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(57) ABSTRACT 

Surgical eversion apparatus for preparing a conduit for anas 
tomosis in a human patient comprises an everting member 
having a loop shaped portion adapted to be inserted into an 
end portion of a conduit harvested from a human patient and 
configured to fold a portion of the conduit end portion over 
itself when moved proximally away from the end of the 
conduit and along the conduit while a portion of the conduit is 
held fixed relative thereto. A method of everting a graft com 
prises positioning a graft in a Support device such that an end 
portion of the graft extends therefrom; introducing a gener 
ally looped shaped member into the end portion of the graft 
extending from said Support device; and moving the looped 
shaped member over the support device to fold at least a 
portion of the end portion of the graft over the support device. 
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EVERSION APPARATUS AND METHODS 

CROSS-REFERENCE TO RELATED 
APPLICATION 

0001. This application is a continuation of U.S. Ser. No. 
10/646.254, filed Aug. 22, 2003, entitled “Eversion Appara 
tus and Methods', and bearing Attorney Docket No. 
P0022020.00; and the entire teachings of which are incorpo 
rated herein by reference. 

FIELD 

0002 This invention relates to apparatus and methods for 
preparing a tubular graft for an anastomosis procedure. More 
particularly, the invention involves apparatus and methods for 
everting a graft prior to anastomosing the graft to another 
tubular structure such as an aorta. 

BACKGROUND 

0003. The occlusion of the arteries can lead to insufficient 
blood flow resulting in discomfort and risks of angina and 
ischemia. Significant blockage of blood flow in the coronary 
artery can result in damage to the myocardial tissue or death 
of the patient. In most cases, occlusion of the artery results 
from progressive long term deposits of plaque along the 
artery wall. While such deposits may be concentrated and 
occlude the artery at a particular site, the deposits are most 
certainly present throughout the arteries and the vascular 
system. 
0004 Coronary artery bypass graft (CABG) Surgery is a 
Surgical procedure performed in severe cases of coronary 
blockages. CABG procedures involve anastomosing an 
artery to a graft, Such as a vascular graft, which restores the 
flow of blood by establishing another pathway around the 
occluded vasculature. During coronary artery bypass graft 
Surgery, a vein or other conduit can be attached proximally to 
the patient's aorta. The other end is attached to the blocked 
artery, downstream from the obstruction, thus bypassing the 
coronary occlusion. CABG procedures can be done by plac 
ing the patient on a heart-lung machine and stopping the heart 
from beating or they can be done on a beating heart without a 
heart lung machine. 
0005 Vessel eversion apparatus have been disclosed to 
prepare vascular grafts for anastomosis. For example, vessel 
everting apparatus is described in U.S. Pat. No. 5,076,161 to 
Kirsch, et al. and U.S. Pat. No. 6,176,413 to Heck, et al. 
However, there remains a need to provide improved everting 
apparatus and methods. 

