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(57) ABSTRACT 

The present invention provides an implant device and an 
associated method for interconnecting human vessels rap 
idly, safely and in a minimally invasive manner. The device 
comprises a ?rst segment, a second segment, and a How 
opening along the periphery of the tWo connected segments. 
The ?rst and second segments are bendable for easy inser 
tion into an incision made Within each vessel. Upon release, 
each bendable segment subsequently conforms to the inte 
rior Walls of a vessel to provide a sealing contact along the 
contact surface of the segment inserted Within. The How 
opening provides ?uid interconnectivity betWeen the vessels 
connected by the implant device. The device is con?gured so 
as to: (1) not impede ?oW inside a vessel; (2) prevent ?oW 
out of the openings in the vessels except for How from one 
vessel to another via the connector opening; and (3) force the 
vessels toWard each other at areas around the openings 
alloWing the vessels to groW together so that How in one 
vessel may How to the other. The implant device may be 
inserted using special catheter designed speci?cally for the 
placement and release of the implant device Within the 
vessels for interconnection thereof. The implant device is 
preferably provided in an assortment of siZes, shapes, con 
?gurations, etc. in order to interconnect vessels of various 
siZes, shapes and orientations. A system Which includes a 
catheter having the implantable device loaded therein is also 
disclosed. 
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DEVICE FOR INTERCONNECTING VESSELS IN A 
PATIENT 

TECHNICAL FIELD 

[0001] This invention relates generally to the ?eld of 
implantable medical devices and more particularly to such 
devices useful for interconnecting vessels in a patient. 

BACKGROUND OF THE INVENTION 

[0002] The human body has numerous vessels carrying 
?uid to essential tissues and areas for recirculation or 
excretion. When vessels become damaged, severed or 
Wholly occluded due to physiological problems, certain 
sections must be bypassed to alloW for the free and con 
tinuous ?oW of ?uids. Anastomosis is performed for the 
purpose of connecting different conduits together to opti 
miZe or redirect ?oW. In cardiac surgery, anastomosis is done 
to bypass the occluded vessel by harvesting a portion of an 
unobstructed vessel and joining it to the occluded vessel 
beloW the point of stenosis. 

[0003] The common procedure for performing the anas 
tomosis during bypass surgery requires the use of very small 
sutures, loupes and microsurgical techniques. Surgeons must 
delicately seW the vessels together being careful not to 
suture too tight and tear the delicate tissue, thereby destroy 
ing the vessel. Long term patency of anastomosis is also an 
issue. Exposure of damaged vessel Wall to the bloodstream 
can lead to formation of thrombus and possible occlusion of 
the artery. As cardiac surgery is moving into less invasive 
procedures, surgical access is being reduced, forcing sur 
geons to Work in a constantly tighter and tighter spaces. The 
procedures are made more difficult due to the multiple 
characteristics that are unique to each anastomosis. The 
arteries internal diameters dimensions are hard to predict, 
the Walls can be friable and easy to tear, often, they are 
covered With layers of fat, others are deeply seated in the 
myocardium. Cardiac surgeons sometimes inadvertently 
suture too loosely, resulting in leakage of ?uid from the 
anastomosis. Leakage of ?uid from the area can cause 
serious drop in blood pressure, acute or chronic and general 
changes that may endanger life or induce local scar tissue to 
develop and often results in further blockage or damage to 
the seWn vessel. 

[0004] Furthermore, anastomosing blood vessels may 
involve risks of physical injuries to the patient. For eXample, 
When performing coronary artery bypass grafting (CABG) 
procedures, anastomosis often requires manipulation of the 
heart, so surgeons may access the back of the heart as Well 
as the front. Patients supported by cardiopulmonary bypass 
during the procedure risk post-surgical complications that 
vary directly With the duration for Which the heart is under 
cardioplegic arrest. In addition, surgeons performing anas 
tomosis on a beating heart risk the possibility of a hemo 
dynamic compromise during longer procedures. Conse 
quently, surgeons are constantly searching for techniques to 
both reduce the risk of tissue damage as Well as the laborious 
and time-consuming task of vessel suturing. 

