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ends of the Wires. The Wires may be curved to accommodate 
attachment of the graft to tubular body organ tubing. The 
Wires may also be formed in annular shapes. The connector 
structures may be formed as stand-alone ring-shaped con 
nectors. Obliquely-angled connections betWeen grafts and 
body organ tubing may be made using the connector struc 
tures. 
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WIRE CONNECTOR STRUCTURES FOR 
TUBULAR GRAFTS 

[0001] This application is a continuation of US. patent 
application Ser. No. 09/505,540, ?led Feb. 17, 2000, Which 
is a continuation of US. patent application Ser. No. 08/946, 
742, ?led Oct. 9, 1997 (now US. Pat. No. 6,074,416). Both 
of these prior applications are hereby incorporated by ref 
erence herein in their entireties. 

BACKGROUND OF THE INVENTION 

[0002] This invention relates to tubular graft structures for 
replacing or supplementing a patient’s natural body organ 
tubing. More particularly, the invention relates to structures 
for connecting the ends of such tubular graft structures to 
body organ tubing. 

[0003] A patient’s Weakened or diseased body organ tub 
ing can often be repaired by replacing or supplementing the 
patient’s existing natural body organ tubing With an arti?cial 
graft structure. One suitable type of arti?cial graft structure 
uses a tubular nitinol mesh frame covered With a silicone 
coating, as described in Goldsteen et al. US. Pat. No. 
5,976,178. Such grafts are highly ?exible, so they recover 
their shape after being stretched. Accordingly, a graft of this 
type may be stretched axially to reduce its radial dimension 
and then installed in a patient intraluminally (e.g., through 
an existing vein or artery). Once delivered to the proper 
location Within the patient, the axially stretched graft may be 
released, Whereupon it expands to regain its original shape. 

[0004] In addition, ?exible arti?cial grafts may be made 
distensible like natural body organ tubing to help reduce clot 
formation When used in vascular applications. Flexible 
arti?cial grafts may also be made biocompatible by adjust 
ing their porosity and the composition of their coatings. 

[0005] Various connector structures may be used to attach 
?exible arti?cial grafts to a patient’s body organ tubing. For 
example, a graft may be surgically attached to a patient’s 
body organ tubing With sutures. To install a graft intralumi 
nally, a pronged ring may be expanded from Within the end 
of the graft, thereby piercing the graft and attaching it to 
surrounding body organ tubing. Barbed ?aps and Wire hooks 
may also be used to attach grafts to body organ tubing. 
Connector structures of these types and other suitable con 
nector structures are described in the above-mentioned 
Goldsteen et al. US. Pat. No. 5,976,178 and in Bachinski et 
al. US. Pat. No. 6,036,702. 

[0006] Although connector structures of these types have 
various useful features, it Would be desirable if connector 
structures With other features Were available. 

[0007] It is therefore an object of the present invention to 
provide improved connector structures for attaching grafts to 
a patient’s body organ tubing. 

SUMMARY OF THE INVENTION 

[0008] This and other objects of the invention are accom 
plished in accordance With the principles of the present 
invention by providing connectors for attaching ?exible 
graft structures to body organ tubing. The connectors may be 
entirely or nearly entirely from Wire. The ?exibility of the 
Wire alloWs the connectors to be radially contracted during 
intraluminal insertion into a patient and subsequently radi 
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ally expanded at the installation site. In addition, the ?ex 
ibility of the structures makes it possible to match the 
compliance or ?exibility characteristics of the connector 
With the compliance of the body organ tubing and arti?cial 
graft structures at the attachment site. 

[0009] To form a secure connection betWeen the graft and 
the body organ tubing, the Wire for the connectors can be 
arranged in tWo opposing groups of Wires near the end of the 
graft. The Wires in the ?rst of the tWo groups are arranged 
about the periphery of the end of the graft. The Wires in the 
second group are spaced by a gap from the Wires in the ?rst 
group along the longitudinal axis of the graft. The body 
organ tubing is held in the gap by the tWo opposing groups 
of Wires. 