SUMMARY 

0006. The present invention involves improvements in 
anastomosis apparatus and methods for anastomosing a first 
tubular structure to a second tubular structure. 
0007 According to one embodiment of the invention, 
eversion apparatus for preparing a conduit, such as a vessel, 
for anastomosis in a human patient comprises an everting 
member having a loop shaped portion adapted to be inserted 
into an end portion of a conduit from a human patient and 
configured to fold a portion of the conduit end portion over 
itself when it is moved away from the conduit end and along 
the conduit while a portion of the conduit is held fixed relative 
thereto. 
0008. The eversion apparatus facilitates eversion of a vas 
cular or nonvascular graft, for example, so that the intimal 
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Surface of the graft and the intimal Surface of the target 
conduit, such as a vessel, can be placed in contact with one 
another for the anastomosis. The eversion apparatus also 
facilitates rapid graft eversion which can expedite the anas 
tomosis procedure. In cases where the Surgeon must complete 
the graft in as little time as possible due to the absence of 
blood flowing through a vessel such as the aorta in a CABG 
procedure, this can be especially advantageous. If blood flow 
is not promptly restored, sometimes in as little as 30 minutes, 
the tissues the artery Supplies may experience significant 
damage or necrosis. 
0009. According to another embodiment of the invention, 
a conduit or vessel eversion system for preparing a conduit or 
vessel for anastomosis in a human patient comprises a conduit 
or vessel Support device having a proximal end and a distal 
end; and everting apparatus comprising an everting member, 
the everting member having a loop shaped portion adapted to 
be inserted into a portion of a conduit or vessel to be prepared 
for ananastomosis in a human patient and evert the portion of 
the conduit or vessel over the conduit or vessel support device 
when the conduit or vessel is coupled to the support device 
with an end portion thereof extending from the distal end of 
the Support device. 
0010. According to another embodiment of the invention, 
a method of everting a graft comprises positioning a graft in 
a Support device Such that an end portion of the graft extends 
therefrom; introducing a generally looped shaped member 
into the end portion of the graft extending from said Support 
device; and moving the looped shaped member over the Sup 
port device to fold at least a portion of the end portion of the 
graft over the Support device. 
0011. The above is a brief description of some deficiencies 
in the prior art and advantages of the present invention. Other 
features, advantages, and embodiments of the invention will 
be apparent to those skilled in the art from the following 
description, accompanying drawings, wherein, for purposes 
of illustration only, specific forms of the invention are set 
forth in detail. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0012 FIG. 1 is a perspective view of an eversion tool 
constructed according to the principles of the present inven 
tion; 
0013 FIG. 2 is a side elevational view of the eversion tool 
of FIG. 1; 
(0014 FIGS. 3A and 3B are top plan views of the eversion 
tool of FIG. 1 where FIG. 3A shows the everting member or 
loop adjusted to a first diameter and FIG. 3B shows the 
everting member or loop adjusted to a second larger diameter; 
0015 FIGS. 4A and 4B illustrate another embodiment of 
the eversion tool where FIG. 4A shows the everting member 
or loop adjusted to a first diameter and FIG. 4B shows the 
everting member or loop adjusted to a second larger diameter; 
0016 FIG. 5 illustrates another embodiment of the ever 
sion tool; 
(0017 FIGS. 6A-6D schematically illustrate everting a 
graft vessel using the eversion tool of any one of FIGS. 1-5, 
where FIG. 6A illustrates presenting the distal end portion of 
the graft vessel in a graft support device, FIG. 6B illustrates 
insertion of the eversion tool in the distal end portion of the 
graft vessel, FIG. 6C illustrates everting the distal end portion 
of the graft vessel, and FIG. 6D illustrates removing the 
eversion tool from the everted graft and graft Support device; 
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0018 FIGS. 7A-7D depicts another support oranastomo 
sis device apparatus with which the eversion tool can be used, 
where FIG. 7A is a partial sectional view of the support 
device, FIG. 7B is an enlarged partial sectional view of the 
apparatus of FIG. 7A taken generally along line 7B-7B; 
0019 FIG.7C shows the apparatus of FIG. 7A in a radially 
collapsed state with the mandrel or slide retracted allowing 
the arms to progressively move radially inward along the 
distal portion thereof, and FIG. 7D shows the apparatus of 
FIG. 7A in a radially expanded state with the mandrel longi 
tudinally extended toward the distal end of the apparatus 
urging the arms radially outward; and 
0020 FIGS. 7E-7H illustrate everting a graft vessel using 
the eversion tool of any one of FIGS. 1-5, where FIG. 7E 
illustrates presenting the distal end portion of the graft vessel 
in the graft support device of FIG. 7A, FIG. 7F illustrates 
insertion of the eversion tool in the distal end portion of the 
graft vessel, FIG.7C illustrates everting the distal end portion 
of the graft vessel with the eversion tool, and FIG. 7D illus 
trates extending piercing member through the distal end por 
tion of the graft vessel after the eversion tool has been 
removed. 