[0005] Stapling and coupling procedures have been used 
in performing large conduit anastomosis. While stapling is 
successful in gastrointestinal procedures due to the large siZe 
and durability of the vessels, it is less adequate for use in 
vascular anastomosis. The stapling instruments are dif?cult 
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to reduce to the siZe required by smaller vessels like coro 
nary arteries. When the staples are adapted to conform to the 
smaller siZed vessels, they are dif?cult to maneuver and 
require a great deal of time, precision, and ?ne movement to 
successfully approXimate the tissue. Often stapling or cou 
pling devices requires the everting of the vessel Walls. 
Everting may not alWays be practical especially for small 
arteries because they may tear if everted. Furthermore due to 
issues related to tissue capturing at the edges, the force 
required to trigger the stapling devices and spacing betWeen 
staple points, the potential of vessel laceration or leakage 
from the anastomosis eXists just as it does in suturing. 
Stapling devices also are poor at conforming to different siZe 
vessels. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0006] FIG. 1 is a perspective vieW of a simple embodi 
ment of the invention Where tWo partial cylindrical segments 
are interconnected along the periphery of an opening; 

[0007] FIG. 2 shoWs the embodiment of FIG. 1 inserted 
Within tWo vessels thereby interconnecting those vessels; 

[0008] FIG. 3 shoWs an alternative embodiment of the 
device of the invention Where full (complete) cylindrical 
segments having tapered ends are interconnected along the 
periphery of an opening Wherein each of the segments has an 
opening in its upper surface; 

[0009] FIG. 4 includes FIGS. 4A, 4B and 4C all of Which 
shoW a single alternative embodiment of the invention With 
FIG. 4A shoWing a ?rst segment of the device in a com 
pletely folded form being inserted Within an opening in a 
vessel, FIG. 4B shoWing the ?rst segment partially unfolded 
and further inserted Within the vessel and FIG. 4C shoWing 
the ?rst segment completely unfolded and completely 
inserted Within the vessel; 

[0010] FIG. 5 shoWs an alternative embodiment of the 
invention Where the ?rst and second segments are connected 
in a manner such that each segment is at a right angle or 
perpendicular to the other segment; 

[0011] FIG. 6 includes FIGS. 6A, 6B and 6C each of 
Which shoW embodiments of the device being delivered by 
a surgical dispenser and inserted into a vessel With FIG. 6A 
shoWing the device almost completely inserted Within the 
surgical dispenser lumen, FIG. 6B shoWing the device 
partially eXtruded from the surgical dispenser lumen and 
FIG. 6C shoWing the device completely eXtruded; 

[0012] FIG. 7 includes FIGS. 7A, 7B, 7C, 7D and 7E 
each of Which shoW a step of an alternative embodiment of 
putting the device of the invention in place using a catheter 
and guideWire With FIG. 7A shoWing the device Within the 
catheter and a guideWire in place, FIG. 7B shoWing the 
device moved toWard the opening in the vessel guided by the 
guideWire, FIG. 7C shoWing the device partially inserted, 
FIG. 7D shoWing the device completely inserted into tWo 
vessels thereby interconnecting those vessels and FIG. 7E 
shoWing the catheter WithdraWn; 

[0013] FIG. 8 includes FIGS. 8A, 8B and 8C Which shoW 
three steps of a device of the type shoWn in FIG. 1 being 
inserted into and interconnecting tWo vessels With FIG. 8A 
shoWing the device in the catheter, FIG. 8B shoWing the 
guideWire inserted in the vessel opening and FIG. 8C 
shoWing the device in place. 
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SUMMARY OF THE INVENTION 

