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(57) ABSTRACT 

An integrated anastomosis tool may include an effector that 
both makes an opening in the wall of a target vessel and 
connects a graft vessel to the target vessel. The effector may 
include a cutter assembly and a connection module that are 
independently actuatable. The connection between the graft 
vessel and the target vessel may be compliant, and may be 
achieved by suturing an end of the graft vessel to the side of 
the target vessel with the connection module. 
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COMPLIANT ANASTOMOSS SYSTEM 
UTILIZING SUTURE 

0001. This patent application is a divisional of U.S. patent 
application Ser. No. 11/004,777 (attorney docket no. 157), 
filed Dec. 3, 2004, which, in turn, is a continuation-in-part of 
U.S. patent application Ser. No. 10/877,971 (attorney docket 
no. 150), filed on Jun. 25, 2004, now U.S. Pat. No. 7,794,471, 
issued Sep. 14, 2010, which, in turn, claims priority of U.S. 
Provisional Patent Application Ser. No. 60/483,079 (attorney 
docket no. 141), filed Jun. 26, 2003, all of which are hereby 
incorporated by reference in their entireties. 

FIELD OF THE INVENTION 

0002 The present invention relates generally to anastomo 
sis, and more particularly to a system for performing a com 
pliant anastomosis. 

BACKGROUND 

0003. Anastomosis is a procedure where two separate 
tubular or hollow organs are Surgically grafted together to 
forma continuous fluid channel between them. Vascularanas 
tomosis involves creatingananastomosis between blood ves 
sels to create or restore blood flow. When a patient suffers 
from coronary artery disease (CAD), an occlusion or Stenosis 
in a coronary artery restricts blood flow to the heart muscle. In 
order to treat CAD, the area where the occlusion occurs is 
bypassed to reroute blood flow by grafting a vessel in the form 
of a harvested artery or vein, or a prosthesis. Anastomosis is 
performed between a graft vessel and two target vessels in 
order to bypass the blocked coronary artery, circumvent the 
occlusion and restore adequate blood flow to the heart 
muscle. This treatment is known as a coronary artery bypass 
graft procedure (CABG). 
0004 Ananastomosis may be compliant or noncompliant. 
A noncompliantanastomosis is one in which the anastomosis 
opening in the target vessel is not substantially free to expand 
or contract radially. A noncompliant anastomosis may be 
formed with a one-piece or multiple-piece anastomosis 
device that compresses or otherwise controls tissue in the 
vicinity of the anastomosis to hold the graft vessel in place 
relative to the target vessel. Noncompliantanastomoses have 
been Successful, such as when utilizing anastomosis devices 
deployed by Cardica's PAS-PortTM anastomosis system. A 
compliant anastomosis is one in which the target vessel is 
Substantially free to expand or contract circumferentially and 
longitudinally in proximity to the anastomosis site. A tradi 
tional Sutured anastomosis is compliant, and for this reason 
Some Surgeons would prefer to utilize an anastomosis system 
that provides a compliantanastomosis, particularly between a 
graft vessel and the aorta or other source of arterial blood. 

SUMMARY 

0005. In one aspect of the invention, an integrated anasto 
mosis tool includes an effector that both creates an opening in 
the wall of a target vessel and deploys a plurality of indepen 
dent connectors to connect a graft vessel to the target vessel to 
form a compliantanastomosis. The effector includes a cutter 
assembly for creating the opening and a connection module 
for deploying the connectors. The connectors may be staples, 
clips or any other Suitable structures or mechanisms. 
0006. In another aspect of the invention, the effector is 
connected to an actuator directly or indirectly. The actuator 
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transmits energy to the effector to actuate the cutter assembly 
and the connection module. The actuator may store energy for 
transmission to the effector in any suitable form and in any 
Suitable structure and/or mechanism. Alternately, the actuator 
may be connected to an external source of energy, Such as 
compressed gas or electric power, without Substantially stor 
ing energy within itself. The particular energy source used 
and/or the structure or mechanism for energy storage may be 
independent from the configuration of the effector. The actua 
tor may be part of or connected to a handle graspable by a 
USC. 

0007. In another aspect of the invention, the effector is 
connected to the actuator via an interface member. The inter 
face member may be hinged, flexible, articulated or otherwise 
configured to allow the effector to be positioned at two or 
more different positions relative to the actuator. In this way, 
the effector can be oriented to facilitate the connection of the 
graft vessel to that target vessel, without the need to hold the 
actuator in an awkward position. Further, in this way the use 
of the effector in minimally-invasive Surgery through a small 
incision in the patient is facilitated. 
0008. In another aspect of the invention, the cutter assem 
bly and the connection module each may be attached to or 
otherwise associated with at least one transmission member 
Such as a cable. Alternately, at least one transmission member 
may be a flexible shaft, a gear or gear assembly, a belt, or any 
other Suitable mechanism. Each transmission member is in 
turn connected to the actuator. The cutter assembly may be 
actuated by motion of at least one transmission member con 
nected to or otherwise associated with it, and the connection 
module may be actuated by motion of at least one transmis 
sion member connected to or otherwise associated with it. For 
example, a transmission member may be attached to and 
cause motion of a traveler, which in turn causes motion of the 
connection module. The transmission member or members 
connected to the cutter assembly may be independent from 
the transmission member or members connected to the con 
nection module, to allow the cutter assembly to be actuated 
independently from the connection module. The cutter 
assembly and the connection module may be actuated 
sequentially by sequentially moving different transmission 
members. 

0009. In another aspect of the invention, the cutter assem 
bly includes a cutter member that includes a cutter, and a 
holder that receives at least a portion of the cutter. The cutter 
may be at least partially cylindrical, and the holder may 
include a corresponding tubular bore therethrough. The distal 
end of the cutter is a cutting edge that is sharpened as by 
beveling, and may be circular or otherwise shaped. Further, 
the distal end of the cutter is tubular or otherwise substantially 
hollow in order to receive tissue cut from the wall of the target 
vessel. An auger extends from the distal end of the cutter, Such 
as along the longitudinal axis of the tube. The auger may be 
threaded or fluted, or may be unthreaded and configured like 
a spike or spear. The auger may be fixed translationally and/or 
rotationally relative to the cutter. A transmission member is 
connected to the cutter member, and may extend through a 
lateral passage in the holder. Motion of at least one transmis 
sion member associated with the cutter assembly may both 
rotate and advance the cutter. As one example, a portion of the 
outer surface of the cutter member is threaded, and the trans 
mission member is a cable wound along the threads, such that 
motion of the cable rotates and advances the cutter. 
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0010. In another aspect of the invention, the effector 
includes at least one registration element that is configured to 
maintain the effector in Substantially the same location rela 
tive to the target vessel throughout actuation of the effector. 
As one example, a number of registration elements extend 
distally from the effector and are configured to engage the 
tissue of the target vessel. Optionally, at least one registration 
element is configured to test the thickness and/or tissue qual 
ity of the wall of the target vessel. Each registration element 
has a cross-section area Small enough that its separation from 
the target vessel causes at most minimal leakage through the 
wall of the target vessel. Optionally, one or more thickness 
sensors may be provided independent from the registration 
element or elements. 
0011. In another aspect of the invention, a graft vessel is 
loaded onto the connection module. The connection module 
is moved to the closed position if it is not already in the closed 
position, and a graft vessel is pulled through a passage in the 
connection module Such as by a pull-through tool or tools. 
Advantageously, the connection module allows side loading 
and release of the graft vessel to provide greater Surgical 
flexibility. An end of the graft vessel is placed onto at least a 
part of each connector. 
0012. In another aspect of the invention, after the graft 
vessel has been loaded onto the connection module, the con 
nection module is loaded into the effector if it is not already in 
the effector. The distal end of the effector may be placed on 
the target vessel at a potential anastomosis site. The effector 
may include a port or other opening therein to allow the 
operator to better visualize the intended anastomosis site. At 
least one registration element engages the target vessel as the 
effector is placed against it. 
0013. In another aspect of the invention, optionally at least 
one registration element is configured to measure the thick 
ness of the wall of the target vessel. Where the wall of the 
target vessel is the proper thickness for anastomosis, fluid 
enters the hollow interior of the registration element through 
its distal end and exits through the aperture, providing visual 
confirmation that the tissue of the wall of the target vessel is 
of suitable thickness and is not calcified. Where the wall of the 
target vessel is too thick, or is calcified, no fluid exits the 
aperture because the end of the registration element has not 
penetrated the wall of the target vessel completely, and the 
potential anastomosis site is not suitable. The operator then 
removes the effector from the target vessel and places it at a 
different potential anastomosis site on the target vessel. In this 
way, an operator can easily determine whether the selected 
anastomosis site on the target vessel is appropriate. 
0014. In another aspect of the invention, after the effector 

is registered to the target vessel, the cutter assembly is actu 
ated by the corresponding transmission member to create an 
opening in the wall of the target vessel. Where the transmis 
sion member is a cable wound about at least a portion of the 
cutter member, the proximal motion of the cable causes the 
cutter to advance as well as rotate about its longitudinal axis. 
The bore in the holder guides and stabilizes the cutter as it 
advances. As the cutter advances and spins, it enters the tissue 
of the target vessel through the aperture in the stop at the distal 
end of the effector, and creates an opening therein. The auger 
may be fixed longitudinally relative to the cutter, such that it 
advances longitudinally at the same rate as the cutter. 
0015. In another aspect of the invention, after the cutter 
creates an opening in the wall of the target vessel, it is moved 
out of the way of the connection module. For example, where 
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the transmission member attached to the cutter is a cable, it 
becomes taut when no more cable remains to pull through the 
passage in the holder, and then exerts a proximal tensile force 
on the cutter assembly. In response to that proximal force, the 
cutter assembly moves proximally, out of and then away from 
the opening in the target vessel. The cutter assembly then 
moves in a direction that has a component Substantially per 
pendicular to the direction of its previous longitudinal 
motion. Alternately, the cutter assembly moves in a different 
direction relative to the direction of its previous longitudinal 
motion, Such as by rotating on an axis away from that direc 
tion. The cutter assembly and the connection module initially 
may be arranged substantially along an axis, where the cutter 
assembly is movable away from that axis before the connec 
tion module is shuttled distally. In this way, the cutter assem 
bly is moved out of the way of the connection module. 
0016. In another aspect of the invention, the connection 
module is actuated by a corresponding transmission member, 
and translates distally toward the opening. Distal motion of 
the connection module may cease when it contacts a stop. At 
that time, where the connectors are staples, a tine of each 
Staple may extend through the opening in the wall of the target 
vessel created by the cutter assembly, and another tine of each 
Staple may penetrate completely through the wall of the target 
vessel. The connection module may include at least one plate 
that has a number of apertures defined in it and an anvil 
extending into each aperture. A staple is positioned adjacent 
to each anvil, and may be held in place by that anvil. Each 
plate may rotate, such as about the longitudinal centerline of 
the connection member. One or more drivers are located 
proximal to the staples, and are movable distally to push each 
Staple distally against the corresponding anvil. 
0017. In another aspect of the invention, the connection 
module quickly shuttles distally and deploys the connectors 
after the cutter assembly has been moved out of the way. 
Advantageously, the connection module shuttles distally and 
deploys the connectors in one second or less. Because of the 
short duration between creation of the opening in the wall of 
the target vessel and completion of the anastomosis, hemo 
Stasis need not be maintained, as only a small amount of fluid 
escapes through the opening in the target vessel. In this way, 
construction of the effector is simplified. 
0018. In another aspect of the invention, after the connec 
tion module Substantially stops its distal motion, force is still 
exerted on the connection module in the distal direction. This 
force pushes on the driver or drivers, which in turn exert a 
force on the connectors in a distal direction that deploys them, 
anastomosing the graft vessel to the target vessel. The motion 
of the driver or drivers exerts a force against each connector, 
which deforms upon contact with the corresponding anvil. 
Alternately, the connectors are self-deforming, and the force 
exerted by the driver or drivers is applied to the connection 
module in a manner that releases the connectors for self 
deformation. After the connectors have been deployed, the 
anastomosis is complete. Each plate is rotated or otherwise 
moved to clear the anvils out of the way and release the 
connectors from the connection module through the apertures 
in the plate. 
0019. In another aspect of the invention, where staples are 
used as connectors, one tine of each staple may extend 
through and bends substantially radially outward from the 
opening in the wall of the target vessel, thereby contacting the 
inner surface of the wall of the target vessel without penetrat 
ing it in response to the force exerted by the driver or drivers. 
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That time penetrates the wall of the graft vessel, either as part 
of the prior preparation of the graft, or in response to the force 
exerted by the driver or drivers. Further, in response to that 
force another tine of each staple may penetrate, partially or 
completely, the wall of the target vessel from the outside. 
Optionally, that tine may penetrate the wall of the graft vessel. 
0020. In another aspect of the invention, the connection 
module may be configured to Suture the graft vessel to the 
target vessel, rather than deploy connectors such as Staples or 
clips to connect the vessels. Such a connection module uti 
lizes a plurality of partially-tied knots that are tightened to 
form fully-tied knots to connect the graft vessel to the target 
vessel. Rather than or in addition to partially-tied knots, the 
connection module may utilize one or more other mecha 
nisms or structures connected to or otherwise associated with 
Suture in order to connect the graft vessel to the target vessel. 
0021. In another aspect of the invention, where the con 
nection module is configured to Suture the graft vessel to the 
target vessel, the connection module includes a plurality of 
needles, each movable through the opening in the target ves 
sel created by the cutter. At least one needle may include a 
detachable tip. 
0022. In another aspect of the invention, the needles pen 
etrate the wall of the graft vessel in proximity to its distal end, 
which may be everted or flapped. The connection module 
further includes a plurality of Suture loops, each correspond 
ing to a different needle. After the needles pass through the 
opening in the target vessel created by the cutter, they pen 
etrate the wall of the target vessel from the inside out. After 
that penetration, each needle passes through the correspond 
ing Suture loop. 
0023. In another aspect of the invention, where at least one 
needle includes a detachable tip, that detachable tip engages 
a grate at or near the distal end of the connection module. The 
grate is movable proximally, thereby detaching the detach 
able tips that it has engaged from the corresponding needles. 
In this way, a single motion of the grate can tighten all of the 
Suture loops, even if the loops capture different amounts of 
tissue, and/or tissue of variable compliance. The proximal 
motion of the grate also tensions the Suture, converting the 
partially-tied knots to fully-tied knots. The connection mod 
ule may include a slicer that cuts the suture after the knots 
have been fully tied. Alternately, the suture may be discon 
nected from the needle tip and the anastomosis tool by a 
controlled release crimp that is configured to release the 
Suture under a tension force that is greater than the tension to 
tighten the knot, but less than the tension to break the suture. 
0024. In another aspect of the invention, after the graft 
vessel has been connected to the target vessel, the connection 
module moves to the open position, releasing the graft vessel. 
For example, the connection module may be biased to the 
open position, and distal force exerted against the connection 
module may release a catch that previously had overcome that 
bias to hold the connection module closed. The effector is 
then removed from the target vessel. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0025 FIG. 1 is a schematic view of an integrated anasto 
mosis tool having an actuator and an effector. 
0026 FIG. 2 is a perspective view of an exemplary effec 

tOr. 

0027 FIG. 3 is a perspective view of an exemplary cutter 
assembly of an effector. 
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0028 FIG. 3A is a perspective view of an exemplary 
holder that may be used in the cutter assembly. 
0029 FIG. 4 is a cross-section view of a cutter member of 
the cutter assembly. 
0030 FIG. 5 is a cross-section view of the cutter member 
showing a cutter cable wrapped around a portion thereof. 
0031 FIG. 6 is a perspective view of one example of a 
connection module of an effector of an integrated anastomo 
sis tool, where the connection module is in an open position. 
0032 FIG. 7 is a perspective view of the connection mod 
ule of FIG. 6 in a closed position. 
0033 FIG. 8 is a front view of an exemplary connector that 
may be used in conjunction with the connection module. 
0034 FIG.9 is a top view of an anvil plate that may be used 
in conjunction with the connection module, showing the rela 
tionship between the anvil plate and connectors. 
0035 FIG. 10 is a top cross-section view of a traveler. 
0036 FIG. 11 is a side cutaway view of the effector in an 
initial configuration. 
0037 FIG. 11A is a perspective view of an exemplary 
poke-through tool. 
0038 FIG. 11B is a perspective view of an end-to-side 
anastomosis having a cobrahead configuration. 
0039 FIG. 12 is a side cutaway view of the effector in a 
second configuration after the cutter member of the cutter 
assembly has moved distally. 
0040 FIG. 13 is a side cutaway view of the effector in a 
third configuration after the cutter assembly has moved proxi 
mally after creating an opening in the target vessel. 
0041 FIG. 14 is a side cutaway view of the effector in a 
fourth configuration after the cutter assembly has moved off 
aX1S. 