[0010] The Wires in the connectors may be loops or may 
be individual Wires. The Wires may also be curved to 
accommodate connections betWeen grafts and natural body 
organ tubing that is tubular in shape. 

[0011] If desired, the connectors may be used to form 
non-right-angle connections betWeen grafts and body organ 
tubing. 
[0012] The connectors may also be annular in shape. Such 
annular connectors may be formed by molding a heat 
sensitive Wire mesh over an appropriate mandrel and heat 
treating the Wire. 

[0013] Further features of the invention, its nature and 
various advantages Will be more apparent from the accom 
panying draWings and the folloWing detailed description of 
the preferred embodiments. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0014] FIG. 1 is a partially cut-aWay perspective vieW of 
an arti?cial graft structure attached to tWo sections of body 
organ tubing With illustrative connectors in accordance With 
the present invention. 

[0015] FIG. 2 is a partly-sectional side vieW of an illus 
trative graft having Wire connectors that are engaging a 
portion of body organ tubing in accordance With the present 
invention. 

[0016] FIG. 3 is a side vieW of an illustrative graft With 
Wire connectors in accordance With the present invention. 

[0017] FIGS. 4a and 4b are side vieWs of portions of 
illustrative grafts having Wire connectors that are interWoven 
and attached to the Wire mesh of a graft in accordance With 
the present invention. 

[0018] FIG. 5 is a side vieW of a portion of an illustrative 
graft having a Wire connector attached at points of the mesh 
other than the Wire intersection points of the mesh in 
accordance With the present invention. 

[0019] FIGS. 6a, 6b, and 6c are perspective vieWs of 
illustrative hook structures for use With the connectors of the 
present invention. 

[0020] FIG. 7a is a perspective vieW of an illustrative 
?attened portion of a Wire connector in accordance With the 
present invention. 

[0021] FIG. 7b is a perspective vieW of an illustrative 
?attened and hooked portion of a Wire connector in accor 
dance With the present invention. 
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[0022] FIG. 8 is a perspective vieW of an illustrative 
Webbed Wire connector structure in accordance With the 
present invention. 

[0023] FIG. 9 is a side vieW of an illustrative graft With 
looped Wire connectors in accordance With the present 
invention. 

[0024] FIGS. 10a, 10b, and 10c are side vieWs of a graft 
With illustrative connector structures in accordance With the 
present invention in Which the use of a sheath to attach the 
graft to a portion of body organ tubing is shoWn. 

[0025] FIG. 11 is an end sectional vieW of an illustrative 
connector arrangement in accordance With the present 
invention in Which the connector Wires are curved to accom 
modate the curvature of the tubular body organ tubing to 
Which the graft is connected. 

[0026] FIG. 12 is a sectional vieW taken along the line 
12-12 in FIG. 11. 

[0027] FIG. 13 is an end sectional vieW of another illus 
trative connector arrangement in accordance With the 
present invention in Which the connector Wires are curved to 
accommodate the curvature of the tubular body organ tubing 
to Which the graft is connected. 

[0028] FIG. 14 is a sectional vieW taken along the line 
14-14 in FIG. 13. 

[0029] FIG. 15 is an end sectional vieW of still another 
illustrative connector arrangement in accordance With the 
present invention in Which the connector Wires are curved to 
accommodate the curvature of the tubular body organ tubing 
to Which the graft is connected. 

[0030] FIG. 16 is a sectional vieW taken along the line 
16-16 in FIG. 15. 

[0031] FIGS. 17a and 17b are side vieWs of illustrative 
annularly-shaped Wire connectors in accordance With the 
present invention. 

[0032] FIGS. 18a and 18b are side vieWs of illustrative 
steps involved in installing Wire connector structures such as 
the connector structures of FIGS. 17a and 17b. 

[0033] FIGS. 19a and 19b are side and top vieWs, respec 
tively, of an illustrative right-angle connection betWeen a 
graft and a length of body organ tubing in accordance With 
the present invention. 