DETAILED DESCRIPTION 

0021. Before the present invention is described, it is to be 
understood that this invention is not limited to the particular 
embodiments or examples described herein, as such may, of 
course, vary. Further, when referring to the drawings, like 
numerals indicate like elements. 
0022. The apparatus, systems, and methods described 
herein can be used to connect or anastomose tubular struc 
tures or conduits together. The tubular structures can be vas 
cular or nonvascular structures. Thus, the apparatus, systems, 
and methods described herein can be used in connection with 
coronary artery bypass grafting procedures during which a 
vascular conduit or graft structure. Such as a vein (e.g., a 
Saphenous vein), artery (e.g., an internal mammary artery), or 
an artificial conduit or graft structure, is anastomosed to an 
aorta, the example target structure. They also can be used in 
connection with the anastomosis of internal mammary arter 
ies to coronary arteries, and Saphenous veins to coronary, 
femoral or popliteal arteries. The apparatus, systems, and 
methods described herein also can be used in connection with 
connecting other body lumens including nonvascular lumens, 
which can include, but are not intended to be limited to, the 
bile duct, the urethra, the urinary bladder, intestines, esopha 
gus, stomach, and bowel. 
0023 The ideal anastomotic connection can be created 
when the component vessels are arranged in a situation that 
provides intima-to-intima contact. Standard Suturing tech 
niques provide Some degree of this attribute, but there are 
inconsistencies owing to, for example, variation in operator 
technique and vessel preparation. To ensure providing expo 
sure of the graft vessel intima, the vessel can be everted (or 
cuffed). This involves manipulation of the vessel to turn a 
defined section inside-out to expose the internal lumen and 
intimal surface. This everted section can also be utilized to 
create a seal (or gasket) between the graft and the native 
vessel. The everted section can be used to form the interface 
at the anastomotic site that also provides a medium for desired 
tissue healing. One difficulty of vessel eversion arises when 
attempting to manually manipulate the tissue to create the 
everted section or cuff. As the tissue is semi-elastic, it has a 
tendency to resist manual eversion. 
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0024. The invention involves graft or vessel everting appa 
ratus, systems and methods to prepare grafts and vessels for 
anastomosis and assist with the anastomosis. The eversion 
tool or apparatus of the present invention generally comprises 
an everting member, which comprises a flexible or pliable 
member or portion. The flexible or pliable member orportion 
can be semi-rigid and can be generally oval or circular with a 
closed or nearly closed turn. In other words, the flexible or 
pliable member or portion can be in the form of a loop. In 
operation, the everting member loop is inserted into one end 
of a graft or vessel and then manipulated to expand the graft 
or vessel radially outward so that the graft or vessel can be 
everted or draped over a vessel holder or support device, 
which will be described in more detail below. The everting 
member loop can have variable shapes and/or diameters to 
accommodate variously sized vessel Support devices and to 
facilitate ease of its removal therefrom. The eversion tool also 
can include a handle to Support the everting member. 
(0025 Referring to FIGS. 1, 2, 3A, and 3B, one embodi 
ment of an eversion tool constructed in accordance with the 
principles of the present invention is shown and generally 
designated with reference numeral 100. Eversion tool 100 
generally comprises an everting member 104, which com 
prises a flexible or pliable member having a portion that is in 
the form of a circular loop. The generally circular loop can be 
nearly closed or closed. It should be understood, however, the 
flexible and/or pliable characteristics allow the loop to be 
readily reshaped. One suitable material for flexible or pliable 
member 104 can be stainless steel wire, such as 304 series 
stainless steel wire, or nitinol wire. The wire typically will 
have a diameter ranging from about 0.002 to 0.015 inch. 
0026. In the illustrative embodiment, eversion tool 100 
includes handle 102 for supporting everting member 104. As 
shown in the illustrative embodiments, handle 102 can be 
tubular. It also can have a collar at its distal end as shown in 
FIGS. 7E-G. The handle can be made from any suitable 
material Such as a machined metal (e.g., stainless steel) or 
injection molded plastic. 
0027. In the embodiment illustrated in FIGS. 3A and 3B, 
everting member 104 is slidably mounted in handle 102. 
More specifically, the ends of a straight wire (e.g., a nitinol 
wire) can be brought together and inserted into the handle 
without platically deforming the wire. This facilitates adjust 
ment of the size of the everting member loop extending from 
handle 102 by moving the ends of the wire. One can move 
proximally located everting member ends 104a and 104b 
relative to handle 102 to adjust the length of the elongated 
everting member portion extending from the distal end of 
handle 102 to adjust the loop size. In FIG. 3A, the distal ends 
104a and 104b are in first position and in FIG. 3B they have 
been moved in a distal direction as shown with arrows to 
enlarge the loop diameter from a first diameter D1 to a second 
larger diameter D2. From the position shown in FIG. 3B. 
either one or both of the distal ends can be moved proximally 
to return the loop diameter toward or to DI or make the loop 
smaller than D1. 