0042 FIG. 15 is a side cutaway view of the effector in a 
fifth configuration after the connection module has shuttled 
distally. 
0043 FIG. 16 is a side cross-section view of tines of con 
nectors entering the opening in the target vessel with the graft 
vessel everted over those tines, as the connection module 
moves distally to the position of FIG. 15. 
0044 FIG. 17 is a side cross-section view of a connector 
positioned in the target vessel after the connection module has 
moved to the position of FIG. 15, prior to deployment. 
004.5 FIG. 18 is a side cross-section view of a connector 
positioned in the target vessel after the connection module has 
moved to the position of FIG. 15, after deployment. 
0046 FIG. 19 is a side cutaway view of the effector in a 
sixth configuration after the connection module has deployed 
connectors to connect the graft vessel to the target vessel and 
has opened to release the graft vessel. 
0047 FIG. 20 is a perspective view of a second exemplary 
connection module placed against the target vessel. 
0048 FIG. 21 is a perspective view of a segment of the 
connection module of FIG. 20, showing the distal end of that 
segment and the graft vessel. 
0049 FIG. 22 is a side view of the connection module of 
FIG. 20 placed against the target vessel. 
0050 FIG. 23 is a perspective view of an inner surface of 
the distal end of a housing that encloses at least part of a 
segment of the connection module of FIG. 21. 
0051 FIG.24 is a perspective view of an exemplary needle 
movable relative to the inner surface of the distal end of the 
housing of FIG. 23. 
0052 FIG.25 is a perspective view of a needle tip detach 
ably connectable to the needle of FIG. 24. 
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0053 FIG. 26 is a perspective view of the needle tip of 
FIG. 26 connected to a length of suture. 
0054 FIG. 27 is a perspective view of a portion of the 
connection module including the grate, after at least one 
needle tip has been captured by the grate. 
0055 FIG. 28 is a perspective view of another exemplary 
needle tip utilized in conjunction with a trap. 
0056 FIG.29 is a cross-section view of the trap of FIG. 28. 
0057 FIG. 30 is a detail view of a portion of the connec 
tion module utilizing the needle tip and trap of FIG. 28, 
showing a first step in actuation. 
0058 FIG. 31 is a detail view of a portion of the connec 
tion module utilizing the needle tip and trap of FIG. 28, 
showing a second step in actuation. 
0059 FIG. 32 is a detail view of a portion of the connec 
tion module utilizing the needle tip and trap of FIG. 28, 
showing a third step in actuation. 
0060 FIG.33 is a detail view of a portion of the connec 
tion module utilizing the needle tip and trap of FIG. 28, 
showing a fourth step in actuation. 
0061 The use of the same reference symbols in different 
figures indicates similar or identical items. 

DETAILED DESCRIPTION 

0062. This specification describes an exemplary embodi 
ment of an integrated anastomosis tool and an exemplary 
method for using that tool. 
0063 Integrated Anastomosis Tool 
0.064 Referring to FIG. 1, an integrated anastomosis tool 
2 includes an effector 4 connected to an actuator 6. Such as by 
an interface member 8. The interface member 8 may be flex 
ible, articulated, hinged or otherwise configured in any Suit 
able manner to allow the effector 4 to be positioned at two or 
more different positions relative to the actuator 6. That is, the 
interface member 8 may be bent, manipulated or otherwise 
moved such that the effector 4 may be positioned in more than 
one orientation relative to the actuator 6. Articulation or other 
motion of the interface member 8 may be located anywhere 
along the length of the interface member 8, or on the effector 
4 or actuator 6. Alternately, control of the articulation may be 
integrated into the actuation sequence of the tool 2. In this 
way, the effector 4 can be oriented by the user to facilitate the 
connection of a graft vessel to a target vessel without the need 
to hold the actuator 6 in an awkward position. Alternately, the 
interface member 8 may be rigid. Alternately, the effector 4 
may be connected directly to the actuator 6. For example, the 
effector 4 and actuator 6 may be fixed mechanically relative to 
one another, such as by securing both the effector 4 and 
actuator 6 to a common frame or housing. 
0065 Actuator 
0066. The actuator 6 may be connected operationally to 
the effector 4 by one or more transmission members (not 
shown). At least one transmission member may be a cable, a 
rod, a belt, a chain, a tube or other structure for transmitting 
fluid or hydraulic pressure, one or more electrical wires and/ 
or motors, or any other Suitable structure or mechanism. 
Where more than one transmission member is utilized, one or 
more of the transmission members may be configured differ 
ently from one or more of the others. For example, the trans 
mission members may include a cable used in conjunction 
with a rod. The actuator 6 is operationally connected to the 
effector 4 by one or more transmission members, and as a 
result the mechanical configuration of the actuator 6 is inde 
pendent of the mechanical configuration of the effector 4. 
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That is, because the actuator 6 interfaces with the effector 4 
via the transmission member or members, the actuator 6 may 
be any mechanism capable of actuating the transmission 
members in such a way as to operate the effector 4. In this 
way, the effector 4 presents a standard interface to the actuator 
6. Such that any actuator 6 that meets the standard interface 
may be utilized. The design of a particular configuration of 
the actuator 6 to achieve desired motion of one or more 
transmission members is within the capability of one skilled 
in the art. Alternately, the actuator 6 is directly connected to 
the effector 4, and transmission members are not used. Such 
that the mechanical configurations of the actuator 6 and of the 
effector 4 are not independent. 
0067. The actuator 6 transmits energy to the effector 4 to 
actuate it, Such as via the one or more transmission members. 
The actuator 6 may store energy for transmission to the effec 
tor 4. Such energy may be stored in any suitable form, and in 
any suitable structure and/or mechanism. As one example, a 
reservoir of compressed gas Such as carbon dioxide, argon or 
nitrogen is included within or connected to the actuator 6, in 
which energy is stored in the form of gas pressure. As another 
example, a battery or batteries are included within or con 
nected to the actuator 6. Such that electrical energy is stored. 
As another example, a spring or springs are included within or 
connected to the actuator 6 and deformed. Such that energy is 
stored as a result of the deformation of that spring or springs. 
Other types of energy may be stored by different or additional 
mechanisms within or connected to the actuator 6, if desired. 
Alternately, the actuator 6 may be connectable to an external 
Source of energy used to transmit force to the effector 4. 
instead of or in conjunction with an internal energy source 
within the actuator 6. As one example, the actuator 6 may be 
connectable to an external electrical outlet that provides AC 
or DC power. As another example, the actuator 6 may be 
connectable to an external Source of compressed gas, such as 
carbon dioxide or nitrogen. As another example, the actuator 
6 may be connectable to an external vacuum source. Such 
vacuum may be utilized, for example, to draw ambient air into 
and/or through the actuator 6 to drive an impeller, thereby 
generating energy for transmission to the effector 4. Other 
types of energy may be received from an external source by 
the actuator 6. The particular energy source utilized and/or the 
structure or mechanism for energy storage is independent 
from the configuration of the effector 4. Alternately, energy is 
stored in the effector 4, or received from a source other than 
the actuator 6 by the effector 4, and the actuator 6 controls the 
application of Such energy without Substantially storing or 
transmitting it. 
0068. The actuator 6 may form, be part of or be connected 
to a handle (not shown) of the integrated anastomosis tool 2 
that is graspable by a user. Alternately, or additionally, the 
effector 4 may form, be part of or be connected to a handle 
(not shown) of the integrated anastomosis tool 2 that is grasp 
able by a user. The use of two handles may be advantageous 
where the interface member or members 8 are substantially 
flexible. At least one handle may be configured to facilitate its 
handling by a robotic end effector or other mechanism. 
0069 Effector 
(0070 Referring also to FIG. 2, the effector 4 includes a 
frame 14, and a cutter assembly 10 and a connection module 
12 that are both movable relative to the frame 14. Alternately, 
at least one of the cutter assembly 10 and the cutter deploy 
ment array 12 is substantially fixed relative to at least part of 
the frame 14, where that part of the frame 14 may or may not 
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be movable relative to a remainder of the frame 14. The cutter 
assembly 10 creates an opening in the wall of a target vessel, 
and the connection module 12 connects a graft vessel to the 
target vessel. Such as by deploying one or more connectors 
90. 
(0071 Cutter Assembly 
0072 Referring also to FIGS. 3-4, the effector 4 includes 
a cutter assembly 10. The cutter assembly 10 includes a cutter 
member 18, and a holder 20 with abore 22 defined therein that 
receives at least a portion of the cutter member 18. The bore 
22 may extend partly into or completely through the holder 
20. The cutter member 18 includes a cutter transport 28 con 
nected to a cutter 24, where the cutter 20 is distal to the cutter 
transport 28. The cutter 24 may be fixed to an auger 30, either 
of which may be configured as described in U.S. patent appli 
cation Ser. No. 10/054745 or U.S. patent application Ser. No. 
10/659,057, both of which are incorporated by reference 
herein in their entirety. 
0073. The cutter 24 is constructed from a metal, such as 
stainless steel, but a different material may be used if desired. 
The cutter 24 may be constructed from biocompatible mate 
rial, if desired. As one example, the cutter 24 is a hollow 
tubular structure with an open distal end. The distal end of the 
cutter 24 has a Substantially circular shape, and the cutter 24 
has a Substantially circular cross-section along its length. 
However, at least part of the cutter 24 may take another shape, 
have a different cross section, or vary in cross sectional perim 
eter or area along its length. For example, the cutter 24 may 
take the shape of a tube having an open slit along its length. 
That is, the cutter 24 may form the majority of a cylindrical 
surface, where the cutter 24 extends along, for example, 350° 
of the complete 360° perimeter of the cylinder. Alternately, 
the distal end of the cutter 24 may be angled relative to its 
longitudinal axis, if desired. That is, the distalend of the cutter 
24 may be coincident with a plane angled relative to the 
longitudinal axis of the cutter 24. 
0074 The proximal end of the cutter 24 has a larger diam 
eter than the cutter transport 28, such that a shoulder 43 results 
from that difference in diameter. The shoulder 43 may be 
circumferential. Alternately, the shoulder 43 may include one 
or more separate segments. Alternately, the cutter 24 has the 
same diameter or a smaller diameter than the cutter transport 
28, and the shoulder 43 is at least one stub or other structure 
that extends outward further than the outer surface of the 
cutter transport 28 adjacent to the cutter 24. 
0075. The distalend of the cutter 24 is sharpened to cut the 
wall of a tubular vessel, such as the aorta or other blood 
vessel. For example, the distal end of the cutter 24 may be 
beveled for sharpness. The distal end of the cutter 24 may be 
beveled inward, such that an inner surface 32 of the cutter 24 
contacts a vessel wall before an outer surface 34 of the cutter 
24, or beveled outward, such that the inner surface 32 contacts 
a vessel wall after the outer surface 34. Alternately, the distal 
end of the cutter 24 may be beveled both inward and outward, 
Such that a sharp edge is provided at a location between the 
inner surface 32 and outer surface 34 of the cutter 24. Alter 
nately, less than the entire circumference of the distal end of 
the cutter 24 is sharpened. Alternately, the distal end of the 
cutter 24 is at least partially serrated. 
0076. The inner surface 32 may be substantially smooth. 
Alternately, at least a portion of the inner surface 32 may be 
rough to facilitate capture of tissue removed from the wall of 
a target vessel by increasing the coefficient of friction 
between the inner surface 32 and captured tissue. Alternately, 
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the inner Surface 32 may include one or more tissue plug 
capture features (not shown) defined therein to facilitate cap 
ture of tissue removed from the wall of a target vessel. The 
outer surface 34 of the cutter 24 may be substantially smooth 
as well. 

0077. The cutter 24 is connected to an auger 30, which 
may be constructed from the same biocompatible metal as the 
cutter 24 or from a different biocompatible material. The 
auger 30 may be substantially coaxial with the cutter 24. The 
auger 30 may be connected to the cutter 24 indirectly via the 
cutter transport 28. That is, the auger 30 may be connected to 
or formed integrally with the cutter transport 28, which in turn 
is connected to the cutter 24. The auger 30 is fixed relative to 
the cutter 24, such that the auger 30 and cutter 24 both trans 
late and rotate together at the same rates. Alternately, the 
auger 30 is translationally fixed relative to the cutter 24 such 
that the auger 30 and cutter 24 translate at the same rate, but 
is at least partially free to rotate relative to the cutter 24. For 
example, the auger 30 may include a circumferential flange 
(not shown) held within a corresponding groove (not shown) 
in the cutter 24. The flange can rotate within the groove, and 
contact between the flange and the groove causes the auger 30 
and cutter 24 to translate together. In Such an embodiment, the 
auger 30 and the cutter 24 are fixed axially, but independent 
rotationally. Other mechanisms or structures may be used to 
allow the auger 30 and the cutter 24 to translate together 
axially while having the capability of rotating at least partially 
independently. 
0078. The auger 30 includes a spike 36 at its distalend, and 
a shaft 38 extending proximally from the spike 36. The distal 
end of the spike 36 extends distally to the distal end of the 
cutter 24. The shaft 38 is substantially cylindrical. Alter 
nately, the shaft 38 may be shaped differently. The distal end 
of the spike 36 is sharp to allow it to readily penetrate tissue. 
For example, the spike 36 may be tapered from its proximal 
end toward its distal end, and may be substantially axisym 
metric. The proximal end of the spike 36 may be wider than 
the shaft38, such that a ledge 40 is formed at the proximal end 
of the spike 36. Further, the spike 36 may be positioned 
relative to the cutter 24 and is shaped such that the ledge 40 is 
distal to the distal end of the cutter 24. Alternately, the ledge 
40 is positioned proximal to the distal end of the cutter 24. 
(0079. The auger 30 may be configured differently, if 
desired. As one example, the auger 30 may be threaded, with 
a sharp distal end to facilitate its entry into the wall of a target 
vessel. Such an auger 30 may be tapered as well. Alternately, 
the auger 30 may be a needle that is solid or at least partially 
hollow. As an example, the needle may be simply a length of 
hypotube. As another example, the needle is a thin Solid rod. 
The needle may be pointed or sharpened at its distal end. 
However, the needle may have a diameter Small enough that 
its distal end is sharp enough to readily penetrated tissue as a 
consequence of its size. Alternately, the auger 30 is a barb, 
harpoon, lance, corkscrew or other Suitable symmetrical or 
non-symmetrical structure. Alternately, more than one auger 
30 is utilized, or the auger 30 includes a number of individual 
components. For example, a number of augers 30 may be 
clustered together in proximity to the longitudinal axis of the 
cutter 24. Alternately, the auger 30 may be omitted altogether. 
0080. The cutter 24 may be attached to the cutter transport 
28 and/or the auger 30 by dimpling the cutter 24 against the 
cutter transport 28 in one or more locations. The cutter trans 
port 28 may have a groove (not shown) defined at least par 
tially circumferentially around it. Each dimple 42 is formed 
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by pressing the cutter 24 inward toward the groove, causing 
that location on the cutter 24 to deform into a dimple 42. The 
dimple 42 expands into a portion of the groove, trapping at 
least part of the dimple 42 therein. The cutter 24 thus is fixed 
relative to the auger 30, such that they rotate and translate 
together. The auger 30 may be connected to the cutter 24 
using any other or additional Suitable mechanism, structure or 
method. For example, the auger 30 and the cutter 24 may be 
molded or otherwise formed together as a single piece. As 
another example, the auger 30 and the cutter 24 may be fixed 
together by adhesive. As another example, the auger 30 and 
the cutter 24 may be fixed together by welding, or may be 
pinned or screwed together. 
I0081 Referring also to FIGS. 4-5, a centerpiece 56 may 
extend distally from the cutter transport 28. The centerpiece 
56 may be formed into the cutter transport 28 as an integral 
component thereof, or may be a separate piece that is con 
nected to the cutter transport 28 in any Suitable manner. Such 
as by welding, soldering, or adhesive. The cutter 24 may be 
connected to the centerpiece 56, and may be connected to the 
cutter transport 28 indirectly via the centerpiece 56. 
0082. At least one cutter vent 44 may be defined in the 
cutter 24, providing a pathway for fluid such as air or blood to 
escape from the cutter 24 when the cutter 24 and auger 30 are 
deployed into the target vessel. Thus, the cutter vent or vents 
44 prevent fluid from becoming trapped within the cutter 24, 
because the pressure of that trapped fluid otherwise could 
potentially prevent the cutter 24 from penetrating the vessel 
wall or other anatomical structure. The cutter vent or vents 44 
are defined in the cutter 24 at or proximal to the proximal end 
of the cutter 24. Alternately, the cutter vent or vents 44 are 
located at the proximal end of the cutter 24, at its connection 
to the cutter transport 28. Each cutter vent 44 may be shaped 
in any appropriate manner. For example, a cutter vent 44 in 
the cutter 24 may be substantially straight, extending longi 
tudinally, transversely or diagonally, or may be curved and 
extend at least partially in the longitudinal direction; for 
example, it may be helical or sinusoidal. 
0083. The cutter transport 28 may be any structure or 
mechanism suitable for advancing the cutter 24. As one 
example, the cutter transport 28 is a rod or other member that 
is at least partially threaded with a number of threads 48. The 
crests of the threads 48 may be flat, rounded, angled or shaped 
in any other appropriate manner. Referring also to FIG. 5, a 
transmission member Such as a cutter cable 46 is wound along 
at least some of the threads 48 of the cutter transport 28. The 
difference between the major diameter and the minor diam 
eter of the threaded area of the cutter transport 28 may be at 
least twice the diameter of the cutter cable 46. In this way, the 
cutter cable 46 is held within the threads 48 and does not 
extend outward further than the crests of the threads 48. 
Alternately, the cutter cable 46 does extend outward further 
than the crests of the threads 48; for example, where the cutter 
cable 46 is wound around threads 48 of the cutter transport 28 
proximal to the holder 20. An end of the cutter cable 46 may 
be fixed to the cutter transport 28 in any suitable manner. The 
anchor feature 50 may be located proximal to the threaded 
area of the cutter transport 28. As one example, the anchor 
feature 50 is a hole or passage extending into or through the 
cutter transport 28. An end of the cutter cable 46 is inserted 
into that anchor feature 50, then welded, fastened, clipped, 
tied or otherwise fixed to the anchor feature 50. As another 
example, the anchor feature 50 is a slot at the proximal end of 
the cutter transport 28 to which an end of the cutter 46 is 
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connected. Alternately, the anchor feature 50 receives the 
cutter cable 46 and allows the end of the cutter cable 46 to 
move relative to the cutter transport 28. Alternately, the 
anchor feature 50 is located in or distal to the threaded area of 
the cutter transport 28. Any Suitable structure, mechanism or 
method may be used to connect the cutter cable 46 to the 
cutter transport 28 either directly or indirectly. The cutter 
transport 28 may include a bore 49 or other feature to receive 
the centerpiece 56 of the cutter 24. 
I0084. The cutter transport 28 is received in the bore 22 of 
the holder 20. The bore 22 may be created in the holder 20 in 
any suitable manner, such as by molding it into the holder 20 
or machining it through the holder 20. The bore 22 may be 
Substantially smooth-walled, with a diameter slightly greater 
than the major diameter of the threaded area of the cutter 
transport 28. The fit between the major diameter of the 
threaded area of the cutter transport 28 and the bore 22 is 
selected to permit the cutter transport 28 to rotate smoothly 
within the bore 22 substantially without binding. The diam 
eter of the bore 22 and its length are also selected to reduce or 
eliminate precession of the cutter transport 28 and cutter 24 
during operation of the cutter assembly 10. Alternately, the 
bore 22 is threaded. Where the cutter cable 46 does not enter 
the bore 22, the threads of the bore 22 and the threads 48 of the 
cutter transport 28 may be closely matched to one another. 
Alternately, if the cutter cable 46 enters the bore 22, the crests 
of the threads of the bore 22, and the depth of the roots of the 
threads 48 of the cutter transport 28, are sized such that 
adequate space exists between them to accommodate the 
cutter cable 46 on the cutter transport 28. 
I0085. Referring also to FIG.3A, a tooth 29 may be located 
in or at the edge of the bore 22. The tooth 29 is sized to engage 
the threads 48 of the cutter transport 28 to provide stability to 
the cutter transport 28 and substantially prevent axial slide of 
the cutter transport 28 during its actuation, without Substan 
tially impeding motion of the cutter transport 28. 
I0086. The cutter cable 46 is wound around at least a por 
tion of the cutter transport 28 proximal to the holder 20, and 
remains proximal to the holder 20 and outside of the bore 22 
during actuation. Optionally, a cable passage (not shown) 
extends outward from the bore 22 of the holder 20 to an outer 
surface of the holder 20. Where the cable passage is used, the 
cutter cable 46 is wound around at least a portion of the cutter 
transport 28 that is positioned within the bore 22. The cable 
passage is sized and shaped to receive the cutter cable 46 
therethrough. The cable passage has a Surface finish along its 
interior and at each end such that the cutter cable 46 can move 
smoothly through it when the cutter assembly 10 is actuated, 
as described in greater detail below. The cable passage is 
Substantially straight, and may be oriented Substantially tan 
gent to the surface of the cutter transport 28, or in a different 
direction relative to the cutter transport 28. Further, the cable 
passage may be oriented Such that its axis, extended outward, 
intersects the cutter transport 28 at a location between its 
major diameter and its minor diameter, to facilitate the 
smooth unwinding of the cutter cable 46 from the cutter 
transport 28. Alternately, the cable passage is curved, at least 
in part. Alternately, the cable passage is oriented differently. 
I0087. The holder 20 may include at least one projection 66 
extending therefrom. Advantageously, two or more projec 
tions 66 extend laterally from each side of the holder 20 to 
provide added stability. The projection or projections 66 may 
be flanges, pins or any other Suitable structures that are inte 
gral with or that are attached to the holder 20. The projection 
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or projections 66 may extend Substantially perpendicular to 
the longitudinal axis of the cutter member 18. Alternately, the 
projection or projections 66 may extend at a different angle 
relative to the longitudinal centerline of the cutter member 18. 
The projection or projections 66 may extend from the base of 
the holder 20 or from any other portion of the holder 20. 
0088 Alternately, instead of a cutter 24 and auger 30, a 
knife (not shown) or other structure or mechanism can be 
provided. The knife or other mechanism may be configured to 
create a linear, rather than curved, opening in the target vessel. 
For example, the knife may be movable in a direction sub 
stantially parallel to the longitudinal centerline of the target 
vessel in order to create a Substantially linear incision therein. 
Where the knife or other mechanism is configured to create a 
linear incision, the cutter transport 28 may be configured to 
move the knife or other mechanism in a linear rather than 
rotational manner. 