[0014] The present invention provides an implant device 
and an associated method for interconnecting human vessels 
rapidly, safely and in a minimally invasive manner. The 
device comprises a ?rst segment, a second segment, and a 
?oW opening along the periphery of the tWo connected 
segments. The ?rst and second segments are bendable for 
easy insertion into an incision made Within each vessel. 
Upon release, each bendable segment subsequently con 
forms to the interior Walls of a vessel to provide a sealing 
contact along the contact surface of the segment inserted 
Within. The ?oW opening provides a permanent connection 
betWeen the tWo segments and ?uid interconnectivity 
betWeen the vessels connected by the implant device. The 
?exible segments comprise thin-Walls, thus minimally inter 
fering With ?uid ?oW Within the interconnected vessels. The 
con?guration of the tWo segments inside each vessel is such 
that it provides an element of force that can pull the tWo 
vessels together for a better seal and healing of artery Walls. 
The Wall pressure created by the ?uid inside the vessel 
secures the device against the vessel Wall thereby preventing 
leakage as Well. The implant device may be made of any 
suitable biocompatible material including bioresorbable and 
biodegradable material. 

[0015] The implant device may be inserted using surgical 
tools or alternatively using special catheter designed spe 
ci?cally for the placement and release of the implant device 
Within the vessels for interconnection thereof. The implant 
device is preferably provided in an assortment of siZes, 
shapes, con?gurations, etc. in order to interconnect vessels 
of various siZes, shapes and orientations. 

[0016] The implanted device, and the associated implant 
method, is particularly applicable for performing anastomo 
sis surgery for grafting tWo juxtaposed cardiac vessels. The 
cardiac anastomosis surgery may be performed on either a 
stopped or a beating heart. 

[0017] An object of the invention is to provide a device for 
interconnecting tWo vessels Within a patient—Which device 
is con?gured so as to be easily inserted into an opening in 
a vessel and alloW for a ?oW of material through the vessel 
after insertion. 

[0018] Another object of the invention is to provide for a 
method of quickly and ef?ciently performing an anastomo 
sis. 

[0019] An advantage of the invention is that the method 
can be readily performed because the device is small, 
?exible and easily manipulated. 

[0020] A feature of the invention is that is can be com 
prised of a variety of materials. 

[0021] Another feature of the invention is that the device 
is ?exible and matches the compliance of the native vessels 
to minimiZe irritation to the endothelial cells of the vessel 
Wall. 

[0022] Another feature of the device is that surface contact 
area of the device to the vessel Wall is minimiZed to reduce 
unWanted biological responses to the implant. 

[0023] Another feature of the invention is that one device 
can be used to accommodate a Wide range of different siZe 
vessels. 
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[0024] Another feature of the invention is that the device 
can be sold as a kit containing a range of different siZes of 
devices that could be use?ul for insertion into a Wider range 
of vessel siZes. 

[0025] An aspect of the invention is a device comprised of 
a ?rst segment connected to a second segment along the 
periphery of an interconnecting opening. 

[0026] Another aspect of the invention is that the device 
can be loaded into a catheter delivery system. 

[0027] Another aspect of the invention is that the device 
can be loaded in a surgical delivery dispenser. 

[0028] Another aspect of the invention is that it facilitates 
the application of adhesive. 

[0029] Another aspect of the invention is that it can be 
inserted using robotic assist devices (US. Pat. No. 5,855, 
583). 
[0030] Another aspect of the invention is that it can be 
used With a variety of conduits, vascular grafts, arti?cial or 
prosthetic. Examples of vascular grafts are coronary artery 
to the coronary vein, radial artery to the coronary artery, 
saphenous vein to the coronary artery, gastroepoploic artery 
to the coronary arteries, femoro-popletial bypass using vein 
or other conduit, etc. 

[0031] Yet another aspect of the invention is that the 
anastomosis procedure can be carried out using a loading 
device or an endovascular catheter in order to insert a device 
of the invention. 