0028 Referring to FIGS. 4A and 4B another embodiment 
of the eversion tool is shown and generally designated with 
reference numeral 100'. Eversion tool 100' is the same as 
eversion tool 100 with the exception that one portion of evert 
ing member 104 is fixedly secured to handle 102. In the 
example illustrated in FIGS. 4A and 4B, everting member 
104b is fixedly secured to handle 102. Accordingly, one can 
enlarge the everting member loop diameter DI as shown in 
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FIG. 4A by moving or sliding everting member end 104a in a 
distal direction as shown with the arrow in FIG. 4B to enlarge 
the diameter D1 to D2. One can retract everting member end 
104a to return the loop diameter toward or to D1 or reduce the 
loop diameter to a diameter less than D1. According to further 
variations, the loop can be preformed with other shapes such 
as oblong, oval or teardrop shapes. 
0029 Referring to FIG. 5, another embodiment of the 
eversion tool is shown and generally designated with refer 
ence numeral 100". Eversion tool 100" is the same as eversion 
tool 100 with the exception that two portions of everting 
member 104 are fixedly secured to handle 102 so that the 
length of the loop extending from the distal end of the handle 
is fixed. In the illustrative embodiment, everting member ends 
104a and 104b can be fixedly secured to handle 102. 
0030) Referring to FIGS. 6A-D, operation of the eversion 
tool will be described in conjunction with a graft support 
device which is schematically shown and generally indicated 
with reference numeral 200. In order to assist in the under 
standing of the operation of the eversion tool, graft Support 
device 200 will first be described. 

0031 Anastomosis or support device 200 is used to hold 
the everted graft tubular structure (e.g., graft vessel) adjacent 
to or in an opening formed in a target tubular structure (e.g., 
target vessel) to which the graft tubular structure is to be 
anastomosed. More specifically, the Support device Supports 
or holds the graft tubular structure in a position relative to the 
target tubular structure so that the graft and target tubular 
structure can be secured to one another with known fasteners 
Such as Sutures or Surgical clips. 
0032. Anastomosis or support device 200 comprises a 
proximal portion and a distal portion. The distal portion has a 
plurality of arms (or fingers) 206 that are configured to hold 
the everted portion or flap “E” of a tubular graft structure “G” 
as shown in FIGS. 6C and 6D. Adjacent arms are configured 
and arranged to form spaces, such as spaces 208, Suitable for 
receiving surgical fasteners therethrough. Support device 200 
can be described as a slotted tubular member, each slot having 
an open distal end and a closed end. After the Support device 
has been positioned in the desired position and fasteners 
passed through a desired number of the slots through graft 
tubular structure and the target tubular structure, the open 
ends allow removal of the anastomosis or Support device 
without disrupting the fasteners. 
0033 Anastomosis device or support 200 can be made 
from any suitable plastic or metal. For example, the device 
can be made from ABS plastic material or stainless steel 
tubing such as 304 stainless steel tubing. The length of the 
device typically ranges from about 25 mm to about 125 mm 
depending on the application. In aortic applications, it typi 
cally ranges from about 25 mm to about 70 mm. The inner 
diameter of the tube typically ranges from about 1 mm to 
about 25 mm also depending on the application. For example, 
the inner diameter typically can vary from about 3 mm to 
about 6 mm when sized for an aortic anastomosis where the 
tube thickness can range from 0.1 mm to 2 mm. On the other 
hand, the tube inner diameter can be up to about 25 mm when 
sized for applications concerning the bowel. The tube can 
have any number of slots or openings, but typically will have 
4 to 12 slots cut into its side or the number of arms selected 
and arranged to form 4 to 12 openings. The slots or openings 
typically extend a length of about 2 mm to about 25 mm and 
have a width of about 0.2 mm to about 5 mm. In aortic 
applications, the slot length typically can range from about 5 
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mm to about 25 mm and the slot width typically can range 
from about 0.2 mm to 2.5 mm. The desired number of sutures 
or clips to be used for a particular anastomosis can determine 
the number of spaces or slots that the anastomosis device 
should have. That is the number of openings can match the 
number desired fasteners. However, it should be understood 
that the number of openings need not necessarily match the 
number of fasteners. 

0034. The tube can be split down the side to facilitate its 
placement in and removal from the tubular graft structure. 
Regarding the former, the split allows the tube to be com 
pressed and deformed to fit into Small openings in the target 
vessel. On the other hand, the split can be expanded to assist 
in removing the graft from the device. The tube can comprise 
or be made of shape memory material or alloy so that the 
compressed split tube returns to a shape memory tubular 
shape that is approximately equal to or slightly larger the 
opening into which it is inserted. The tube construction can 
provide for some elastic deformation in the radial direction if 
radially compressed so that its annular dimension can be 
decreased to some degree, which can be desirable when intro 
ducing the device into an opening formed in a vessel where 
the opening is slightly Smaller in diameter than the diameter 
of device 200 in the uncompressed state. The wall thickness 
can be selected (e.g., reduced) to provide Such elastic defor 
mation. Other factors that can be used to achieve this effect 
include, but are not limited to a slot number, slit width, and 
material selection as would be apparent to one of skill in the 
art. For example, the tubular member can comprise or be 
made of nitinol. 