0089 Frame 
0090 Referring also to FIG. 2, the frame 14 includes one 
or more first grooves 68 defined therein. The frame 14 may be 
formed of any Suitable material. Such as polycarbonate or 
stainless steel, and the groove or first grooves 68 may be 
formed in any suitable manner, such as by molding or 
machining. Each first groove 68 is configured to receive at 
least one projection 66 and guide the motion thereof. The 
groove or first grooves 68 form a path along which the pro 
jections 66, and thus the holder 20 and the cutter assembly 10, 
can travel, and that path may extend in any direction or 
combination of directions that allows for motion of the cutter 
assembly 10 in a desired manner. As one example, at least one 
first groove 68 is defined in each side wall 70 of the frame, and 
the first grooves 68 guide the cutter assembly 10 proximally 
relative to its original position and away from the line defined 
by the original position of the longitudinal axis of the cutter 
member 18. Motion away from the line defined by the original 
position of the longitudinal axis of the cutter member 18 may 
be referred to as off-axis motion. In this way, the cutter 
assembly 10 is movable out of the way of the connection 
module 12 after the cutter assembly 10 creates an opening in 
the wall of the target vessel. The interaction between each 
projection 66 and the corresponding first groove 68 may also 
act to minimize or prevent motion of the cutter assembly 10 in 
the lateral or vertical directions. Alternately, the frame 14 has 
one or more rails, projections or ribs extending therefrom, and 
the holder 20 includes one or more grooves corresponding to 
those projections. Alternately, any other or additional appro 
priate structure or mechanism may be used to guide the 
motion of the cutter assembly 10 relative to the frame 14. As 
one example, the cutter assembly 10 is rotatable out of the 
way of the connection module 12 after the cutter assembly 10 
creates an opening in the wall of the target vessel. The cutter 
assembly 10 is retracted proximally to a suitable location, 
then moved off-axis by rotation. Such rotation may result 
from a passive mechanism Such as a spring, an active mecha 
nism Such as a device that engages the cutter cable 46 or other 
cable, or a combination of active and passive mechanisms. 
Where such a system is utilized, the first grooves 68 option 
ally may be omitted. 
0091. One or more clips 72 may be connected to the frame 
14, such as by screws 74. Alternately, the clip or clips 72 may 
be formed into the frame 14 or otherwise connected to the 
frame 14. Each clip 72 is shaped and positioned to hold at 
least one projection 66 of the holder 20, and substantially to 
restrain that projection 66 against longitudinal motion in the 
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proximal and/or distal direction, both before actuation of the 
cutter assembly 10 and while the cutter assembly 10 creates 
an opening in the wall of the target vessel. Each clip 72 may 
be shaped in the same manner as or in a different manner from 
any other clip 72. As one example, each clip72 is a leaf spring 
extending proximally from its connection to the frame 14, 
with an upwardly-extending stop 76 formed into its proximal 
end. The stop 76 is located proximal to the corresponding 
projection 66, and Substantially restrains the corresponding 
projection 66 and thereby the holder 20 and the cutter assem 
bly 10 against proximal motion. The clip or clips 72 are 
constructed Such that the clip or clips 72, taken together, resist 
an amount of force in the proximal direction that is greater 
than the amount exerted on the cutter assembly 10 during 
forward travel of the cutter member 18 and less than the 
amount exerted on the cutter assembly 10 by the cutter cable 
46 after the forward travel of the cutter member 18 is com 
plete. In this way, the clip or clips 72 allow motion of the 
cutter cable 46 to move the cutter member 18 distally, rather 
than move the cutter assembly 10 as a whole proximally, and 
thereby allow the cutter assembly 10 to create an opening in 
the target vessel. Actuation of the cutter assembly 10 and the 
forces acting upon the cutter assembly 10 are described in 
greater detail below. 
0092. At least one bracket 78 may be connected to the 
frame 14 in any suitable manner, or formed into the frame 14. 
Each bracket 78 is positioned in proximity to a corresponding 
clip 72. Alternately, at least one bracket 78 is not associated 
with a clip 72, or is spaced apart from a corresponding clip 72. 
Each bracket 78 includes an indentation 80 defined therein, 
where that indentation 80 is located distal to the stop 76 of the 
corresponding clip 72. The indentation 80 may be positioned 
relative to the corresponding stop 76 Such that the distance 
between the distal surface of the stop 76 and the most-distal 
portion of the indentation 80 is substantially equal to or 
slightly greater than the length of the projection 66 held 
therebetween. In this way, the projection 66 is held securely. 
Contact between each bracket 78 and one or more corre 
sponding projections 66 substantially restrains distal motion 
of the holder 20 during actuation of the cutter assembly 10. In 
combination with the corresponding stop or stops 76, the 
bracket or brackets 78 restrain the holder 20 substantially in 
place in the longitudinal direction during actuation of the 
cutter assembly 10. Further, contact between the projection or 
projections 66 and the corresponding groove or first grooves 
68 restrains the holder 20 substantially in place in the lateral 
and vertical directions. For convenience, the term “vertical 
refers to the direction that is substantially perpendicular to 
both the longitudinal direction and to the lateral direction, and 
is independent of the orientation of the integrated anastomo 
sis tool 2 relative to a patient or to an operating room. In 
addition, contact between the sides of the holder 20 and the 
inner surface 82 of each side wall 70 of the frame 14 also may 
restrain the holder 20 substantially in place in the lateral 
direction. Thus, the holder 20 is substantially restrained in all 
three dimensions as the cutter member 18 is actuated to create 
an opening in the target vessel. Such restraint allows the cutter 
assembly 10 to produce an opening of the desired quality in 
and in a desired location on the target vessel. Alternately, the 
holder 20 may be free to move at least partially in at least one 
direction during actuation of the cutter assembly 10. 
0093. As used in this document, the term “impulse' means 
a force that acts on a body for a short time but produces a large 
change in its linear orangular momentum. The cutter assem 
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bly 10 is configured to be actuated impulsively. That is, an 
impulse is applied to the cutter assembly 10 to cause it to 
make an opening in the target vessel and to move off-axis out 
of the way of the connection module 12. Alternately, the 
cutter assembly 10 is configured to be actuated non-impul 
sively. Further detail regarding the impulsive actuation of the 
cutter assembly 10 is provided below. 
0094) 
0.095 The effector 4 includes a connection module 12, 
which may be any mechanism that is configured to connect a 
graft vessel to a target vessel. As one example, the connection 
module 12 may deploy one or more staples, clips, connectors 
or other mechanisms to connect the graft vessel to the target 
vessel. As another example, the connection module 12 may be 
configured to Suture the graft vessel to the target vessel. Such 
as by moving one or more needles that are connected to Suture 
in order to Suture the vessels together. As another example, 
the connection module 12 may be configured to adhere the 
graft vessel to the target vessel. Such as by placing adhesive 
Such as fibrin glue therebetween. As another example, the 
connection module 12 may be configured to apply RF energy 
to the graft vessel and/or the target vessel to connect the two 
together. The connection module 12 may be configured in any 
other Suitable manner for connecting the graft vessel to the 
target vessel. 
0096. Referring to FIG. 2 and to FIGS. 6-7, an exemplary 
connection module 12 connects an end of a graft vessel to the 
side of a target vessel by deploying a plurality of connectors 
90. The connectors 90 may be substantially the same as one 
another, or one or more connectors 90 may be configured 
differently than one or more of the others. The connectors 90 
may be staples, clips or other structures or mechanisms con 
figured to connect tissue of the graft vessel to tissue of the 
target vessel. In one embodiment, at least one of the connec 
tors 90 is a staple 90. Referring to FIG. 8, an exemplary staple 
90 includes a first tine.92 and a second tine 94, each connected 
to a base 96. The proximal end of each tine 92.94 is connected 
to the base 96. Alternately, a different part of the first tine 92 
and/or the second tine 94 is connected to the base. The tines 
92, 94 are substantially parallel to one another. Alternately, 
the times 92.94 are oriented differently relative to one another. 
The first tine 92 is shorter than the second tine 94. Alternately, 
the first tine 92 is the same length as or longer than the second 
tine 94. Each tine 92.94 may have a sharp point at its distal 
end. Alternately, at least one of the tines 92.94 may not be 
sharp at its distal end, instead relying on its diameter being 
small enough to pierce tissue. The base 96 of the staple 90 
may be stepped, where a first step 98 is substantially parallel 
to and distal to a second step 100. Alternately, the steps 98. 
100 or oriented differently relative to one another. The steps 
98, 100 are connected at a transition 102 that may be curved, 
angled or otherwise configured. The first step 98 is connected 
to the first tine 92, and the second step 100 is connected to the 
second tine 94. Before deployment of the staple 90, each step 
98, 100 may be substantially perpendicular to the correspond 
ing tine 92.94 to which it is attached; however, at least one 
step 98, 100 may be oriented differently. The base 96 and the 
tines 92,94 are positioned relative to one another such that the 
staple 90 is substantially bilaterally symmetrical about an 
imaginary plane that extends through the base 96 and the tines 
92, 94. Alternately, the base 96 and the tines 92, 94 are 
positioned differently relative to one another. Alternately, the 
staple 90 is configured differently, and may include additional 
tines, tines that are shaped differently, a base that is shaped 
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differently, and/or other properties different from the exem 
plary staple 90 described above. 
0097 Advantageously, the staple 90 is a wire staple 
formed from a single wire, such that the staple 90 is integral. 
However, the staple 90 may be made from a single piece of 
material having a different form, Such as a sheet of metal. 
Alternately, the staple 90 is formed from two or more separate 
components that are connected together in any suitable mat 
ter. The staple 90 is metallic, and advantageously is made 
from stainless steel. Alternately, the staple 90 may be made 
from nickel-titanium alloy or other metal. Alternately, the 
staple 90 is made from a nonmetallic material. Alternately, the 
staple 90 includes a non-metallic coating over a metallic or 
nonmetallic core or Substrate. Alternately, a therapeutic 
amount of at least one Substance is associated with the Surface 
of the staple 90. The staples 90 are oriented in the connection 
module 12 such that their tines 92, 94 extend substantially 
distally. The staples 90 may be spaced substantially radially 
symmetrically relative to the connection module 12. Alter 
nately, the staples 90 are oriented differently relative to the 
connection module 12. 

(0098 Referring to FIGS. 6-7 and 9, the connection mod 
ule 12 includes at least one anvil plate 104. Each anvil plate 
104 Supports one or more staples 90. Each anvil plate 104 
includes at least one aperture 106 defined therein, and at least 
one anvil 108 that extends into a corresponding aperture 106. 
Alternately, at least one anvil 108 may be positioned at a 
different location on the anvil plate 104. Each anvil 108 may 
be characterized as an external anvil, because it is positioned 
outside of the tissue to be stapled. Referring also to FIG. 8, the 
anvil plate 104 may be configured to move between a first 
position in which it supports at least one staple 90 and a 
second position in which it frees at least one staple 90. In the 
first position, each anvil 108 is located distal to and substan 
tially in contact with the first step 98 of a corresponding staple 
90. The connection module includes a proximal surface (not 
shown) located proximal to the first step 98 of each staple 90. 
such that the first step 98 of each staple 90 is held between the 
proximal surface and the anvil 108. In the second position, 
each anvil 108 is no longer located distal to or in contact with 
the first step 98 of the corresponding staple 90. Thus, in the 
second position the anvil plate 104 has freed the correspond 
ing staple 90 to exit the connection module 12. 
0099. The anvil plate 104 may move from the first position 
to the second position by rotation, where that rotation is 
provided by any suitable mechanism. The anvil plate 104 may 
be actively rotated such as by a shaft or other mechanism. 
Alternately, the anvil plate 104 may be passively rotated such 
as by a spring. For example, the spring may bias the anvil plate 
104 in a particular direction of rotation, where a structure or 
mechanism restrains the anvil plate 104 against motion in that 
direction of rotation until after the staple or staples 90 have 
been formed. Each anvil plate 104 may include at least one 
rotation aperture 110, into which a post 112 extends from the 
connection module. Each rotation aperture 110 acts to limit 
the rotation of the corresponding anvil plate 104, because 
contact between each post 112 and an end of the correspond 
ing rotation aperture 110 stops the rotational motion of the 
anvil plate 104. Alternately, at least one anvil plate 104 is 
movable between the first position and the second position in 
a motion other than rotation. At least one post 112 may 
include a head having a diameter larger than the remainder of 
the post 112, in order to prevent the anvil plate 104 from 
moving Substantially distally. 
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0100 Referring to FIGS. 2 and 6-7, the connection mod 
ule 12 may include a first segment 114 and a second segment 
116 movable relative to one another. Alternately, the connec 
tion module 12 includes three or more members relative to 
one another, the connection module 12 is not limited to hav 
ing two segments 114, 116. Each segment 114 segment 114, 
116 includes at least one anvil plate 104 at or near its distal 
end, and one or more connectors 90, and is configured to 
deploy those connectors 90. Alternately, at least one segment 
114 segment 114,116 does not include an anvil plate 104. The 
segments 114, 116 may be configured similarly, symmetri 
cally or identically to one another for ease of manufacture 
and/or assembly. Alternately, the connection module 12 is a 
unitary structure that does not includes separate segments 
114, 116. 
0101 The segments 114, 116 may be movable relative to 
one another in any suitable manner. For example, an axle 118 
may connect the segments 114, 116 to one another, and at 
least one of the segments 114, 116 may be rotatable about the 
axle 118. The axle 118 is oriented substantially transverse to 
the longitudinal axis of the connection module 12, Such as at 
an angle Substantially perpendicular to that longitudinal axis 
or at a different angle relative to that longitudinal axis. Alter 
nately, the axle 118 may be oriented differently relative to the 
longitudinal axis of the connection module 12. As another 
example, one or more hinges may be substituted for the axle 
118 in order to allow relative rotation of the segments 114, 
116. As another example, a living hinge connects the seg 
ments 114, 116. As another example, the segments 114, 116 
may be slidable relative to one another. As another example, 
the segments 114,116 are connected by one or more frangible 
elements, where application of force to at least one segment 
114 segment 114, 116 causes at least one of the frangible 
elements to break and thereby allows the segments 114, 116 
to move relative to one another. As another example, the 
segments 114, 116 may be connected by one or more 
mechanical linkages. 
0102 The segments 114, 116 are movable from a closed 
position to an open position. Referring also to FIGS. 7 and 11, 
the connection module 12 may be configured to allow side 
loading of a graft vessel 120 into the connection module 12. 
That is, the connection module 12 may be configured to allow 
one end of the graft vessel 120 to extend out of the connection 
module 12 at a location lateral to the longitudinal centerline of 
the connection module 12, rather than through the proximal 
end of the connection module 12. As one example, at least 
part of the first segment 114 is spaced apart from part of the 
second segment 116 when the connection module 12 is in the 
closed position in order to form the passage 122 in a side of 
the connection module 12. Alternately, the connection mod 
ule 12 is not configured to allow side loading of a graft vessel 
120. Each segment 114 segment 114, 116 may include a 
depression 124 at and/or near its distal end. The depressions 
124 may be substantially semicircular in cross section, or may 
be shaped in a different manner. The depressions 124 may be 
Substantially linear and coaxial with the longitudinal center 
line of the connection module 12. Alternately, the depressions 
124 may be nonlinear and/or oriented other than coaxially 
with the longitudinal centerline of the connection module 12. 
When the connection mechanism 12 is in the closed position, 
the depressions 124 in the segments 114,116 are substantially 
aligned with one another to form a channel 125 for receiving 
at least a portion of the graft vessel 120. The distal end of each 
depression 124 may coincide with the distal end of the con 
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nection module 12, such that the distalends of the depressions 
124 collectively form an aperture 126 at the distal end of the 
connection module 12. 