[0032] These and other objects, aspects, advantages and 
features of the invention Will become apparent to those 
skilled in the art upon reading this disclosure in combination 
With the accompanying ?gures. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

[0033] Before the present, devices and methods used 
therein are disclosed and described, it is to be understood 
that this invention is not limited to particular components, 
devices or steps as such may, of course, vary. It is also to be 
understood that the terminology used herein is for the 
purpose of describing particular embodiments only, and is 
not intended to be limiting, since the scope of the present 
invention Will be limited only by the appended claims. 

[0034] Unless de?ned otherWise, all technical and scien 
ti?c terms used herein have the same meaning as commonly 
understood by one of ordinary skill in the art to Which this 
invention belongs. Although any methods and materials 
similar or equivalent to those described herein can be used 
in the practice or testing of the present invention, the 
preferred methods and materials are noW described. All 
publications mentioned herein are incorporated herein by 
reference to disclose and describe the methods and/or mate 
rials in connection With Which the publications are cited. 

[0035] The publications discussed herein are provided 
solely for their disclosure prior to the ?ling date of the 
present application. Nothing herein is to be construed as an 
admission that the present invention is not entitled to ante 
date such publication by virtue of prior invention. Further, 
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the dates of publication provided are subject to change if it 
is found that the actual date of publication is different from 
that provided here. 

[0036] FIG. 1 shoWs the ?exible device 1 that is com 
prised of a ?rst segment 2 and a second segment 3. In this 
embodiment the ?rst segment 2 and the second segment 3 
are mirror images of each other and are interconnected 
(preferably in a permanent manner) to each other along the 
periphery of an interconnecting opening 4. The ?rst segment 
2 has an end 5 and an opposite end 6. The ends 5 and 6 are 
equal distance from the center of the opening 4. Although 
the ends shoWn here have smooth, rounded edges the ends 
may be shaped in any desired form noting that it is prefer 
able to have end edges Which can be easily inserted into a 
vessel and not cause damage to the vessel. The second 
segment 3 has an end 7 and an opposite end 8 each of Which 
are also equal distance from the center of the opening 4. The 
device 1 as shoWn in FIG. 1 is shoWn inserted into vessels 
9 and 10 in FIG. 2. Depending on the particular con?gu 
ration of the device 1 the insertion can be carried out in a 
number of different Ways. As an example, the ?rst segment 
2 can be constricted so that it forms a tighter semi-circle 
and/or the ends 5 and 6 can be folded toWards each other. In 
this position the ends 5 and 6 can be made to touch each 
other and can be inserted Within the opening of a ?rst vessel 
9. Thereafter the second segment 3 can be inserted Within an 
opening of a second vessel 10 in the same manner. When the 
?rst segment 2 and second segment 3 are released from their 
constricted state they expand and conform to the interior 
Wall of the respective vessels 9 and 10, thereby intercon 
necting these vessels via the center of the opening 4. Thus, 
a side-to-side interconnection of vessels 9 and 10 is com 
pleted. In many situations it is desirable to close off one end 
of one of the vessels. As shoWn in FIG. 2 the end 11 of the 
vessel 9 has been tied off. 

[0037] In the embodiment of the device I as shoWn in FIG. 
1 the ?rst segment 2 and second segment 3 are mirror 
images. HoWever, the tWo segments can be different in siZe 
(circumference, Width or length) from each other. Different 
siZes are useful in situations Where it is desirable to inter 
connect tWo vessels Which are different in siZe. The embodi 
ment of FIG. 1 also shoWs that the ends 5 and 6 of the ?rst 
segment 2 as Well as the ends 7 and 8 of the second segment 
3 are equal distance along their entire edge from the center 
of the opening 4. HoWever, the ends 5, 6, 7 and 8 can be 
con?gured in any given manner and distance from intercon 
nection hole 4 as Well as being tapered or rounded on each 
or either end. 