0035 Support device 200 can be cylindrical as shown in 
the drawings or it can have other shapes suitable for the 
intended purpose. For example, it can have a rectangular or 
oval configuration. Other construction examples include, but 
are not limited to, mesh tubes, wire framed constructions, or 
other nonsolid wall constructions. 

0036 Referring to FIG. 6A, tubular graft structure (e.g., 
graft vessel) “G” is passed between adjacent fingers 206 of 
support device 200 and the distal end thereof positioned to 
extend distally from the support device lumen. Alternatively, 
the tubular graft structure can be presented through the proxi 
mal end of support device 200 so that it passes along the 
length of the support device and extends from both the distal 
and proximal ends thereof. Eversion tool 100 or 100' is pre 
pared for insertion into the distal end of the tubular graft 
structure. This can include bending the everting member por 
tion that extends from handle 102 so that the plane in which 
the everting member loop lies forms an angle of about 90 
degrees with the longitudinal axis of the handle as shown in 
FIG. 6A. The everting member loop is adjusted to have a 
diameter that allows it to be readily inserted into the end of 
graft G. The loop diameter can be selected to be less than the 
inner diameter of the end of graft Gas shown in FIG. 6A. The 
everting member loop diameter is then enlarged to mechani 
cally expand graft G, which in this example is semi-elastic, 
and increase the diameter of the graft as shown in FIG. 6B. 
The eversion tool is then moved so that the everting member 
passes over the distal end of the support device, thereby 
mechanically draping the expanded end of the graft over the 
support device distal end as shown in FIG. 6C. With the graft 
everted over support device 200, the eversion tool can be 
retracted as shown in FIG. 6D. Optionally, one can detach one 
end of everting member 104 from handle 102 for easier 
removal (FIG. 6D). 
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0037. When eversion tool 100' is used with a fixed loop 
length, one typically does not bend the everting member to 
form an angle with handle 102. In this case, the loop is 
inserted into the graft and pulled over the graft Support device 
as shown in FIGS. 7E-G, which will be described in detail 
below. 

0038 FIGS. 7A-D illustrate a support device 700 that also 
can be used in conjunction with eversion tool or apparatus 
100, 100', or 100" in accordance with the principles of the 
present invention. Support device 700 is described in co 
pending U.S. patent application Ser. Nos. 10/340,161 and 
10/340,164, both of which were filed on Jan. 10, 2003 and 
entitled Anastomosis Apparatus and Methods. 
0039 Anastomosis or graft support device 700 generally 
includes a proximal portion and a distal portion, which 
includes a plurality of arms 706 in which piercing members 
710 can be slidably mounted. More specifically, each arm 
forms a pathway in which a piercing member 710 is slidably 
mounted. Arms 706 can be tubular members (e.g., hypotubes) 
each having a lumen through which a piercing member 706 
can slide. 

0040 Arms 706 are biased radially inward and have outer 
diameters that can range from 0.5 mm to 2 mm, for example, 
in aortic applications. In the illustrative embodiment, anasto 
mosis apparatus 700 includes a mandrel or slide 722 for 
radially expanding the piercing member carrying or Support 
arms 706. 