0103) Each segment 114 segment 114, 116 includes at 
least one driver 128. Each driver 128 is movable relative to the 
corresponding segment 114 segment 114, 116 from a first 
position to a second position, such as by sliding, or by any 
other suitable manner. Each driver 128 occupies the first 
position before deploying one or more corresponding con 
nectors 90, and occupies the second position after deploying 
one or more corresponding connectors 90. The motion of 
each driver 128 between the first position and the second 
position deploys at least one corresponding connector 90, as 
described in greater detail below. The distal end of at least one 
driver 128 is the end that contacts one or more corresponding 
connectors 16, and that distal end is contoured to facilitate 
deployment of those one or more connectors 16. Each driver 
128 may be shaped in any Suitable manner. As one example, 
at least one driver 128 may be an elongated member with a 
Substantially planar proximal end oriented perpendicular to 
the longitudinal axis of the driver. A plunger (not shown) may 
be positioned between at least one driver 128 and a corre 
sponding one or more connectors 90, such that the driver 128 
urges the plunger distally, and in turn the plunger contacts at 
least one connector 90. 

0104 Referring to FIGS. 2 and 6-7, the connection mod 
ule 12 may be biased to the open position, Such as by at least 
one spring 130 located at the proximal end of the connection 
module 12 and connected to both of the segments 114, 116. 
Where the connection module 12 is biased to the open posi 
tion, at least one holding member 132 releasably holds the 
segments 114, 116 in the closed position. As one example, at 
least one holding member 132 is a leaf spring extending from 
one of the segments 114, 116 that includes a catch 134 ori 
ented to engage a depression 136 or other feature on the other 
segment 114, 116. The leaf spring 132 is biased at least 
partially toward the longitudinal axis connection module 12 
with sufficient force to hold the catch 134 in the correspond 
ing depression 136 such that the connection module 12 is held 
in the closed position. Alternately, the connection module 12 
is biased to the closed position, and a different structure or 
mechanism is provided to move the connection module 12 to 
the open position after it connects the graft vessel to the target 
vessel. Alternately, the connection module 12 is not biased to 
the open position or to the closed position. 
0105. At least one holding member 132 may include an 
engagement element 138 extending from it. As one example, 
the engagement element 138 is positioned at the distal end of 
the corresponding holding member 132, and extends at least 
partly in a direction outward from the connection module 12. 
The frame 14 may be connected to or include at least one stub 
140 positioned at or near its distal end, or at a different 
Suitable location. At least one engagement element 138 is 
pressed into contact with a corresponding stub 140 during the 
deployment process. This contact, when performed with Suf 
ficient force, overcomes the bias of the holding member 132 
and moves the holding member 132 outward, thereby moving 
the catch 134 out of the corresponding depression 136. After 
the catch 134 has been disengaged from the corresponding 
depression 136, the connection module 12 can move to the 
open position, such as under the influence of the spring 130. 
One or more different or additional structures and/or mecha 
nisms may be provided to provide for the motion of the 
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connection module 12 from the closed position to the open 
position at the appropriate time in the deployment process. 
0106. At least one projection 142 extends from the con 
nection module 12. Advantageously, two or more projections 
142 extend laterally from each side of the connection module 
12 to provide added stability. The projection or projections 
142 may be flanges, pins or any other Suitable structures. The 
projection or projections 142 may extend Substantially per 
pendicular to the longitudinal axis of the connection module 
12. Alternately, the projection or projections 142 may extend 
at a different angle relative to the longitudinal axis of the 
connection module 12. 

0107 The frame 14 includes one or more second grooves 
144 defined therein in any suitable manner, such as by mold 
ing or machining. The second groove or grooves 144 may 
extend on the frame 14 at least partially in a different direction 
than the first grooves 68. Each second groove 144 is config 
ured to receive, and guide the motion of at least one projec 
tion 142. The second groove or grooves 144 form apath along 
which the projections 142, and thus the connection module 
12, travel. Thus, the second groove or grooves 144 may 
extend along any path or paths that allow for motion of the 
connection module 12 in a desired manner. As one example, 
at least one second groove 144 is defined in each side wall 70 
of the frame, and the second groove or grooves 144 guide the 
connection module 12 substantially distally in the direction 
defined by the original position of the longitudinal axis of the 
connection module 12. The interaction between each projec 
tion 142 and the corresponding second groove 144 may also 
act to minimize or prevent motion of the connection module 
12 in the lateral or vertical directions. Alternately, the con 
nection module 12 includes one or more grooves correspond 
ing to those projections, and the frame 14 has one or more 
rails, projections or ribs extending therefrom. Alternately, any 
other or additional appropriate structure or mechanism may 
be used to guide the motion of the connection module 12. 
0108 Optionally, the second groove or grooves 144 may 
also be used as cable guides. The traveler cable 154 may 
extendalong at least part of the second groove or grooves 144, 
and may be held in the second groove or grooves 144 by a 
screw, clip or other mechanism at or near the distal end of the 
frame 14. Alternately, a separate cable guide may be formed 
in or connected to the frame 14. 

0109 Referring to FIGS. 2 and 10, a traveler 146 may be 
located proximal to the connection module 12. The traveler 
146 acts to impel the connection module 12 distally during the 
actuation of the integrated anastomosis tool 2. The traveler 
146 includes a plate 148 that may be sized, shaped and con 
figured in any manner that allows distal motion of the plate 
148 to impel the connection module 12 distally. For example, 
the plate 148 may directly contact the connection module 12, 
such that force applied to the plate 148 in a distal direction 
impels the connection module 12 distally. At least one leg 150 
may extend from the plate 148, such as in the distal direction. 
At least one leg 150 may extend into, or include a projection 
that extends into, one of the second grooves 144. Such that the 
traveler 146 follows the same path as the connection module 
12 relative to the frame 14. Alternately, at least one leg 150 
extends into, or includes a projection that extends into, a 
groove other than one of the second grooves 144. Alternately, 
the frame 14 has one or more projections or ribs extending 
therefrom, and the traveler 146 includes one or more grooves 
corresponding to those projections. Alternately, any other or 
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additional appropriate structure or mechanism may be used to 
guide the motion of the traveler 146. 
0110. The traveler 146 includes a channel 152 defined 
therein. The channel 152 may be entirely within the body of 
the traveler 146, or may be defined entirely or partially on the 
surface of the traveler 146. The channel 152 is sized and 
finished to allow a transmission member Such as a traveler 
cable 154 to pass through it. The traveler cable 154 is not fixed 
to the traveler 146. Rather, the traveler cable 154 enters one 
end of the channel 152 and extends completely through the 
channel 152 to exit the other end of the channel 152. The 
traveler cable 154 is thus free to slide relative to the channel 
152. Alternately, the traveler cable 154 or other transmission 
member is fixed to the traveler 146. A second traveler cable 
155 may be attached to the proximal end of the traveler 146 or 
other part of the traveler 146 in any appropriate manner. 
0111. At least one end of the traveler cable 154 extends to 
the actuator 6. The traveler cable 154 is connected to the 
actuator 6 such that the application of tension to the traveler 
cable 154 causes the traveler 146 to move distally and cause 
the connection module 12 to move distally and deploy con 
nectors to connect the graft vessel to the target vessel. Simi 
larly, at least one end of the cutter cable 46 extends to the 
actuator 6. The cutter cable 46 may be connected to the 
actuator 6 Such that the application of tension to the cutter 
cable 46 causes the cutter assembly 10 to move distally, create 
an opening in the wall of the target vessel, and move out of the 
way of the connection module 12. The cutter cable 46, the 
traveler cable 154 and the second traveler cable 155 are col 
lectively one example of a standard interface between the 
effector 4 and the actuator 6. That is, any actuator 6 config 
ured to apply specific forces to the cables 46, 154, 155 at 
specific times, as described below, may be utilized, regardless 
of its structural or mechanical configuration. A different or 
additional standard interface may be utilized, if desired. 
0112 Referring to FIG. 20, another embodiment of a con 
nection module 12 is configured to suture the graft vessel 120 
to the target vessel 166, rather than deploy staples 90 or clips. 
As in the previous embodiment, the connection module 12 
may include one or more projections 142 each configured to 
engage a second groove 144 in the frame 14. Also, as in the 
previous embodiment, the connection module 12 may include 
a first segment 114 and a second segment 116 movable rela 
tive to one another. Referring also to FIG.22, the distal end of 
the connection module 12 may be curved or otherwise shaped 
in a manner Suitable for contacting the outer Surface of the 
target vessel 166. 
0113. The connection module 12 includes two segments 
114, 116. Alternately, the connection module 12 includes 
three or more separate segments. Alternately, the connection 
module 12 is unitary, and includes only a single segment. At 
least one segment 114 segment 114, 116 of the connection 
module 12 may include a housing that encloses at least some 
of the components of that segment 114, 116. Referring also to 
FIG. 21, the second segment is not shown, for clarity. Unless 
otherwise indicated, the components, characteristics and 
operation of the first segment 114 described below are equally 
applicable to the second segment 116. The first segment 114 
may include a housing 180 that extends to the distal end of the 
first segment 114. The housing 180 may include a number of 
apertures 182 defined in its distal end. The housing 180 may 
also, or instead, include a number of needle apertures 184 
defined on a lateral surface thereof and/or on its distal end. 
Further, the first segment 114 may include a depression 124 
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defined therein, substantially as described with regard to the 
previous example of the connection module 12. The depres 
sions in the segments 114, 116 together form a channel 125 in 
the connection module that receives the graft vessel 120. 
0114. The first segment 114 may include a latch 186. The 
latch 186 may extend substantially laterally, or may extend in 
a different direction. The latch 186 is attached to the first 
segment 114 at one end, and may be curved, hooked, or 
otherwise shaped at its free end 188. Referring also to FIG. 
22, a notch 190 or other feature corresponding to the free end 
188 of the latch 186 is defined in or connected to the second 
segment 116. The free end 188 of the latch 186 engages the 
notch 190 to hold the two segments 114, 116 together during 
the deployment process. Alternately, the feature 190 in the 
second segment 116 is a rod or other mechanism that is 
movable or otherwise actuable relative to the free end 188 of 
the latch 186. 

0115 Referring also to FIG. 23, a number of needles 192 
are rotatably connected to the inner surface of the distalend of 
the housing 180. Alternately, the needles 192 are connected to 
an end plate or other structure or mechanism that in turn is 
connected to the inner surface of the distal end of the housing 
180, or to another or a different structure or mechanism in the 
first segment 114. Alternately, the needles 192 are connected 
to the inner surface of the distal end of the housing 180 or to 
an end plate or other structure in a way that allows for motion 
in a manner other than rotation, Such as sliding motion or 
compound motion. 
0116 Referring also to FIG. 24, each needle 192 includes 
an arcuate body 194. The arcuate body 194 may follow a 
Substantially continuous curve, or may follow a more com 
plex curvature. Alternately, the body 194 is angled in a simple 
or complex manner, rather than being arcuate. One end of the 
arcuate body 194 is connected to one end of a leg 196. The 
curvature of the arcuate body 194 may have a radius that is 
substantially equal to the length of the leg 196. Alternately, 
the curvature of the arcuate body 194 may have a radius that 
is different from the length of the leg 196. The opposite end of 
the leg 196 is connected to one end of an axle 198. The other 
end of the axle 198 is connected to a retention member 199. 
The arcuate body 194 may be substantially parallel to an 
arbitrary plane, and the leg 196 may be substantially parallel 
to that same arbitrary plane. The leg 196 may be substantially 
linear, and may be oriented in a direction toward the free end 
195 of the leg 196. Alternately, the leg 196 may be shaped 
and/or oriented in any other suitable manner. The free end 195 
of the leg 196 may be substantially blunt. Alternately, the free 
end 195 may be sharp. Alternately, the free end 195 may have 
a Suture retention feature (not shown) capable of holding the 
suture, and the needle tip 200 described below is not used. The 
axle 198 may be substantially perpendicular to the leg 196. 
Alternately, the axle 198 is oriented in a different direction 
relative to the leg 196. The axle 198 is substantially linear, 
although it may be shaped differently if desired. The retention 
member 199 is substantially L-shaped. However, the reten 
tion member 199 may be shaped differently, if desired. The 
retention member 199 is oriented such that a first part of its 
L-shaped body is substantially parallel to the leg 196, and the 
second part of its L-shaped body is Substantially parallel to 
the axle 198. However, the retention member 199 may be 
oriented differently, particularly if it does not take a substan 
tially “L” shape. Alternately, the retention member 199 may 
be omitted altogether, as described in greater detail below. 
The arcuate body 194 and/or the other components of the 
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needle 192 may be substantially rigid. The needle 192 may be 
constructed from any suitable material. Such as stainless steel. 
0117. At least one cable aperture 197 may be defined in the 
retention member 199, or other suitable component of the 
needle 192. The cable aperture 197 is sized to receive a needle 
actuation cable (not shown) or a portion of a needle actuation 
cable. For example, a needle actuation cable may extend from 
both sides of the cable aperture 197, and be fixed to the cable 
aperture 197 Such as by adhesive, crimping, welding, the use 
of one or more connectors, or any other suitable method, 
structure or mechanism. Each needle 192 may be associated 
with a separate needle actuation cable. Alternately, one or 
more needle actuation cables may be provided for each seg 
ment 114 segment 114, 116 of the connection module, and at 
least one of those cables is split to engage two or more needles 
192. For example, the needle actuation cable may include a 
number of individual Strands that are wrapped together at a 
location proximal to the needles 192, but that are unwrapped 
from one another to individually connect to the corresponding 
cable apertures 197 of the needles 192. The needle actuation 
cable or cables are physically and/or operationally connected 
to the actuator 6, which may be mechanically configured in 
any manner that provides for motion of the needle actuation 
cable or cables. Alternately, the needle actuation cable is not 
used, and a different transmission member or members con 
nects the retention member 199 of the needle 192 and/or other 
appropriate part of the needle 192 to the actuator 6. For 
example, the transmission member may be a rack and pinion 
system, a rod, a belt, a chain, a tube or other structure for 
transmitting fluid or hydraulic pressure, one or more electri 
cal wires and/or motors, or any other Suitable structure or 
mechanism or combination thereof. Where the needle actua 
tion cable is not used, the cable aperture 197 in the retention 
member 199 optionally may be omitted. 
0118 Referring also to FIG. 25, a needle tip 200 is detach 
ably connected to at least one needle 192. Advantageously, 
each needle tip 200 is detachably connected to the free end 
195 of the arcuate body 194 of the corresponding needle 192. 
The needle tip 200 may be curved with a radius of curvature 
Substantially matching the radius of curvature of the arcuate 
body 194. Alternately, the needle tip 200 may be curved 
differently, may be straight, or may be shaped in a different 
manner. Each needle tip 200 includes a spike 202, a body 204 
connected to one end of the spike 202, and a base 206 con 
nected to the opposite end of the body 204. The spike 202 may 
be substantially conical, with a tip 208 capable of penetrating 
tissue. The tip 208 may be sharp, or may be otherwise con 
figured to allow it to penetrate tissue. Alternately, the Spike 
202 is blunt rather than sharp, and/or is not configured to 
penetrate tissue. Alternately, the spike 202 may be shaped 
differently. 
0119) An aperture 210 is defined in the body 204. The 
aperture 210 may be defined completely through the body 
204, or may extend only partially into the body 204. The 
aperture 210 may have a circular cross-section, or may be 
shaped differently. The aperture 210 may have a constant 
cross-section along its length, or that cross-section may vary 
along the length of the aperture 210. Referring also to FIG. 26, 
the diameter and/or cross-section of the aperture 210 is 
selected to facilitate the connection of suture 212 to the needle 
tip 200. The suture 212 may be connected to the needle tip 200 
in any suitable manner, Such as by adhesive, by crimping, by 
Swaging, by co-molding, by passing the Suture 212 through 
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the aperture 210 and tying a knot on the opposite side, by 
welding, or by one or more separate fasteners. 
0120. The body 204 may be shaped as a curved cylinder 
having a frustum at the end closest to the spike 202, or may be 
shaped in any other suitable manner. The diameter of the 
spike 202 is greater than the diameter of the body 204 at the 
connection between the spike 202 and the body 204. Alter 
nately, where the spike 202 and/or body 204 are shaped such 
that either or both does not have a diameter, the spike 202 
extends further laterally than the body 204, at least in part, at 
the connection between the spike 202 and the body 204. The 
width of the spike 202 at the connection between the spike 
202 and the body 204 may be used to capture the needle tip 
200 and may assist in retaining graft tissue after poke 
through, as described in greater detail below. 
0121 The base 206 is configured to be detachably con 
nected to the free end 195 of the arcuate body 194 of the 
corresponding needle 192. The base 206 of the needle tip 200 
may be a curved cylinder. Alternately, the base 206 may be 
shaped in any other suitable manner. Where the needle 192 
has a lumen defined at least partially therethrough, that lumen 
extending to the free end 195 of the arcuate body 194, the 
outer diameter of the base 206 may be substantially equal to 
the inner diameter of the arcuate body 194. At least part of the 
base 206 can be placed into the lumen of the arcuate body 194 
at its free end 195, and then the free end 195 can be crimped 
to create a detachable connection therebetween. Alternately, 
the base 206 of the needle tip 200 has alumen defined therein, 
and the outer diameter of the free end 195 of the arcuate body 
194 is sized to allow entry into the lumen defined in the base 
206. In such an example, at least part of the free end 195 of the 
arcuate body 194 can be placed into the lumen of the base 206 
of the needle tip 200, and then the base 206 can be crimped to 
create a detachable connection therebetween. Alternately, the 
base 206 may be connected to the arcuate body 194 in another 
manner that results in a detachable connection therebetween. 
Alternately, the base 206 is connected to the needle 192 in any 
other suitable manner that allows for the base 206 to be 
detached from the needle 192. For example, the base 206 may 
be connected to the free end 195 of the arcuatebody 194 of the 
corresponding needle 192 by a frangible member. In such an 
example, the needle tip 200 may be fabricated as a unitary 
structure with the needle 192. As other examples, the base 206 
may be crimped or swaged to the free end 195 of the arcuate 
body 194. 
0122 Referring also to FIG. 23, each needle 192 is mov 
ably connected to the proximal surface 213 of the distalend of 
the housing 180. Alternately, at least one separate member 
(not shown) is connected to the proximal surface of the distal 
end of the housing, and each needle 192 is connected to a 
proximal Surface of at least one of the separate members. 
Each needle 192 is connected to the proximal surface 213 by 
at least one corresponding bushing 214. The bushing 214 is 
connected to the proximal surface 213, or is fabricated inte 
grally with the proximal surface 213. At least one bushing 214 
may be semicircular, with a semicircular opening 216 adja 
cent to the proximal surface 213. Alternately, the opening 216 
is fully circular, or is shaped differently. The axle 198 of each 
needle 192 extends through the corresponding opening 216 or 
is otherwise held by the corresponding bushing 214. The axle 
198 is free to rotate relative to the bushing 214, and the 
opening 216 of the bushing 214 constrains the rotation of the 
axle substantially in the desired direction. 
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(0123. The retention member 199 holds the needle 194 in 
place and retains it in the bushing 214. Optionally, the reten 
tion member 199 may be omitted, and the axle 198 may be 
retained in a different manner. For example, the end of the 
axle 198 that is not attached to the leg 196 may include or be 
connected to a structure that is larger than the opening 216 in 
the bushing 214, such that the axle 198 is retained in the 
bushing 214. Where the retention member 199 is used, the 
portion of that retention member 199 that is substantially 
parallel to the axle 198 may slide along the outer surface of the 
bushing 214 when the needle 192 rotates. This sliding contact 
between the retention member 199 additionally constrains the 
rotation of the needle 192 and enhances the stability of its 
rotation. The bushings 214 are positioned on the proximal 
surface 213 of the distal end of the housing 180 in an orien 
tation such that the free ends 195 of the needles 192 can move 
to a position in which they extend through the aperture 126 in 
the distal end of the connection module 12. 