[0034] FIGS. 20a and 20b are side and top vieWs, respec 
tively, of an illustrative non-right-angle connection betWeen 
a graft and a length of body organ tubing in accordance With 
the present invention. 

[0035] FIG. 21 is a perspective vieW of a non-right-angled 
end of a graft having illustrative connectors in accordance 
With the present invention. 

[0036] FIG. 22 is a perspective vieW of the graft of FIG. 
21 connected to a length of body organ tubing. 

[0037] FIG. 23 is a perspective vieW of a length of natural 
body tubing to Which tWo illustrative ring-shaped Wire 
connector structures have been attached in accordance With 
the present invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0038] A ?exible arti?cial graft 30 connected to body 
organ tubing 32 With illustrative Wire connectors 34 in 
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accordance With the present invention is shoWn in FIG. 1. 
Graft 30 may be a structure formed from a ?exible coating 
36 covering a frame 38. The preferred materials for forming 
frame 38 of graft 30 are metals, although polymeric mate 
rials may also be used. The presently most preferred material 
is a braid of nitinol Wire. Wire connectors 34 are preferably 
formed from the same type of ?exible material as frame 38 
(e.g., nitinol Wire). Nitinol Wire is heat sensitive, so con 
nectors 34 of various shapes may be formed by bending the 
Wire of a given connector into a desired shape and applying 
a heat treatment to set the Wire in that shape. 

[0039] Coating 36 is preferably an elastic biocompatible 
material such as silicone, Which ?lls the apertures formed by 
the Wires in frame 38. Other materials that may be used for 
coating 36 include polymeric materials such as stretchable 
urethane, stretchable polytetra?uoroethylene (PTFE), natu 
ral rubber, and the like. 

[0040] If desired, coating 36 can be formed With micro 
scopic pores to help improve biocompatibility. A preferred 
method of providing a desired porosity is to make coating 36 
from an elastic material that is mixed With particles of a 
material that can be removed (e.g., by vaporiZation) after 
coating 36 has been applied to frame 38. When the particles 
are removed, voids are left in coating 36 that give it porosity. 

[0041] Graft 30 may be provided With additional coatings 
such as medicated coatings, hydrophilic coatings, smoothing 
coatings, collagen coatings, human cell seeding coatings, 
etc., as described in the above-mentioned Goldsteen et al. 
US. Pat. No. 5,976,178, Which is hereby incorporated by 
reference herein in its entirety. The above-described pre 
ferred porosity of coating 36 may help graft 30 to retain 
these coatings. 

[0042] In the illustrative example of FIG. 1, graft 30 has 
been used to form a connection betWeen tWo sections of 
body organ tubing 32. Graft 30 may be used to connect 
portions of body organ tubing of any suitable shape. As 
de?ned herein, the term “body organ tubing” generally 
refers to elongated ?uid-containing body organ tissues such 
as blood vessels and the like and to similar but less elongated 
body organ tissue structures such as portions of the heart 
Wall. Body organ tubing 32 may be vascular tubing or any 
other type of body organ tubing. 

[0043] In accordance With the present invention, connec 
tor structures such as Wire connectors 34 are used to attach 
the ends of graft 30 to body organ tubing 32. The illustrative 
connectors 34 of FIG. 1 are relatively short pieces of 
protruding Wire that are Welded to frame 38. 

[0044] As shoWn in FIG. 2, portions of the Wire forming 
connectors 34 protrude on both sides of the body organ 
tubing 32 to Which graft 30 is attached. In particular, 
connector Wires 40 protrude on one side of body organ 
tubing Wall 42 (inside tubing 32) and connector Wires 44 
protrude on the other side of body organ tubing Wall 42 
(outside tubing 32). This arrangement holds graft 30 ?rmly 
in place at the attachment site. 

[0045] Graft 30 is depicted as a bare metal mesh in FIG. 
2 and many of the other FIGS. to shoW the details of 
construction of the connector structures. HoWever, graft 30 
preferably has a coating such as coating 36 of FIG. 1. 

[0046] As shoWn in FIG. 2, Wires 40 and 44 in each 
connector structure 34 are preferably the bent ends of a 