0041. Each arm 706 has a proximal end secured to tubular 
member or arm support 720 which tapers so that the annular 
dimension of the arms, taken collectively, progressively 
decreases in the distal direction when the slide 722 is in a 
retracted position adjacent to arm Support 720 as shown in 
FIG. 7A. The arms can be secured in circumferentially spaced 
longitudinal grooves formed in arm Support 720 by gluing or 
other Suitable means. The arms also extendalong longitudinal 
grooves formed in mandrel or slide 722. Actuator or plunger 
718 extends through the device with its end secured to man 
drel or slide 722 so that when the pusher is moved forwardly, 
it pushes the mandrel or slide 722 distally and radially 
expands the arms. After a graft is everted over the distal ends 
of the arms as will be described below, it can be desirable to 
radially expand the arms when graft holder or support 700 is 
positioned in an opening in a target tubular structure (e.g., 
target vessel) to which the tubular graft structure (e.g., graft 
vessel) is to be anatomosed. The radial expansion of the arms 
can enhance or form a seal between the graft and the target 
tubular structure (e.g., an aorta). 
0042. Referring to FIGS. 7C and 7D, apparatus or device 
700 further includes piercing members 710, which are slid 
ably mounted in arms 706. Piercing members 710 have proxi 
mal portions 710a and distal portions 710b. Piercing mem 
bers 710 extend from arms 706 proximally toward cylindrical 
piercing member support 721 where proximal portions 710a 
are secured in grooves formed in cylindrical piercing member 
support 721. Support 721 is slidably mounted on actuator or 
pusher 718 and secured to cylindrical knob or finger grip 714 
by fasteneror screw 716 (FIG. 7B). When knob 714 is pushed 
forwardly in a distal direction, the piercing members are 
extended as shown in FIGS. 7C and 7D. Moving the knob 714 
proximally retracts the piercing members as shown in FIG. 
7A. Housing or tubular body 712 can have a longitudinal slot 
717 through which screw 716 can slide so that knob 714 can 
move independently from housing 712. 
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0043. The radius of curvature of the memory shaped distal 
portions 710b of the piercing members can vary. For example, 
a larger radius of curvature may be desired if the user wants to 
insert part of the device into the opening in the target structure 
or vessel to which the graft is to be anastomosed. On the other 
hand, a smaller radius of curvature may be desired if the user 
wants to tack the device down around the opening in the target 
structure or vessel, thereby seating the device on the outer 
wall and covering the opening with the graft. 
0044) Distal portions 710b have the desired memory shape 
to pierce the graft and vessel to which the graft is to be 
anastomosed when the piercing members are advanced. In the 
illustrative embodiment, the piercing members comprise 
shape memory materialso that the distal portions 710b can be 
provided with a hook configured memory shape, which is one 
Suitable shape for holding the graft and vessel together during 
the anastomosis. Thus, the piercing members can be made of 
nitinol wire and the distal portions provided with the desired 
memory shape as is known in the art so that they return to their 
memory shape when in an unbiased State (e.g., extended from 
arms 706). In other words, the shape memory alloy distal 
portions exhibit pseudoelastic (Superelastic) behavior. 
0045 Referring to FIGS. 7E-G, eversion of a graftover the 
distal end portion of support member or apparatus 700 using 
any one of the eversion tools 100, 100', or 100" will be 
described. Graft structure (e.g., graft vessel) G is positioned 
in the graft support device or apparatus 700 with the distalend 
of graft structure G extending from the distal end of the 
support device as shown in FIG. 7E. The everting member 
loop of eversion tool 100 is introduced through the distal end 
of the graft structure and inserted into the graft lumen shown 
in FIG. 7F. The diameter of the everting member or loop can 
be increased as described above in connection with embodi 
ments 100 and 100' to expand or increase the diameter of the 
graft vessel to make it easier to evert the distal end portion of 
the graft structure over the distal end of the graft holding 
device. The everting member loop is then turned or oriented 
so that it can pass over the distal end portion of the Support 
member and moved to pass over the Support member distal 
end portion or arms 706, thereby everting graft structure G 
over the Support member distal end portion and forming 
everted portion E with the intimal surface of the graft lumen 
exposed and facing radially outward. In this manner the graft 
is prepared for an anastomosis where an intima-to-intima 
connection can be readily achieved. The Support device can 
be positioned in an opening formed in the target tubular 
structure and the piercing members extended as shown in 
FIG. 7H to hold the graft and target tubular structures 
together, while fasteners are used to secure the graft and target 
structures together. 
0046 More specifically, after the surgeon cuts a hole or 
opening in the target tubular structure or vessel (e.g., the 
aorta) using a scalpel and an aorta cutting device or punch, the 
surgeon covers the hole with either a finger or other suitable 
tool. The distal portion of the support device and the portion 
of the graft everted thereover are positioned in the vessel 
opening. The distal portions of the piercing members are 
extended and the mandrel is moved distally to expand the 
arms and everted graft against the tissue Surrounding the 
opening so as to form a seal therewith. In other words, the 
arms can be expanded to urge the everted graft against the 
tissue Surrounding the target vessel opening to seal the con 
nection between the graft and target vessel. After the fasteners 
have been placed to connect the graft and target tubular struc 
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tures, the piercing members are retracted and anastomosis 
device 700 pulled off of the graft and target structures. Addi 
tional fasteners or clips can be placed at the connection, if any 
blood appears to be seeping out from the graft and target 
vessel. 
0047 Any fastener can be used to secure the tubular graft 
and target structures together. Examples of suitable fasteners 
include conventional Sutures and Surgical clips such as the 
surgical clips disclosed in U.S. Pat. Nos. 5,972,024 to 
Northrup, et al., 6,607,541 to Gardiner, et al., 6.514,265 to 
Ho, et al., U.S. Patent Publication No. 2002-0010490 of U.S. 
patent application Ser. No. 09/260,623 filed Mar. 1, 1999 and 
entitled Tissue Connector Methods and Apparatus and U.S. 
patent application Ser. No. 09/090,305 filed Jun. 3, 1998 and 
entitled Tissue Connector Apparatus and Methods. 
0.048 Variations and modifications of the devices and 
methods disclosed herein will be readily apparent to persons 
skilled in the art. As such, it should be understood that the 
foregoing detailed description and the accompanying illus 
trations, are made for purposes of clarity and understanding, 
and are not intended to limit the scope of the invention, which 
is defined by the claims appended hereto. 
What is claimed is: 
1. Surgical eversion apparatus for preparing a conduit for 