0.124 Referring also to FIG.21, as in the previous example 
of a connection module 12, each segment 114 segment 114, 
116 includes at least one Support 217. Advantageously, each 
segment 114 segment 114,116 includes a single Support 217. 
Each support 217 may include a number of arms 218 at or 
near its distal end. The arms 218 extend substantially radially 
from the longitudinal centerline of the connection module 12. 
Alternately, the arms 218 extend in a different direction rela 
tive to the longitudinal centerline of the connection module 
12. Each arm 218 corresponds to at least one needle 192. 
Where at least one arm 218 corresponds to a single needle 
192, that arm 218 may be skewed relative to that needle 192. 
Alternately, the arm 218 is substantially aligned with the 
corresponding needle 192. Alternately, the support 217 and/ 
or the arm or arms 218 may be omitted altogether. 
0.125 Referring also to FIG. 27, each segment 114 seg 
ment 114, 116 includes a grate 220. The grate 220 may be 
connected to the distal end of a slider 222. Alternately, the 
grate 220 may be connected to a different part of the slider 
222, or to a different mechanism or structure. The grate 220 is 
a structure or mechanism that is configured to capture at least 
one of the needle tips 200. For example, the grate 220 may be 
a thin piece of material that includes at least one aperture 224 
defined therein to capture at least one corresponding spike 
202. The width of each aperture 224 is less than the widest 
part of at least one corresponding spike 202. The grate 220 
may be shaped in any suitable manner. As one example, at 
least one grate 220 is curved. As another example, at least one 
grate 220 forms part of an annulus, and may be described as 
semi-annular. The grate 220 may be configured in any other 
Suitable manner, and may be any other Suitable structure or 
mechanism. As one example, the grate 220 may be a ring 
composed at least in part of plastic material. Such as polypro 
pylene. The apertures 224 may be omitted from Such a grate 
220. The needle tips 200 push into the grate 220 and are held 
securely by the plastic material. As another example, the grate 
220 may be fabricated at least in part from a gel or gel-like 
material. Such as silicone. The apertures 224 may be omitted 
from such a grate 220. The needle tips 200 push into the grate 
220 and are held securely by the gel or gel-like material. As 
another example, the grate 200 is fabricated at least in part 
from fabric which may or may not be impregnated or other 
wise associated with a clotting agent. The apertures 224 may 
be omitted from such a grate 220. The needle tips 200 push 
into and/or through the fabric and are held in place by the 
fabric. The fabric may be coarsely woven from any suitable 



US 2013/0289584 A1 

fiber or materials; for example, the fabric may be fabricated 
from cotton, polyester or metallic fibers, or any combination 
thereof. If the fabric is coarsely woven, the needle tips 200 
may be able to pass through the mesh formed by the weave, 
but unable to pass back through the mesh as a result of 
interference between the base of the spike 202 and the fabric 
of the grate 220. As another example, the grate 220 may 
include adhesive on at least one surface of a ring or other 
structure suitable for carrying the adhesive. Theapertures 224 
may be omitted from such a grate 220. The needle tips 200 
contact the adhesive and are held securely by the adhesive. 
Alternately, any other structure or mechanism may be used 
instead of or in addition to the grate 200 to capture one or 
more of the needle tips 200. 
0126 The slider 222 is a structure connected to and posi 
tioned proximal to the grate 220. The slider 222 may be 
shaped in any suitable manner. The slider 222 is actuable to 
translate proximally after the grate 220 has captured at least 
one needle tip 200, as described in greater detail below. Alter 
nately, the slider 222 is movable in a manner other than or in 
addition to translation. 

O127 
0128 Referring to FIG. 2, at least one registration member 
156 may extend from the effector 4, such as from the distal 
end of the effector 4. The distal end of the effector 4 may be 
substantially coincident with the distal end of the frame 14. 
The registration member or members 156 may be spikes 156 
that are configured to penetrate the wall of the target vessel at 
least partially. Alternately, one or more registration members 
156 may push down the wall of the target vessel, pull up the 
wall of the target vessel or otherwise engage the wall of the 
target vessel without penetrating it while still achieving reg 
istration. The cross-sectional area of each spike 156 is 
selected to be small enough Such that the tissue of the target 
vessel self-closes the aperture created therein by the spike 156 
after the spike 156 is removed. Alternately, one or more of the 
registration members are configured differently. The registra 
tion member or members 156 act to hold the effector 4 in a 
Substantially fixed position relative to the opening in the 
target vessel made by the cutter assembly 10 during actuation 
of the effector 4. That is, the registration member or members 
156 register the distal end of the effector 4 to a particular 
location on the Surface of the target vessel. By registering the 
effector 4 to the target vessel, the connection module 12 is 
able to connect the end of the graft vessel 120 to the proper 
location on the target vessel relative to the opening created by 
the cutter assembly 10. At least one registration member 156 
may extend from an open support 157, which may be cres 
cent-shaped or take any other appropriate shape. The Support 
157 is open to allow the graft vessel to exit through the open 
portion after the effector 4 is removed from the anastomosis 
site, as described below. The support 157 may act as a stop to 
stop the distal motion of the cutter assembly 10 and/or the 
connection module 12 during actuation of the effector 4. 
Alternately, a stop may be provided as a separate structure 
connected to the support 157. Alternately, an introducer (not 
shown) Such as a sleeve, cage or other mechanism may be 
used to guide the connection module 12 to the opening cre 
ated by the cutter assembly 10, thereby registering the con 
nection module 12 to the target vessel. The introducer may be 
used instead of or in addition to the registration members 156. 
Alternately, a separate registration mechanism (not shown) 
may be mounted to or around the target vessel, and the distal 
end of the effector 4 couples to that registration mechanism to 
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register the effector 4 to the target vessel. The registration 
mechanism may be any mechanism that can be mounted to 
the target vessel. Such as the aorta, in any manner. For 
example, the registration mechanism may be the access port 
system of commonly-assigned U.S. patent application Ser. 
No. 09/967,.684, which is hereby incorporated by reference in 
its entirety. Mounting of the registration mechanism to the 
target vessel may be performed by applying Suction, holding 
the registration mechanism against the target vessel mechani 
cally or by hand, or in any other appropriate manner. Further, 
coupling between the effector 4 and the registration mecha 
nism may be accomplished in any Suitable manner. As one 
example, the effector 4 may lock to the registration mecha 
nism such that the two items are removed together from the 
target vessel after anastomosis is complete. As another 
example, one of the effector 4 and the registration mechanism 
may include a keyway, and the other may include a mating 
key, such that the effector 4 and the registration mechanism 
may be registered to one another in a known and preselected 
orientation. 
I0129. Optionally, at least one registration member 156 is 
configured to test the thickness and/or tissue quality of the 
wall of the target vessel. As one example, at least one regis 
tration member 156 is a hypotube having a sharpened distal 
end, having at least one orifice near its proximal end that 
extends to the lumen of the tube. Alternately, the distal end of 
the hypotube is not sharpened. Alternately, the proximal end 
of that registration member 156 is open, and no orifice is 
provided. Such a registration member 156 may be substan 
tially the length of the thickest tissue with which the inte 
grated anastomosis tool 2 may be used. A number of regis 
tration members 156 may be provided, each having a different 
length, such that the thickness of the wall of the target vessel 
may be determined by viewing the registration members 156 
to determine which ones are contacting fluid within the target 
vessel. 
0.130 Optionally, the effector 4 includes at least one thick 
ness sensor (not shown) that is separate from the registration 
member or members 156. For example, an ultrasonic trans 
ceiver may be mounted on the effector, where that transceiver 
is configured to transmit ultrasonic energy to and receive 
ultrasonic energy from the tissue of the target vessel wall in 
order to determine its thickness. 
I0131 Operation 
0.132. The effector 4 begins in an initial configuration as 
shown in FIG. 11. In the initial configuration, the cutter 
assembly 10 is positioned at or near the distal end of the 
effector 4, and the connector module 12 is positioned proxi 
mal to and spaced apart from the cutter assembly 10. When 
the effector 4 is in the initial configuration, the longitudinal 
axis of the cutter member 18 is substantially coaxial with the 
longitudinal axis of the connection module 12. However, the 
cutter member 18 and the connection module 12 may have a 
different spatial relationship relative to one another in the 
initial configuration. For example, the cutter assembly 10 and 
the connector module 12 may be initially side by side. As 
another example, the cutter assembly 10 and the connector 
module 12 may be angled relative to one another Such that 
their longitudinal axes approach one another or intersect at 
the location on the target vessel where the cutter assembly 10 
creates an opening therein. 
(0.133 Graft Vessel Preparation 
0.134 Referring also to FIGS. 2 and 6-7, the graft vessel is 
loaded into the connection module 12 while the connection 
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module 12 is in the open position. The graft vessel is placed in 
the channel 125 of the connection module 12, with a proximal 
portion of the graft vessel extending through the side of the 
connection module 12 at the location that will form the pas 
sage 122 and a distal portion of the graft vessel extending 
distal to the distal end of the connection module 12. The 
connection module 12 is then moved to the closed position, 
Such that a proximal portion of the graft vessel extends out of 
the passage 122. As described above, a catch 134 on one 
segment 114 segment 114, 116 may be oriented to engage a 
depression 136 or other feature on the other segment 114 
segment 114, 116. The catch 134 may be connected to a leaf 
spring 132 that is biased at least partially toward the longitu 
dinal axis of the connection module 12 with sufficient force to 
hold the catch 134 in the corresponding depression 136 such 
that the connection module 12 is held in the closed position. 
The connection module 12 may be outside the effector 4 
during the loading process. If so, the connection module 12 is 
placed into the effector 4 after the graft vessel is loaded, each 
projections 142 is placed into a second groove 144 as the 
connector module 12. Alternately, the connection module 12 
is connected to the effector 4 in a different manner, Such as 
described above. 

0135 Alternately, the graft vessel is loaded into the con 
nection module 12 while the connection module 12 is in the 
initial, closed configuration. To do so, the graft vessel is 
pulled through the passage 122 in the side of the connection 
module 12 and through the channel 125 of the connection 
module 12. A pull-through tool (not shown) may be utilized to 
pull the graft vessel through the passage 122 and the channel 
125. Such a pull-through tool may be configured in any suit 
able manner. As one example, the pull-through tool may be 
Substantially as disclosed in co-pending and commonly-as 
signed U.S. patent application Ser. No. 10/055,179, which is 
hereby incorporated by reference herein in its entirety. The 
pull-through tool is flexible enough to be able to extend 
through the aperture 126 in the distal end of the connection 
module 12 and bend sufficiently to extend to the edge of or 
beyond the passage 122. In this way, an end of the pull 
through tool engages an end of the graft vessel. Alternately, a 
Surgical forceps or other Suitable tool may be used. 
0136. The operator then moves the pull-through tool to 
pull the end of the graft vessel through the passage 122 and 
through the aperture 126, such that the end of the graft vessel 
extends distal to the distal ends of the second tines 94 of the 
connectors 90. The second tines 94 are positioned closer to 
the longitudinal axis of the connection module 12 than the 
first times 92. The end of the graft vessel is then everted over 
the second tines 94. This eversion may be accomplished in 
any suitable manner. Alternately, if the first times 92 are posi 
tioned closer to the longitudinal centerline of the connection 
module 12, the end of the graft vessel is everted over the distal 
ends of the first times 92. Alternately, the end of the graft 
vessel may be flapped. That is, at least one incision may be 
made in the end of the graft vessel, creating one or more flaps 
at the end thereof. If so, the flap or flaps may be placed over 
the distal ends of the first times 92. 

0.137. At least one substantially longitudinal incision may 
be made in the end of the graft vessel that is pulled through the 
connection module 12. This incision may be made before or 
after pull-through. In order to achieve take-off of the graft 
vessel at an angle to the target vessel, the graft vessel is angled 
relative to the connection module 12. To facilitate this, a small 
Substantially-longitudinal incision may be made in the distal 
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end of the graft vessel. Further, by providing one incision, a 
single flap is created at the end of the graft vessel, facilitating 
the formation of a standard cobrahead anastomosis as shown 
in FIG. 11B. If so, the graft vessel is oriented relative to the 
connection module 12 in a manner Such that the operator can 
ensure the cobrahead shape of the finished anastomosis is 
oriented in a desired manner relative to the target vessel 166. 
More than one incision may be made, in order to create more 
than one flap in the end of the graft vessel. By placing the 
flapped end of the graft vessel at an angle to the end of the 
connection module 12, where that angle varies based on the 
width of the graft vessel, the connection module 12 may be 
used with graft vessels having a variety of widths, while the 
size of the opening in the target vessel created by the cutter 
assembly 10 remains the same across graft vessels having 
different widths. That is, by angling the graft vessel a larger 
amount relative to the longitudinal axis of the connection 
module 12, a greater cross-section of the graft vessel is placed 
adjacent to the opening in the target vessel. Thus, Small graft 
vessels may be angled a greater amount relative to the longi 
tudinal axis of the connection module 12. 