[0038] FIG. 2 illustrates an exemplary anastomosis sur 
gery consists of grafting tWo juxtaposed vessels 9 and 10. 
The surgeon inserts one segment 2 in one vessel 9 and the 
other segment 3 into the other vessel 10 Whereby the gentle 
pressure created by device 1 due to its expansion prevents 
leakage of ?uid from the graft site 26. The ?uid then passes 
along ?oW path 27 from vessel 9 through the holloW 
connecting hole 4 into the vessel 10. The surgeon may tie off 
the distal end of the graft vessel using a thread 50, staple or 
other suitable closure or binding means. When the segments 
2,3 expand back to their original siZe and shape, they Will 
conform to the vessel Walls to provide gentle pressure and a 
?rm ?t. 

[0039] After insertion and completion of the anastomosis 
using the device 1 shoWn in FIG. 1 and inserted Within FIG. 
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2, it is necessary that the free end of the vessel be tied off by 
any standard closure or binding means using sutures, metal 
clips or other securing mechanisms such as the thread 50 
shoWn in FIG. 2. For example, the saphenous vein, right or 
left internal mammary artery, or radial artery used to form 
the anastomosis is terminated or closed off at the end as 
shoWn With the thread 50. Other closure means are taught in 
US. Pat. No. 5,234,448. Closing off of the vessel 9 Would 
clearly not be necessary during any side-to-side anastomosis 
Where the vessel is to be anastomosed to another vessel at a 
more distant point. During the procedure, the placement of 
stay sutures in order to stabiliZe the graft to the heart or to 
juxtaposition the tWo vessels together may be required. Such 
sutures are easily placed through the fat or tissue surround 
ing the vessels in order to provide additional stability to the 
anastomosis. This is normally performed When grafting an 
internal mammary artery to the coronaries but may be 
required for the anastomosis using this device in order to 
prevent the tWo vessels from being inadvertently separated 
from each other during or after the procedure. 

[0040] Although the device 1 shoWs a ?rst segment 2 and 
second segment 3 each of Which has a partial cylindrical 
shape and each of Which is identical in siZe and shape to the 
other, a variety of different con?gurations are contemplated 
by the present invention. Some of these con?gurations are 
shoWn in the other embodiments—see FIGS. 3, 4 and 5. 
HoWever, those skilled in the art Will contemplate numerous 
additional embodiments upon reading this disclosure. As 
one example it is pointed out that the ?rst segment 2 and 
second segment 3 can be ?at, i.e. have outer surfaces Which 
are contained Within a single plane. If each segment is ?at 
then the segment is folded before being placed in the 
opening of a vessel. Once in place each segment Will assume 
the con?guration of the interior Wall of the vessel it is placed 
Within. Further, each segment Will apply some pressure 
against the interior Wall of the vessel thereby holding the 
device in place. With each of the embodiments of the 
invention, it is preferable for each of the segments to have 
?exibility and be in a slightly bent or constricted shape When 
present Within the interior Wall of the vessel so that the outer 
surface of each segment is forcing itself against the interior 
Wall of the vessel While the device is attempting to reassume 
its original con?guration. The device is also held in place, to 
some degree, by blood pressure or other ?uid pressure 
Within the vessels forcing against the device. 

[0041] In the device 1 shoWn in FIG. 1 and used Within 
FIG. 2, the ?rst segment 2 and second segment 3 are 
connected along the periphery of the opening 4. Accord 
ingly, the ?rst segment 2 and second segment 3 touch each 
other along a line extending outWardly along the periphery 
of the opening 4 to the respective ends of each segment. 
HoWever, in an alternative embodiment (not shoWn), the 
opening 4 can be in the form of an open channel Which could 
be cylindrical in shape. The open channel Would connect to 
the opening 4 on each segment of the device. The channel 
Would separate the ?rst segment 2 from the second segment 
3 by the length of the channel and it Would be used in 
situations Where the vessels being connected are not posi 
tionable against each other. For example, one of the vessels 
may be embedded Within a layer of muscle or other tissue. 