anastomosis in a human patient using a device with multiple 
piercing members, said eversion apparatus comprising a 
handle coupled to an everting member having a loop shaped 
portion adapted to be inserted into an end portion of a conduit 
from a human patient and configured to fold a portion of the 
conduit over itself when it is moved away from the conduit 
end portion and along the conduit while a portion of the 
conduit is held fixed relative thereto, wherein said handle 
defines a major longitudinal axis and further wherein said 
eversion apparatus is configured to provide a first state in 
which said loop shaped portion extends from said handle in a 
plane parallel with said major longitudinal axis. 

2. The eversion apparatus of claim 1 wherein said everting 
member comprises a flexible member having two ends, said 
two ends being movable relative to said handle and portions 
of said flexible member being slidably mounted to said 
handle. 

3. The eversion apparatus of claim 1 wherein said everting 
member comprises a flexible member having two ends, one of 
said ends being movable relative to said handle, the other one 
of said two ends being fixedly secured to said handle. 
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4. The eversion apparatus of claim 1 wherein said everting 
member comprises a flexible member having two ends, both 
of said ends being fixedly attached to said handle. 

5. The eversion apparatus of any one of claims 2-4 wherein 
said flexible member comprises a pliable wire. 

6. The eversion apparatus of claim 1 wherein said loop 
shaped portion has an adjustable diameter. 

7. The eversion apparatus of claim 1, wherein said overting 
member is bendable from said first state such that said ever 
sion apparatus is configured to be transitionable to a second 
state in which said loop shaped portion extends from said 
handle in a plane forming an angle of about 90 degrees with 
said major longitudinal axis. 

8. A vessel eversion system for preparing a vessel for 
anastomosis in a human patient, said vessel eversion system 
comprising: a vessel Support device having a proximal end 
and a distal end forming a plurality of piercing members; and 
an everting apparatus comprising an everting member, said 
everting member having a loop shaped portion adapted to be 
inserted into a portion of a vessel to be prepared for an 
anastomosis in a human patient and evert the portion of the 
vessel over said plurality of piercing members when said 
vessel is coupled to said Support device with an end portion 
thereof extending from said distal end of said Support device. 

9. The vessel eversion system of claim 8 wherein said 
everting apparatus includes a handle and said everting mem 
ber is coupled to said handle. 

10. The vessel eversion system of claim 9 wherein said 
everting member comprises a flexible member having two 
ends, said two ends being movable relative to said handle and 
portions of said flexible member being slidably mounted to 
said handle. 

11. The vessel eversion system of claim 9 wherein said 
everting member comprises a flexible member having two 
ends, one of said ends being movable relative to said handle, 
the other one of said two ends being fixedly secured to said 
handle. 

12. The vessel eversion system of claim 9 wherein said 
everting member comprises a flexible member having two 
ends, both of said ends being fixedly attached to said handle. 

13. The vessel eversion system of any one of claims 10-12 
wherein said flexible member comprises a pliable wire. 

14. The vessel eversion system of claim 8 wherein said 
loop shaped portion has an adjustable diameter. 
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