0.138. In proximity to the apex of this incision, such as 
above the apex or to the side of the apex, the graft vessel 158 
is pierced onto the second tine 94 of a single connector 90. 
The end of the graft vessel 158 is then everted over the 
remaining second tines 94 of the remaining connectors 94. 
Alternately, where the end of the graft vessel 158 is flapped, 
the flap or flaps are placed onto the remaining second tines 94 
of the remaining connectors 94. Referring also to FIG. 11, the 
graft vessel 158 is then pushed onto the second times 94 such 
that the second tines 94 penetrate the graft vessel 158. The 
action of pushing the graft vessel 158 onto the second tines 94 
may be referred to as “poke-through, and may be performed 
with a poke-through tool 160 such as shown in FIG. 11A, or 
a different graft preparation tool. The poke-through tool 160 
includes a poke-through tip 162 connected to a handle 164 in 
any suitable manner. The poke-through tip 162 is composed 
of a soft material such as rubber or silicone. Alternately, the 
poke-through tip 162 is substantially rigid and tubular. Alter 
nately, the poke-through tip 162 may be configured in any 
other Suitable manner. The user grasps the handle 164, places 
the poke-through tip 162 against the end of the graft vessel 
158, and applies force against the graft vessel 158 toward the 
distal end of at least one second tine 94. The poke-through tip 
162 pushes the tissue of the graft vessel 158 onto the second 
tine 94, while allowing the distal end of the second tines 94 to 
penetrate into the soft material of the poke-through tip 162. 
The poke-through tip 162 is then pulled off of the distal ends 
of the second tine 94, leaving the end of the graft vessel 158 
pushed down onto the second tine 94. Advantageously, the 
material of the poke-through tip 162 is selected and/or treated 
such that the poke-through tip 162 does not tear, crumble or 
otherwise substantially degrade as it is pulled off of the sec 
ond tine or tines 92. The poke-through tip 162 may be sized 
such that the graft vessel 158 can be pushed onto all of the 
second tines 94 at one time, or such that the second tines 94 
are poked through the graft vessel 158 individually or in 
separate groups. Alternately, a forceps or other tool or tools is 
used to poke the second tines 94 through the graft vessel 158, 
and a separate poke-through tool 160 is not utilized. Alter 
nately, one or more thin pieces of polyester film, standing 
alone or connected to a mechanism, may be used to poke the 
second times 94 through the graft vessel 158. After poke 
through, the width of the spike 202 at the connection between 
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the spike 202 and the body 204 assists in retaining the tissue 
of the graft vessel; that width acts to prevent the tissue of the 
graft vessel from sliding off of the needle tip 200. 
0.139. Selecting an Anastomosis Site 
0140. Referring to FIGS. 2 and 11, after the graft vessel 
158 has been loaded onto the connection module 12, the 
operator places the effector 4 on a potential anastomosis site 
on the target vessel 166. As described above, the interface 
member 8 may be bent, manipulated or otherwise moved 
relative to the actuator 6 to facilitate the connection of a graft 
vessel to a target vessel without the need to hold the actuator 
6 in an awkward position. That is, the actuator 6 may be held 
or otherwise positioned in a desired position, and the effector 
4 may then be placed at a potential anastomosis site on the 
target vessel 166, with the interface member 8 flexing or 
otherwise moving to accommodate that placement. Where 
the interface member 8 is flexible, it may be rigidified after the 
effector 4 has been placed in the desired position. Such rigidi 
fication of a flexible member of a surgical tool is standard. 
Alternately, where the interface member 8 is substantially 
rigid, or where the effector 4 is directly connected to the 
actuator 6, the effector 4 may be placed at a potential anasto 
mosis site on the target vessel 166 by moving the actuator 6. 
0141. The auger 30 extends distally from the effector 4, 
and penetrates the wall of the target vessel 166 as the effector 
4 is moved in proximity to the target vessel 166. This pen 
etration occurs prior to and separately from the later creation 
of the opening in the target vessel 166 that allows fluid to pass 
through the anastomosis. The auger 30 may penetrate the wall 
of the target vessel 166 partially or completely. After the 
auger 30 has been inserted through the wall of the target 
vessel 166, it remains there until the effector 4 is actuated; its 
presence in the wall of the target vessel 166 maintains hemo 
stasis. As the effector 4 moves into closer proximity with the 
target vessel 166, the registration member or members 156 
then engage the wall of the target vessel 166, penetrating it 
partially or completely. Alternately, the registration member 
or members 156 do not penetrate the target vessel wall at all, 
and instead engage the target vessel wall in a different man 
ner. Motion of the effector 4 toward the target vessel 166 stops 
when the support 157 or other suitable portion of the effector 
4 contacts the wall of the target vessel 166. At this time, the 
auger 30 has pierced at least the outer surface of the wall of the 
target vessel 166, and the effector 4 is registered to the poten 
tial anastomosis site. 
0142 Optionally, the thickness and/or tissue quality of the 
wall of the target vessel 166 is tested. Where at least one of the 
registration members 156 is at least partially hollow, that 
registration member 156 is substantially the length of the 
thickest tissue with which the integrated anastomosis tool 2 
may be used. When the registration member 156 is inserted 
into the wall of the target vessel 166, and the thickness of the 
wall is less than the length of the registration member 156, the 
distal end of the registration member 156 contacts the fluid 
such as blood that is within the target vessel 166. That fluid 
enters the hollow interior of the registration member 156 and 
exits the orifice in the registration member 156 or exits the 
proximal end of the registration member 156. This allows the 
operator to observe the outflow and visually confirm that the 
thickness and quality of the wall of the target vessel 166 is 
sufficient to proceed. When the registration member 156 is 
inserted into the wall of the target vessel 166, and the thick 
ness of the wall is greater than the length of the registration 
member 156 or the interior surface of the wall is calcified, the 
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distal end of the registration member 156 does not contact 
fluid within the target vessel 166. No fluid exits the orifice or 
other part of the registration member 156. This allows the 
operator to observe the lack of outflow and visually confirm 
that the thickness or quality of the wall of the target vessel 166 
is not appropriate, and the operator can then select a different 
potential location for anastomosis. Where the wall of the 
target vessel 166 is calcified, the auger 30 will be unable to 
penetrate completely through the wall due to the presence of 
the hard calcification, and it will be apparent to the operator 
that the potential anastomosis site is not suitable even without 
the use of a thickness-sensing registration member or mem 
bers 156. Alternately, an ultrasonic transceiver or other 
mechanism optionally may be used to determine the thick 
ness and/or tissue quality of a candidate anastomosis site. 
0.143 Creating an Opening in the Target Vessel 
0144. After a suitable anastomosis site has been selected 
on the target vessel 166, and the effector 4 has been registered 
to that anastomosis site, the user provides any suitable user 
input to the actuator 6 to actuate it. As one example, the 
actuator includes a Switch, trigger or other mechanism that 
can be operated by the user with one hand or both hands. As 
another example, the user input is applied indirectly, Such as 
through an information handling system. The user input may 
be mechanical, electrical, analog or digital, or any other Suit 
able type of input. The actuator 6 may be mechanically con 
figured in any manner that provides for motion of the cables 
46, 154, 155 in the manner described below. For example, the 
actuator 6 may include a pressurized gas reservoir, or may be 
connected to a source of pressurized gas. Upon depressing a 
trigger or otherwise actuating one or more controls, the pres 
Surized gas may be allowed to escape its reservoir into, or 
otherwise enter, a chamber having a piston (not shown) and 
exert force on the piston. The piston may be connected 
directly or indirectly to the cutter cable 46, the traveler cable 
154 and/or the second traveler cable 155, which may travel 
around one or more pulleys (not shown) within the actuator 6. 
0145 The cutter assembly 10 is actuated before the con 
nection module 12, to create an opening in the wall of the 
target vessel 166 before connecting the graft vessel 120 to the 
target vessel 166. The actuator 6 applies tension to the cutter 
cable 46, retracting the cutter cable 46 in the proximal direc 
tion. Advantageously, the actuator 6 applies an impulse to the 
cutter cable 46, thereby actuating the cutter assembly 10 
impulsively. As the impulse tensions the cutter cable 46, the 
cutter cable 46 begins to move proximally. 
0146 The cutter cable 46 is wound around at least a por 
tion of the cutter transport 28 proximal to the holder 20, as 
described above. The cutter cable 46 is thereby offset from the 
longitudinal centerline of the cutter transport 28, and at least 
a component of its orientation relative to the cutter transport 
28 is substantially tangent to the cutter transport 28. As the 
cutter cable 46 is tensioned and moved proximally, the tan 
gential component of the force applied by the cutter cable 46 
at a location spaced apart from the centerline of the cutter 
transport 28 causes the cutter transport 28 to rotate. As the 
cutter cable 46 rotates the cutter transport 28, the angle of the 
threads 48 on the cutter transport 28 causes the cutter trans 
port 28 to advance distally as it rotates. That is, the cutter 
transport 28 is threaded in a direction such that the proximal 
motion of the cutter cable 46 causes the cutter transport 28 to 
advance distally as it rotates. Rotation begins at Substantially 
the same time as translation. However, rotation or translation 
may begin first. As the cutter cable 46 continues to be pulled 
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proximally, it is progressively unwound from the cutter trans 
port. The portion of the cutter cable 46 that is wound around 
at least a portion of the cutter transport 28 proximal to the 
holder 20 and outside of the bore 22 may remain proximal to 
the holder 20 and outside of the bore 22 during actuation. 
Advancement and rotation of the cutter transport causes 
advancement and rotation of the cutter 24. 

0147 Referring also to FIG. 12, the cutter 24 advances 
distally into the wall of the target vessel and cuts the tissue of 
the wall of the target vessel with both a rotational and trans 
lational cutting action. The auger 30 is Substantially transla 
tionally fixed relative to the cutter 24, such that the auger 30 
and the cutter 24 advance distally at substantially the same 
rate. By constructing the auger 30 and the cutter 24 to be 
Substantially smooth and radially symmetrical, the rotary 
motion of these structures creates a Substantially smooth and 
clean hole through the wall of the target vessel 166. The tissue 
of the target vessel 166 may be strain rate sensitive, such as 
the tissue of the aorta. Strain rate sensitive tissue is easier to 
cut when the cutting is performed rapidly than when it is 
performed slowly. By actuating the auger 30 and the cutter 24 
impulsively, they move rapidly such that the cutter 24 can 
better cut strain rate sensitive tissue. 

0148. The auger 30 and cutter 24 are advanced into the 
wall of the target vessel 166 fast enough such that the blood or 
other fluid in the target vessel 166 acts as a solid and supports 
the wall of the target vessel 166 against the advance of the 
piercing member 36 and cutter 24. That is, the auger 30 and 
cutter 24 advance into the wall of the target vessel 166 fast 
enough that the fluid within substantially does not have time 
to move in response to the motion of the auger 30 and cutter 
24, such that the fluid acts as if it were a solid. Experiments 
have shown that the rate at which the auger 30 and cutter 24 
should advance to accomplish this effect is at least Substan 
tially 0.25 m.sec. Similarly, the duration over which the cutter 
transport 28 is advanced is advantageously less than one 
second; and may be substantially 0.05 seconds. The rotary 
speed of the cutter 24 is not as critical as the linear speed of the 
cutter 24 when aortic tissue is to be cut. 

0149. The bore 22 in the holder 20 stabilizes the cutter 
transport 28 while it advances. The length of the bore 22 and 
its surface finish are selected to provide for such stabilization. 
The bore 22 also reduces or substantially eliminates preces 
sion of the cutter member 18 as it is actuated. Each clip 72 of 
the effector 4 may hold at least one projection 66 of the holder 
20 and Substantially restrain that projection 66 against longi 
tudinal motion as the cutter member 18 advances into the wall 
of the target vessel 166. In this way, the proximal motion of 
the cutter cable 46 does not simply move the cutter assembly 
10 in the proximal direction. The tooth 29 associated with the 
bore 22 also stabilizes the cutter transport 28 while it 
advances. By riding between threads 48 of the cutter transport 
28 as the cutter transport 28 rotates and advances, the tooth 29 
substantially prevents the cutter transport 28 from sliding 
axially. 
0150. After the cutter 24 has penetrated completely 
through the wall of the target vessel 166, it has cut a tissue 
plug from that vessel wall to form an opening therein. The 
cutter 24 cuts a Substantially cylindrical tissue plug from the 
vessel wall due to its tubular shape, thereby leaving a sub 
stantially cylindrical opening in the wall of the target vessel 
166. The spike 36 is positioned relative to the cutter 24 such 
that the tissue plug is held within the cutter 24 due to engage 
ment with the ledge 40 of the spike 36 after the tissue plug has 
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been cut. That is, the ledge 40 advances completely through 
the wall of the target vessel 166 before the cutter 24 has done 
so, such that the tissue plug cut from the target vessel 166 wall 
is located proximally to the ledge 40 upon creation of the 
tissue plug. The ledge 40 is wide enough to reliably hold the 
tissue plug within the cutter 24. The shaft 38 extends axially 
through the tissue plug, such that contact between the shaft 38 
and the tissue plug acts Substantially to prevent radial motion 
of the tissue plug in the cutter 24. Where a capture feature or 
features are provided on the cutter 24 itself, they may engage 
the tissue plug instead of or in addition to the ledge 40. 
Alternately, the ledge 40 is omitted, and friction holds the 
tissue plug in the cutter 24. 
0151. The distal translation of the cutter 24 and auger 30 
continues through a fixed distance greater than the thickness 
of the vessel wall, to ensure that the cutter 24 has completely 
penetrated the wall of the target vessel 166. That fixed dis 
tance is selected to be greater than the maximum tissue thick 
ness with which the effector 4 is to be used, but lesser than the 
interior diameter of the target vessel 166. The rotation of the 
cutter transport 28, and hence the cutter member 18 as a 
whole, substantially stops when the cutter cable 46 has been 
pulled proximally far enough such that no cutter cable 46 
remains on the cutter transport 28 to be unwound. Alternately, 
a clutch or other mechanism may be provided to allow the 
cutter transport 28 to continue rotating for a short time after 
creating an opening in the target vessel 166, thereby dissipat 
ing at least Some energy associated with its angular momen 
tum. That is, the cutter transport 28 may be allowed to idle 
rotationally after it has completed its distal translation. Alter 
nately, the cutter transport 28 encounters a stop (not shown) 
that substantially stops distal motion of the cutter transport 28 
while allowing the cutter cable 46 to move proximally. The 
stop may extend from or be connected to the frame 14. Alter 
nately, the stop is the tooth 29 in the holder 20. When the 
holder 20 has moved to its most distal location and has 
stopped its motion, and the cutter transport 28 has rotated 
such that the tooth 29 encounters the most proximal thread 48, 
the tooth 29 acts as a stop. 
0152 The cutter transport 28 and the length of the cutter 
cable 46 are selected such that the opening in the wall of the 
target vessel 166 has been created before the time at which no 
more cutter cable 46 remains to be unwound from the cutter 
transport 28. The distal end of the cutter cable 46 is fixed to the 
cutter transport 28, such as at the anchor feature 50. Thus, 
when no more cutter cable 46 remains to be unwound from 
the cutter transport 28, further proximal motion of the cutter 
cable 46 no longer acts Substantially tangentially to the cutter 
transport 28, but substantially longitudinally to the cutter 
transport 28. In this way, a single cable 46 can be utilized to 
actuate the cutter assembly 10, move it out of the opening in 
the target vessel 166, and move the cutter assembly 10 out of 
the way of the connection module 12. Optionally, one or more 
additional cables may be provided. 
0153. As the cutter member 18 moves proximally, the 
cutter 24 moves proximally. The shoulder 43 of the cutter 24 
encounters the holder 20 as the cutter member 18 moves 
proximally. The shoulder 43 extends beyond the diameter of 
the bore 22 such that it does not pass through the bore 22, but 
rather engages the distal surface of the holder 20. This 
engagement exerts a proximal force on the holder 20. In this 
way, the cutter cable 46 exerts a retraction force on the cutter 
assembly 10 in the proximal direction. The retraction force is 
larger than the proximal force experienced by the cutter 
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assembly 10 during rotation of the cutter transport 28. The 
clip or clips 72 are constructed such that the clip or clips 72, 
taken together, resist an amount of force in the proximal 
direction that is less than that amount of retraction force but 
greater than the proximal force experienced by the cutter 
assembly 10 during rotation of the cutter transport 28. The 
force exerted by the cutter cable 46 thereby overcomes the 
force exerted by each clip 72 on the corresponding projection 
66, causing the clip or clips 72 to flex out of the way of the 
projection or projections 66 and allowing the cutter assembly 
10 to move proximally past the clip or clips 72. 
0154 Referring also to FIG. 13, as the cutter assembly 10 
moves proximally, the cutter 24 moves out of the opening 167 
that it created in the wall of the target vessel 166, and removes 
the tissue plug from the opening 167. The tissue plug is held 
within the cutter 24 by friction with the inner surface of the 
cutter 24 and/or by contact with the ledge 40 of the auger 30. 
The cutter assembly 10 thus has created an opening through 
the wall of the target vessel 166 at a location that had been 
previously Substantially intact. In this way, where the target 
vessel 166 carries blood, the cutter assembly 10 disrupts the 
hemostasis of the target vessel 166 at the location where the 
cutter assembly 10 enters tissue. Alternately, the cutter 
assembly 10 may be used to make a larger opening in the wall 
of the target vessel 166 at a location where an opening already 
exists. 

