shank portion across the
center axis to an end tip of the hook, the hook end tip and the hook shank
portion each being radially spaced on opposite sides of the center axis by radial
distance dimensions that are smaller than the base radius dimension.

12.  The apparatus of claim 1, further comprising:
a tissue connector delivery and removal tube, the tube having an interior
bore with an interior diameter dimension that is larger than a diameter

dimension of the base side surface.

13.  The apparatus of claim 1, further comprising:

the base proximal end surface having a conical configuration.
14.  The apparatus of claim 1, further comprising:
the length of cord extending from the base proximal end surface being

adjustable in length.

15.  The apparatus of claim 1, further comprising:
the base distal end surface having a circular peripheral edge that is

-29.
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coaxial with the center axis; and the hook bent portion and the hook end tip do
not extend radially beyond the distal end surface peripheral edge.

16. A tissue connector apparatus comprising:

a tissue connector, having a base with a side surface, the side surface
having a center axis that defines mutually perpendicular axial and radial
directions relative to the base, the base having a radius dimension between the
center axis and the side surface, the base having a proximal end surface and a
distal end surface at axially opposite ends of the side surface,

a hook secured to the base; and

a cord characterized by a first end and a second end, and said cord
second end characterized by a first portion, a second portion and an
intermediate portion, said cord connected to and extending from the base
proximal end surface; and

a releasable one-way cord lock through which the cord second end
passes, said releasable one-way cord lock being operable to lock the cord
second end to the base and thereby adjust the length of the cord extending
from the tissue connector;

wherein the tissue connector has an interior bore, and a pin extending
across the interior bore, and an intermediate portion of the cord is tied in a knot
around the pin, thereby attaching the cord second end to the tissue connector;
and

the releasable one-way cord lock comprises a lock pin axially slidably
disposed in a first axially extending slot disposed in the base, said lock pin
extending across the interior bore of the base, and a sleeve surrounding the
base side surface and axially slidable between first and second positions
relative to the first base, said sleeve secured to the lock pin, whereby movement
of the sleeve causes the lock pin to engage against the cord intermediate
portion to prevent movement of the cord first end away from the proximal end

surface of the tissue connector.

17.  The apparatus of claim 16, wherein the lock pin extends from the sleeve,

through the first axially extending slot to a second axially extending slot, and projects
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through the first and second axially extending slots and is secured to the sleeve.

18.  The apparatus of claim 16, further comprising a biasing device disposed
within the bore, said biasing device operable to urge the lock pin toward the

intermediate portion.

19.  The apparatus of claim 17, further comprising a biasing device disposed
within the bore, said biasing device operable to urge the lock pin toward the

intermediate portion.

20. The apparatus of claim 186, further comprising:
a side hole in the base, wherein a portion of the cord extends through

the side hole to the exterior of the tissue connector.

21.  The apparatus of claim 17, further comprising:
a side hole in the base, wherein a portion of the cord extends through

the side hole to the exterior of the tissue connector.

22.  The apparatus of claim 18, further comprising:
a side hole in the base, wherein a portion of the cord extends through
the side hole to the exterior of the tissue connector.

23.  The apparatus of claim 16, further comprising:
an additional tissue connector disposed at the first end of the cord.

24. The apparatus of claim 23, wherein the additional tissue connector is
also characterized by:

an additional base with a side surface, the side surface having a center
axis that defines mutually perpendicular axial and radial directions relative to
the base, the additional base having a radius dimension between the center
axis and the side surface, the base having a proximal end surface and a distal
end surface at axially opposite ends of the base side surface;

the additional base proximal end surface having a tapered configuration

-24 -
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that tapers as the proximal end surface extends axially away from the additional
base side surface;

an additional hook secured to the additional base;

wherein the first end is secured to the additional base proximal end

surface.

25.  The apparatus of claim 24, further comprising:
a third tissue connector connected to the additional tissue connector

through a second cord.

26. The apparatus of claim 16 wherein the hook comprises:

a shank portion that extends axially from the base distal end surface, the
shank portion being parallel with and radially spaced from the center axis, the
hook having a bent portion that extends from the shank portion across the
center axis to an end tip of the hook, the hook end tip and the hook shank
portion each being radially spaced on opposite sides of the center axis by radial

distance dimensions that are smaller than the base radius dimension.

27.  The apparatus of claim 16, further comprising:
a tissue connector delivery and removal tube, the tube having an interior
bore with an interior diameter dimension that is larger than a diameter

dimension of the base side surface.

28. The apparatus of claim 16, further comprising:

the base proximal end surface having a conical configuration.
29. The apparatus of claim 16, further comprising:

the length of cord extending from the base proximal end surface being
adjustable in length.
30. The apparatus of claim 16, further comprising:

the base distal end surface having a circular peripheral edge that is

coaxial with the center axis; and
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the hook bent portion and the hook end tip do not extend radially beyond

the distal end surface peripheral edge.
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