O155 Each projection 66 extending from the holder 20 is 
received and guided by at least one first groove 68. As the 
cutter assembly 10 moves proximally, it follows the path of 
the first groove or grooves 68 in the frame 14. Referring also 
to FIG. 2, the first grooves 68 extend substantially longitudi 
nally at the distal end of the frame 14, such that the cutter 
assembly 10 is moved substantially in the proximal direction 
after it has created an opening 167 in the wall of the target 
vessel 166. The first groove or grooves 68 extend along the 
frame 14 in such a manner as to move the cutter assembly 10 
off-axis as it is moved proximally. That is, the first groove or 
grooves 68 extend along a path that provides for motion of the 
cutter assembly 10 away from the line defined by the original 
position of the longitudinal centerline of the cutter member 
18. As an example, starting at the distal end of the frame 14, 
the first groove or grooves 68 extend substantially longitudi 
nally, then angle partially away from the longitudinal direc 
tion, then continue to extend Substantially longitudinally 
before stopping. Referring also to FIG. 14, as the cutter 
assembly 10 continues to move proximally under the influ 
ence of the cutter cable 46, the cutter assembly 10 moves 
off-axis along the path defined by the first groove or grooves 
68, then moves longitudinally again. When the most-proxi 
mal projection 66 of the holder 20 encounters the proximal 
end 168 of the corresponding first groove 68, that contact 
stops the proximal motion of the cutter assembly 10 in a final 
position. Continued tension in the cutter cable 46 maintains 
the cutter assembly 10 in that final position during the remain 
der of the operation of the effector 4. Alternately, tension on 
the cutter cable 46 is released at least in part, and friction or 
interference between at least one of the projections 66 and the 
proximal end 168 of the corresponding first groove 68 holds 
the cutter assembly 10 in the final position. Alternately, ten 
sion on the cutter cable 46 is released at least in part, and a 
catch or other mechanism engages at least one projection 66 
or a different part of the cutter assembly 10 and holds the 
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cutter assembly 10 in the final position. Alternately, the proxi 
mal motion of the cutter assembly 10 is stopped in a different 
a. 

0156 

(O157 With the cutter assembly 10 moved off-axis, the 
path is clear for the connection module 12 to advance distally. 
The connection module 12 may begin its distal travel before 
or after the cutter assembly 10 has moved off-axis, as long as 
the timing of their relative motion is such that they do not 
collide with one another. Referring also to FIG. 10, the con 
nection module 12 may be moved distally by applying tension 
to the traveler cable 154. Both proximal ends of the traveler 
cable 154 are retracted proximally to do so. As both proximal 
ends of the traveler cable 154 are retracted proximally, the 
portion of the traveler cable 154 proximal to the cable guide 
84 is pulled distally, because the cable guide 84 reverses the 
direction of the traveler cable 154. As a result, the portion of 
the traveler cable 154 within the channel 152 in the traveler 
146 is pulled distally, which in turn causes the traveler 146 to 
move distally. As the traveler 146 moves distally, it pushes the 
connection module 12 distally. Alternately, one proximal end 
of the traveler cable 154 is substantially fixed, and only the 
other proximal end is moved proximally. Referring also to 
FIG. 6, each projection 142 extending from the connection 
module 12 is received and guided by at least one second 
groove 144. Further, each leg 150 of the traveler 146 is 
received and guided by at least one second groove 144 or 
other groove substantially parallel to the second groove 144. 
The second groove or grooves 144 are substantially longitu 
dinal, and are oriented on the frame 14 to translate the con 
nection module 12 substantially longitudinally to the distal 
end of the effector 4. Alternately, the second groove or 
grooves are curved or otherwise shaped, and convey the con 
nection module 12 to the distal end of the effector 4. Alter 
nately, the cutter assembly 10 and the connection module 12 
can be moved in any manner and in any direction that allows 
each of them to perform its function. 
0158 Referring also to FIG. 15, as the connection module 
12 is pushed distally by the traveler 146, the connection 
module 12 approaches the stop 170 at the distal end of the 
effector 4. Where the connectors 90 are staples 90, the longer 
second tine 94 of each staple moves past the distal end of the 
effector 4 and enters the opening 167 in the target vessel 166 
wall created by the cutter assembly 10. Alternately, where the 
connectors 90 are not staples, any suitable portion of one or 
more connectors 90 may enter the opening 167 in the wall of 
the target vessel 166 as the connection module 12 approaches 
the stop 170. Referring also to FIG. 16, an end of the graft 
vessel 120 was previously pushed down onto the second tines 
94, as described above. As the connection module 12 
approaches the stop, where the connector 90 is a staple 90, the 
first tine 92 of each staple 90 penetrates the wall of the target 
vessel 166, partially or completely. This penetration occurs in 
proximity to the opening 167 in the target vessel 166, such 
that the first times 92 are spaced apart from one another in 
tissue around the opening 167. 
0159. The traveler 146 continues to push the connection 
module 12 distally until the connection module 12 encounters 
the stop 170. The stop 170 is sized and shaped to prevent the 
connection module 12 from moving Substantially further in 
the distal direction after the connection module 12 encounters 
it. When the connection module 12 stops, the everted or 
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flapped end of the graft vessel 120 is in contact with, or close 
to contact with, the outer surface of the wall of the target 
vessel 166. 

0160. After the connection module 12 has stopped, ten 
sion is still applied to the traveler cable 154. The traveler 146 
cannot urge the connection module 12 any further distally due 
to interference by the stop 170. As a result, referring also to 
FIGS. 6-7, the traveler 146 applies force in the distal direction 
to the drivers 128. The drivers 128 are initially biased away 
from the connectors 90 with a force less than is applied by the 
traveler 146 after the connection module 12 has encountered 
the stop 170. After the connection module 12 encounters the 
stop 170, the distal force applied by the traveler 146 to the 
drivers 128 overcomes that bias and urges the drivers 128 
distally toward the connectors 90. Referring also to FIG. 17. 
each driver 128 moves distally toward at least one corre 
sponding connector 90 or a plunger interposed between the 
driver 128 and the connector 90. Referring also to FIG. 9, 
where the connectors 90 are stepped staples 90 as described 
above, the first step 98 of each staple 90 is positioned proxi 
mal to a corresponding anvil 108 on one of the anvil plates 
104. The first step 98 is closer to the first tine 92 of each staple 
90. As each driver 128 moves distally, it contacts the second 
step 100 of at least one corresponding staple 90. This motion 
of the driver 128 exerts a force on the second step 100, and 
thereby a moment about the anvil 108. As a result, each staple 
90 begins to bend. The bending may be concentrated at the 
transition 102 between the steps 98, 100 of each staple 90. 
Alternately, the bending may be distributed across a greater 
portion of at least one staple 90, or may be concentrated in a 
different part of at least one staple 90. 
0161 Referring also to FIG. 18, as each driver 128 moves 
distally against the second step 100 of one or more staples 90. 
each staple 90 deforms such that its second tine 94 bends 
outward and proximally, coming to rest against the inner 
surface of the wall of the target vessel 166 without substan 
tially penetrating it. Thus, the first tine 92 of each staple 90 
penetrates at least the outer surface of the wall of the target 
vessel 166, and the second tine 94 of each staple 90 does not 
substantially penetrate the inner surface of the wall of the 
target vessel 166. Alternately, the first tine 92 and/or second 
tine 94 of at least one staple 90 may have a different relation 
ship with the wall of the target vessel 166 after deployment. 
After the staples 90 have been deployed, the tissue at the distal 
end of the graft vessel 120 that had been placed over the 
second tines 94 shifts such that the inner surface of the end of 
the graft vessel 120 is placed in contact with the outer surface 
of the wall of the target vessel 166. Such a connection may be 
referred to as a cobrahead. However, the topology of the 
anastomosis may be different, if desired. In the deployed 
configuration, the staples 90 hold and control the edge of the 
opening 167 in the target vessel 166, and hold the end of the 
graft vessel 120 against the outer surface of the target vessel 
166. The anastomosis between the end of the graft vessel 120 
and the side of the target vessel 166 is thus complete. 
0162 The cutter assembly 10 advantageously is moved 
off-axis rapidly after creating the opening 167 in the target 
vessel 166. Further, the actuation of the traveler 146 to move 
the connection module 12 distally and deploy the connectors 
90 advantageously is performed rapidly. An impulsive force 
may be applied to the cutter assembly 10 and to the traveler 
146 to cause such rapid motion. Such rapid motion of the 
cutter assembly 10 and the connection module 12 provides 
virtual hemostasis. As used in this document, “virtual hemo 
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stasis” refers to limiting bloodloss through the opening 167 in 
the target vessel 166 by minimizing the period of time 
between the cutting and connecting operations. As one 
example of virtual hemostasis, where the target vessel 166 is 
the aorta and the heart is beating, the time between the cre 
ation of the opening 167 in the wall of the target vessel 166 
and the deployment of the connectors 90 to connect the graft 
vessel 120 to the target vessel 166 is less than one second, 
Such that a minimal amount of blood escapes through the 
opening 167. Further, the term “quick shuttle' may be used to 
refer to motion of the cutter assembly 10 and the connection 
module 12 within a short period of time to provide virtual 
hemostasis. 

0163. After the connectors 90 have been deployed and the 
anastomosis has been completed, each anvil plate 104 is 
rotated relative to the corresponding segment 114 segment 
114, 116 of the connection module 12. The anvil plate or 
plates 104 may be rotated by any suitable structure, mecha 
nism or method. The rotation of each anvil plate 104 moves 
each anvil 108 laterally relative to the corresponding staple 
90, such that each anvil 108 is no longer distal to the base 96 
of the corresponding staple 90. In this way, the staples 90 are 
freed from the anvils 108 and free to move out of the connec 
tion module 12 via the corresponding aperture 106 in the anvil 
plate 104, and the connection module 12 is free to move 
proximally away from the deployed connectors 90 and the 
target vessel 166. 
(0164. As the traveler cable 154 continues to force the 
traveler 146 distally, the engagement element 138 of each leaf 
spring 132 on the connector module 12 is forced against the 
corresponding stub 140 at the distal end of the frame 14. As a 
result, the distal end of each leaf spring 132 is pushed away 
from the longitudinal axis of the connection module 12. As 
each leaf spring 132 is forced away from the longitudinal 
centerline of the connection module 12, this motion causes 
the catch 134 on each leaf spring 132 to move out of the 
corresponding depression 136 in the other segment 114 seg 
ment 114, 116 of the connection module 12. As a result, the 
catch 134 no longer holds the connection module 12 in the 
closed position. The second traveler cable 155 is then moved 
proximally, pulling the traveler 146 away from the connection 
module 12. The spring 130 then biases at least the distal ends 
of the segments 114,116 apart from one another, opening the 
connection module 12 to the open position shown in FIGS. 6 
and 19. Because the traveler 146 has moved away from the 
connection module 12, the segments 114, 116 are free to 
move to the open position. Alternately, the second traveler 
cable 155 is not provided, and the traveler 146 is otherwise 
configured to allow the connection module 12 to open while 
the traveler 146 is in contact with it. 

(0165 Optionally, the traveler 146 includes a shelf 172 
defined in the distal surface of the plate 148. As the traveler 
146 moves distally, the proximal end of at least one driver 128 
engages the distal surface of the plate 148, and the shelf 172 
is positioned adjacent to a portion of that driver 128 near its 
proximal end. The shelf 172 prevents the connection module 
12 from moving to an open position, because the shelf 172 
would interfere with at least one driver 128 if the connection 
module 12 were to attempt to open. However, after the drivers 
128 have been driven distally to deploy the connectors 90. 
they are positioned distal to the shelf 172, such that interfer 
ence with the shelf 172 no longer prevents the connection 
module 12 from moving to the open position. Thus, the shelf 
172 acts as a safety to ensure that the connection module 12 
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opens at the appropriate time. Alternately, the shelf 172 is 
used instead of the leaf spring or springs 134 to hold the 
connection module 12 in the closed position until the appro 
priate time for it to open. 
0166 The effector 4 is then moved away from the target 
vessel 166, such that the registration member or members 156 
move away from the target vessel 166. Where the registration 
member or members 156 are a spike or spikes, the cross 
sectional area of each spike is Small enough that the aperture 
created by each spike in the wall of the target vessel 166 
closes as that spike is removed. In this way, Substantially no 
leakage from the target vessel 166 results from the removal of 
the registration member or members 156. 
(0167. The effector 4 is then moved laterally relative to the 
graft vessel 120. With the connection module 12 open, the 
graft vessel 120 may exit the connection module 12 through 
the side thereof. The support 157 at the distal end of the 
effector 4 is open as well, to allow the graft vessel 120 to exit 
from the side of the connection module 12 and through the 
open portion of the support 157. Providing for the side exit of 
the graft vessel 120 from the effector 4 allows for flexibility in 
the performance of surgical procedures such as CABG. For 
example, where the graft vessel 120 is side-loaded into the 
connection module 12 and is capable of exiting from the side 
of the connection module 12, and the integrated anastomosis 
tool 2 is used to perform a proximal anastomosis between a 
graft vessel 120 and the aorta, the proximal anastomosis can 
be performed before or after the distal anastomosis between 
the graft vessel 120 and a coronary artery. This flexibility may 
be particularly useful where the integrated anastomosis tool 2 
is used in the performance of an endoscopic or minimally 
invasive CABG procedure, and/or where a mammary artery 
or other artery is used for anastomosis such that no proximal 
anastomosis is necessary. 
0168 Where the suture-based connection module 12 
described above and in FIGS. 21-27 is utilized, the actuation 
of the connection module 12 is similar. For brevity, only the 
significant differences between actuation of the clip-based 
connection module 12 and the Suture-based connection mod 
ule 12 are described here. Referring to FIG. 21, the graft 
vessel 120 may be placed in the depression 124 of either 
segment 114 segment 114, 116 of the connection module 12, 
after which the segments 114, 116 are moved together. The 
segments 114, 116 of the connection module 12 are held 
together by engagement between the latch 186 and the notch 
190. Alternately, the segments 114, 116 of the connection 
module 12 are moved and held together first, and the graft 
vessel 120 is pulled through the connection module 12 with a 
pull-through tool Such as described in commonly-owned U.S. 
patent application Ser. No. 10/055,179, which is hereby 
incorporated by reference in its entirety. Alternately, the con 
nection module 12 is not segmented, such that it is a unitary 
structure, and the graft vessel 120 is pulled through the con 
nection module with Such a pull-through tool. 
0169. The distal end of the graft vessel 120 extends dis 

tally from the connection module 12, through the aperture 
126. In the initial configuration of the connection module 12, 
the needles 192 are positioned such that the needle tips 200 
also extend distally from the connection module 12, through 
the aperture 126. Initially, the needle tips 200 are positioned 
around the outer surface of the graft vessel 120. The distalend 
of the graft vessel 120 is then everted, at least partially, over 
the needle tips 200. Alternately, at least one incision is made 
at the end of the graft vessel 120 in the longitudinal direction 
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or other Suitable direction, creating at least one flap in the end 
of the graft vessel 120. The flap or flaps may be everted onto 
or otherwise positioned relative to the needle tips 200. The 
distal end of the graft vessel 120 is then pushed down onto the 
spikes 202 of the needle tips 200, using any suitable structure, 
mechanism or method. Advantageously, the graft vessel 120 
is pushed down onto the needle tips 200 far enough that the 
spikes 202 penetrate completely through the wall of the graft 
vessel 120. In this way, the width of each spike 202 at its 
intersection with the body 204 as compared with the smaller 
width of the body 204 at that intersection acts to hold the graft 
vessel 120 in place on the needle tips 200 after eversion or 
partial eversion. 
0170 Next, referring also to FIG. 10, the connection mod 
ule 12 may be moved distally substantially as described above 
with regard to the other exemplary connection module 12. 
Applying tension to the traveler cable 154 causes the traveler 
146 to move distally. As the traveler 146 moves distally, it 
pushes the connection module 12 distally. The traveler 146 
may contact the proximal end of at least one Support 217, or 
may contact any other portion of the proximal end of the 
connection module 12, to urge the connection module 12 
distally. In this example of the connection module 12, drivers 
128 are not present because there are no clips or staples to 
actuate, and thus the traveler 146 contacts a portion of the 
connection module 12 other than a driver 128. 

0171 When the connection module 12 encounters the stop 
170, its distal motion stops. At this time, the needle tips 200 
may extend partially into the opening 167 in the target vessel 
166. However, the needle tips 200 may be outside the opening 
167. The end of the graft vessel 120 is outside the target vessel 
166, positioned against or in close proximity to the outer wall 
of the target vessel 166. Alternately, at least part of the end of 
the graft vessel 120 may extend at least partially into the 
opening 167. 
0172 Next, the needle actuation cables are moved by the 
actuator 6. This motion of the needle actuation cables is in a 
direction that begins to pull each retention member 199 of 
each needle 192 along the outer surface of the corresponding 
bushing 214. This motion of each retention member 199 
causes each corresponding axle 198 to begin to rotate relative 
to the corresponding bushing 214. This rotary motion moves 
each needle tip 200 through the opening 167 in the target 
vessel 166, distally into the lumen of the target vessel 166, 
outward from the opening 167, then proximally back through 
the wall of the target vessel 166 from the inside out. In this 
way, suture 212 connected to the needle tip 200 is moved 
distally and radially outward, then proximally and radially 
outward. The arcuate body 194 of at least one needle 192 may 
contact the corresponding arm 218 of the support 197 during 
this rotary motion. Such contact may assist in directing the 
motion of the needle 192. Further, such contact reduces the 
cantilever length of the free end 195 of the needle 192, which 
may be helpful if the tissue of the wall of the target vessel 166 
is tough or otherwise difficult to penetrate. 
(0173. After each needle tip 200 penetrates the wall of the 
target vessel 166, at least the spike 202 of that needle tip 200 
passes through a suture loop 226 held in an aperture 182 in the 
distal end of the housing 180. The suture loop 226 is a portion 
of the same length of suture 212 that is connected to the body 
204 of the needle tip 200 through the aperture 210 in the body 
204. The suture loop 226 is part of a partially-tied knot, such 
as the partially-tied knot disclosed in U.S. patent application 
Ser. No. 10/977,061, filed on Oct. 29, 2004, which is hereby 
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incorporated by reference in its entirety. The suture loop 226 
may correspond to the noose of the knot described in U.S. 
patent application Ser. No. 10/977,061. Alternately, a differ 
ent partially-tied knot is utilized. Alternately, rather than or in 
addition to partially-tied knots, the connection module 12 
may utilize one or more mechanisms or structures connected 
to or associated with Suture to connect the graft vessel to the 
target vessel. 
(0174. After the aperture 210 of the body 204 of the needle 
tip 200 has passed through the corresponding Suture loop 226, 
at least part of the suture 212 connected to that needle tip 200 
has also passed through the corresponding Suture loop 226, 
which is a step in the formation of a fully-tied knot. A separate 
length of suture 212 is associated with each needle tip 200, 
Such that a plurality of independent knots can be formed. 
Alternately, a single length of Suture 212 may be associated 
with two or more separate needle tips 200. Alternately, for 
each needle tip 200 and length of suture 212, a second length 
of suture (not shown) can be integrated into the knot to assist 
in its tightening and holding strength. 
0.175. At this point, a length of suture extends through the 
end of the graft vessel 120, into the aperture 167 of the target 
vessel 166, and back out of the wall of the target vessel 166. 
Referring also to FIG. 27, as the needle 192 continues to 
move, each spike 202 moves through the corresponding 
suture loop 226 and into an aperture 224 in the grate 220. The 
width of each aperture 224 is less than the widest part of at 
least one corresponding spike 202. The material of the grate 
220 is thin enough to flex as at least one spike 202 is urged into 
the corresponding aperture 224. Such that the spike 202 can 
move completely through the aperture 224. At least the por 
tion of the body 204 at the connection between the spike 202 
and the body 204 is narrower than the aperture 224, such that 
the grate 220 can flex back into its relaxed position and hold 
the spike 202 on the opposite site of the grate 220 from where 
it started. 

0176 The slider 222 is then retracted proximally. Such 
retraction may be accomplished by any suitable mechanism 
or structure. For example, a slider retraction cable (not 
shown) may be connected to the slider 222 and physically 
and/or operationally connected to the actuator 6. When the 
slider retraction cable is moved proximally, it moves the 
slider 222 proximally. As the slider 222 is retracted proxi 
mally, it retracts the grate 220 proximally as well. The aper 
tures 224 of the grate 220 eachhold at least one needle tip 200, 
such that the retraction of the grate 220 proximally pulls the 
needle tips 200 proximally. This proximal force exerted on 
the needle tips 200 causes them to disconnect from the cor 
responding arcuate bodies 194 of the needles 192. For 
example, where the base 206 of a needle tip 200 is crimped to 
the free end 195 of the corresponding arcuate body 194, the 
proximal force exerted on the needle tip 200 overcomes the 
crimp between the needle tip 200 and the arcuate body 194 
and frees the base 206 from the corresponding arcuate body 
194. As another example, if the needle tip 200 is frangibly 
connected to the corresponding arcuate body 194, the proxi 
mal force exerted on the needle tip 200 causes the needle tip 
200 to break apart from the corresponding arcuate body 194. 
0177. As the grate 220 moves proximally, the needle tips 
200 move proximally, and each needle tip 200 pulls a corre 
sponding Suture 212 proximally. This motion of the Suture 
212 causes the partially-tied knots to tighten. The suture 212 
is then cut at a location proximal to the tightened knot. This 
cutting may be performed by the Surgeon, or by a Suture cutter 
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(not shown) in the connection module 12. Alternately, the 
suture 212 is released from the completed knot in a different 
manner. As one example, the Suture 212 continues to be 
pulled proximally after the knot is completed, increasing the 
tension in the suture 212. The suture 212 is crimped to the 
needle tip 200 in such a manner that it releases from the 
needle tip 200 under a tension force that is greater than the 
tension to tighten the knot, but less than the tension to break 
the suture 212. Such a crimp may be referred to as a con 
trolled-release crimp. Alternately, the opposite end of the 
suture 212 from that connected to the needle tip 200 may be 
separable from the connection module 12. Alternately, the 
breaking strength of the suture 212 is preselected such that the 
increased tension therein after the completion of the knot 
causes the suture 212 to break, thereby releasing the suture 
212 from the completed knots. In addition, the needles 192 
are moved back to their initial position by moving the needle 
actuation cables or other transmission members. For 
example, each needle actuation cable may be moved in a 
direction substantially opposite from the direction in which it 
was previously moved. The effector 4 is then moved away 
from the target vessel 166, leaving behind a completed 
Sutured anastomosis. 

0.178 Alternately, the suture 212 may be passed through 
tissue to connect the graft vessel 120 to the target vessel 166. 
If so, the connection module 12 may be configured differ 
ently. As one example, at least one needle tip 200 is not 
connected to suture 212. Instead, referring to FIGS. 28-29, a 
corresponding trap 230 is provided, where that trap 230 is 
connected to suture 212. The trap 230 receives and catches at 
least the spike 202 of the corresponding needle tip 200, and 
may be configured in any manner that allows it to do so. As 
one example, the trap 230 may be substantially tubular at least 
in proximity to a first end 234, with at least one tab 232 bent 
inward into the lumen of the trap 230. The tab or tabs 232 flex 
outward from a neutral position to allow the spike 202 of the 
needle tip 200 to pass beyond them into the lumen of the trap 
230, then flex back substantially into the neutral position. In 
the neutral position, the tab or tabs 232 do not allow the spike 
202 to pass back out of the trap 230. That is, the width of the 
spike 202 at its junction with the body 204 of the needle tip 
200 is greater than the distance between the free end 236 of a 
single tab 232 and an inner wall of the trap 230, or between 
two free ends 236 of different tabs 232. Contact between the 
free end 236 of at least one tab 232 and the spike 202 thus 
prevents the spike 202 from moving back out of the trap 230. 
Alternately, any other structure or mechanism may be used to 
hold the spike 202 in or otherwise by the trap 230 Such 
structures and mechanisms may include, for example, any of 
the structures and mechanisms described with regard to the 
grate 220 above. An end of the suture 212 may be crimped, 
swaged or otherwise attached to the second end 238 of the 
trap 230. Alternately, apart of the suture 212 other than an end 
thereof may be attached to the second end 238 of the trap 230. 
In this embodiment, at least one needle tip 200 may be fixed 
to the corresponding arcuate body 194, or may be an integral 
part of the arcuate body 194. 
0179 The trap 230 is detachably connected to the connec 
tion module 12 in any suitable manner. Referring also to FIG. 
30, as one example, the trap 230 may be held in a ring 240 that 
is fixed to the connection module 12. The ring 240 may be at 
least partially flexible, and may be composed of an elastomer 
or similar substance. Where the trap 230 is crimped onto the 
suture 212, such that the crimped area 242 has a smaller outer 
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diameter than the outer diameter of an adjacent part of the trap 
230, the inner diameter of the ring 240 is substantially equal 
to the outer diameter of the crimped area 242. In this way, the 
ring 240 holds the trap 230 substantially in place. Alternately, 
the trap 230 may be detachably connected to the connection 
module 12 by any other suitable structure and/or mechanism. 
The suture 212 extends out of the second end 238 of the trap 
230. Alternately, the trap 230 and the needle tip 200 are 
reversed. That is, the needle tip 200 is held by the ring 240 or 
other structure, rather than by the needle 192, and the trap 230 
is connected to the needle 192, rather than being held by the 
ring 240 or other structure. The suture 212 may be connected 
to the trap 230, as described above. Thus, after the trap 230 
engages the needle tip 200, the needle 192 pulls the suture 212 
in Substantially the same manner as described above. 
0180. As the connection module 12 is actuated, at least one 
needle tip 200 is moved toward the first end 234 of the cor 
responding trap 230. The actuation of the connection module 
12, and the movement of the needle tip or tips 200, may be 
accomplished in Substantially the same manner as described 
above, or in any other suitable manner. Referring also to FIG. 
31, as the needle tip 200 continues to move, the spike 202 of 
that needle tip 200 enters the first end 234 of the correspond 
ing trap 230. As the needle tip 200 enters the trap 230, the 
spike 202 may contact an inner wall of the trap 230. This may 
result from the use of a substantially linear trap 230 in con 
junction with the curved path of the needle tip 200. If so, the 
trap 230 may be movable to allow the spike 202 to enter the 
trap 230 smoothly. For example, the trap 230 may be allowed 
to rotate at its junction with the ring 240, as shown in FIG.31, 
thereby allowing the needle tip 200 to enter the trap 230 
smoothly. Alternately, the trap 230 may be curved to substan 
tially correspond to the path of the needle tip 200. If so, the 
trap 230 need not be movable to allow the needle tip 200 to 
enter, although it may be movable if desired. 
0181 Referring also to FIGS. 28 and 32, as the spike 202 
continues to move into the corresponding trap 230, it deflects 
the free end 236 of each tab 232 defined in the trap 230. The 
free end 236 of each tab 232 is increasingly deflected as the 
cross-section of the spike 202 moved into contact with the tab 
232 increases. As the spike 202 moves past each tab 232, the 
free end 236 of that tab moves back toward its initial position. 
The spike 202 extends further laterally than the body 204 of 
the needle tip 200, at least in part, at the connection between 
the spike 202 and the body 204. Thus, when the free end 236 
of each tab 232 moves back toward its initial position, it 
moves into the space behind the spike 202. As a result, the 
spike 202 is then prevented from moving back out of the trap 
230. The needle tip 200 is consequently connected to the trap 
230. Alternately, the trap 230 does not have tabs 232. Instead, 
the spike 202 has one or more flexible arms that bend upon 
entering the trap 230. The trap 230 may include one or more 
cutouts, ledges or other features configured to engage the one 
or more flexible arms of the spike 202. 
0182 Referring also to FIG. 33, the needle tip 200 is 
controlled to reverse its direction after it becomes connected 
to the corresponding trap 230. As the needle tip 200 moves, 
contact between the needle tip 200 and the tabs 232 in the trap 
230 causes the needle tip 200 to exert a force on the trap 230. 
This force pulls the trap 230 out of the ring 240, freeing the 
trap 230. As described above, the ring 240 may be configured 
in any manner that allows the trap 230 to disconnect from it. 
As one example, the ring 240 may be composed of a pliable 
material such as elastomer, such that the ring 240 flexes when 
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force is applied to the trap 230 and allows the trap 230 to 
disconnect from it. However, the ring 240 may be configured 
in any other suitable manner. As the needle tips 200 move, 
each needle tip 200 pulls a corresponding suture 212 through 
tissue to connect the end of the graft vessel 120 to the side of 
the target vessel 166. This motion of the suture 212 causes the 
partially-tiedknots to tighten, forming completely-tied knots. 
Alternately, the motion of the Suture completes a knot instead 
of or in addition to tightening a partially-tied knot. The tied 
knots are then separated from a remainder of the suture 212 in 
any Suitable manner. Such as described above. 
0183 Proximal/Distal Anastomoses 
0.184 The effector 4 can be utilized to perform an anasto 
mosis between the end of any tubular tissue structure and the 
side of any tubular tissue structure. As an example, the effec 
tor 4 may be used to perform a proximal anastomosis between 
a graft vessel and the aorta in a CABG procedure. As another 
example, the effector 4 may be used to perform a distal 
anastomosis between a graft vessel and a coronary artery in a 
CABG procedure. The effector 4 is particularly well suited to 
distal anastomosis inabeating-heart CABG procedure, due to 
its ability to provide virtual hemostasis; the heart does not 
Substantially move in the very short duration between making 
an opening in the coronary artery and deploying connectors to 
connect the graft vessel to the coronary artery. 
0185. Where the effector 4 is used for distal anastomosis 
between a graft vessel and a coronary artery, the cutter assem 
bly 10 may be configured differently. For example, the cutter 
assembly 10 may simply be a sharp edge that is actuated to 
move out of the distal end of the effector 4, create a substan 
tially linear slit in the coronary artery, then retract back into 
the effector 4 and move off-axis. The sharp edge may move 
solely in the longitudinal direction relative to the effector 4, or 
may move along at least part of the length of the coronary 
artery. Alternately, the cutter assembly 10 may be modified in 
any other suitable manner to facilitate its use with for distal 
anastomosis. 

0186. In addition, where the effector 4 is used for distal 
anastomosis, the connectors 90 may be scaled down in size 
relative to the connectors 90 utilized for proximal anastomo 
sis, or different connectors 90 may be used for distal anasto 
mosis than for proximal anastomosis. 
0187 While the invention has been described in detail, it 
will be apparent to one skilled in the art that various changes 
and modifications can be made and equivalents employed, 
without departing from the present invention. For example, 
the system described above may be used for Surgical proce 
dures other than CABG procedures, such as peripheral vas 
cular Surgery, neurovascular Surgery, or transplant Surgery. It 
is to be understood that the invention is not limited to the 
details of construction, the arrangements of components and/ 
or the details of operation set forth in the above description or 
illustrated in the drawings. Headings and Subheadings are for 
the convenience of the reader only. They should not and 
cannot be construed to have any Substantive significance, 
meaning or interpretation, and should not and cannot be 
deemed to be limiting in any way, or indicate that all of the 
information relating to any particular topic is to be found 
under or limited to any particular heading or Subheading. 
Statements in the abstract of this document and in the sum 
mary, to the extent that the invention is Summarized at any 
location in this document, are merely exemplary; they do not 
limit, and cannot be interpreted as limiting, the scope of the 
claims. The contents of each section of this document are 
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merely exemplary and do not limit the Scope of the invention 
or the interpretation of the claims. Therefore, the invention is 
not to be restricted or limited except in accordance with the 
following claims and their legal equivalents. 
What is claimed is: 
1. A Surgical apparatus for connecting a graft vessel to a 

target vessel, comprising: 
a cutter; and 
a connection module, at least one of said cutter and said 

connection module movable relative to the other, 
wherein said connection module includes a plurality of 
needles. 

2. The Surgical apparatus of claim 1, wherein at least one 
said needle is Substantially rigid. 

3. The Surgical apparatus of claim 1, wherein at least one 
needle includes a Substantially arcuate body having a free 
end. 

4. The Surgical apparatus of claim 3, wherein said needle 
includes an axle oriented Substantially perpendicular to said 
arcuate body. 

5. The Surgical apparatus of claim 4, wherein said needle 
includes a retention member connected to said axle. 

6. The Surgical apparatus of claim 5, wherein said retention 
member is Substantially L-shaped. 

7. The Surgical apparatus of claim 1, further comprising at 
least one needle tip detachably connected to a corresponding 
said needle, further comprising Suture connected to said 
needle tip. 

8. The surgical apparatus of claim 7, wherein at least one 
needle tip is crimped to an end of the corresponding said 
needle. 

9. The surgical apparatus of claim 7, wherein at least one 
needle tip is frangibly connected to an end of the correspond 
ing said needle. 

10. The surgical apparatus of claim 7, wherein said con 
nection module further comprises at least one grate, wherein 
at least one said needle tip is engageable with said grate. 

11. The Surgical apparatus of claim 10, wherein at least one 
said grate is movable from a first position in proximity to the 
distal end of said connection module to a second position 
proximal to said first position. 

12. The Surgical apparatus of claim 10, wherein at least one 
said grate includes at least one aperture therethrough. 

13. The Surgical apparatus of claim 12, wherein at least one 
said grate includes a plurality of said apertures spaced apart 
from one another. 

14. The Surgical apparatus of claim 12, wherein each said 
needle tip includes a spike at its distal end, and wherein the 
width of each aperture is less than the width of the widest part 
of said spike. 
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15. The Surgical apparatus of claim 1, further comprising at 
least one trap detachably connected to said connection mod 
ule, each said trap connected to Suture and configured to 
receive a corresponding said needle. 

16. The surgical apparatus of claim 15, wherein at least one 
said trap includes at least one tab defined therein to capture 
said corresponding needle. 

17. A Surgical apparatus for connecting a graft vessel to a 
target vessel, comprising: 

an actuator, and 
an effector operationally connected to said actuator, said 

effector configured to place the graft vessel in fluid com 
munication with the target vessel; wherein said effector 
includes a connection module having a plurality of 
needles, a needle tip detachably connected to each said 
needle, and Suture connected to each said needle tip. 

18. The surgical apparatus of claim 17, wherein said actua 
tor and said effector are operationally connected by at least 
one transmission member extending therebetween. 

19. The surgical apparatus of claim 18, wherein said actua 
tor includes a source of stored energy operationally con 
nected to said transmission member. 

20. The surgical apparatus of claim 19, wherein said source 
of stored energy is a pressurized gas reservoir. 

21. The surgical apparatus of claim 19, wherein at least one 
said transmission member is a cable. 

22. The Surgical apparatus of claim 20, wherein said con 
nection module includes at least one housing extending to a 
distal end thereof. 

23. The Surgical apparatus of claim 22, further comprising 
at least one bushing connected to a proximal Surface of the 
distal end of at least one said housing. 

24. The Surgical apparatus of claim 23, wherein at least one 
said bushing includes an opening therein, and wherein each 
said needle corresponding to each bushing includes a Sub 
stantially arcuate body and an axle Substantially perpendicu 
lar to said Substantially arcuate body; wherein at least one said 
axle extends into the corresponding said opening. 

25. The Surgical apparatus of claim 24, wherein at least one 
said axle is rotatable relative to the corresponding said bush 
ing. 

26. The Surgical apparatus of claim 24, wherein each said 
needle includes a retention member connected to said axle, 
and wherein each said retention member is configured to slide 
along the outer Surface of the corresponding said bushing. 

27. The Surgical apparatus of claim 18, wherein said actua 
tor is connectable to an external energy source to receive 
energy therefrom, said actuator configured to convert energy 
received from the external energy source into motion of said 
transmission member. 
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