[0042] FIG. 3 shoWs an alternative embodiment 12 of the 
invented device having tubular segments 17 and 19. Tubular 
segments 17 comprises tapered end 13 and 14 and tubular 
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segment 19 comprises tapered ends 15 and 16. The tapering 
of these ends may have a loW friction coating and be very 
smooth thereby providing a number of advantages Which 
include making it easier to insert the end into a vessel. The 
con?guration of FIG. 1 shoWs that the ?rst segment and 
second segment are each con?gured in the form of a portion 
of a cylinder. HoWever, the device could be con?gured so 
that each segment is a complete cylinder (see FIG. 3). An 
advantage of having each of the segments a partial cylinder 
is the ability to conform to a Wider range of different vessel 
diameters to improve the ?tting range. Another advantage is 
the maximiZing of the amount of endothelial Wall of the 
vessel not covered by the device 12 to promote healing and 
minimiZation of the cell response to the implantable device 
12. In the con?guration shoWn in FIG. 3 a complete cylinder 
is provided for each segment. HoWever, the ?rst segment 17 
has an opening 18 in its upper surface and the second 
segment 19 has an opening 20 in its upper surface. 

[0043] Another embodiment of the invention-is shoWn in 
FIGS. 4A, 4B and 4C each of Which shoWs a folding/ 
expandable device 21. In FIG. 4A the segment 22 is in its 
expanded con?guration and the segment 23 is in a com 
pletely folded con?guration. FIG. 4A shoWs the segment 23 
being inserted into an opening 24 in a vessel 25. Once the 
segment 23 has been inserted it is released and it begins 
expanding to a partially folded con?guration as shoWn in 
FIG. 4B. FIG. 4C shoWs the segment 23 completely 
expanded. After this procedure is completed the same pro 
cedure could be carried out With the segment 22 on a 

separate vessel (not shoWn). 
[0044] In the device 1 as shoWn in FIG. 1 the ?rst segment 
2 and the second segment 3 are connected in a manner such 
that they are parallel to each other. HoWever, as shoWn in 
FIG. 5 the ?rst segment 30 may be positioned at a right 
angle to the second segment 31. As With the embodiment as 
shoWn in FIG. 1 the device 33 shoWn in FIG. 5 has the 
segments 30 and 31 interconnected along the periphery of an 
opening 4. Those skilled in the art Will recogniZe that the 
segments of the device can be interconnected at other places. 
HoWever, interconnection in some manner along or near the 
periphery of the opening is important in order to provide a 
seal betWeen the ?rst and second segments. The device 33 
shoWn in FIG. 5 is also different from the device 1 shoWn 
in FIG. 1 in that the ?rst segment 30 is larger in diameter 
than the second segment 31. This differentiation in the 
diameter of the tWo segments is preferable in situations 
Where the surgeon is interconnecting tWo vessels Which are 
different in diameter. 

[0045] In the embodiment as shoWn in FIG. 5 the ?rst 
segment 30 and second segment 31 are positioned at a 90° 
angle With respect to each other. HoWever, the ?rst and 
second segments can be positioned at any angle relative to 
each other, ie any angle betWeen being directly parallel as 
shoWn in FIG. 1 to being at a right angle or 90° angle as 
shoWn in FIG. 5. Thus, the embodiment of FIG. 1 shoWs the 
?rst segment 2 and second segment 3 positioned at a 0° 
angle. In this position it is sometimes dif?cult to provide the 
necessary access in terms of a required line of sight or 
manual manipulations. Accordingly, offsetting one segment 
relative to the other at some angle (betWeen 0° to 90° or 
more preferably 30° to 90°) visual and manual access are 
improved. In the embodiment of FIG. 5 the ?rst segment 30 
and second segment 31 are directly connected to each other 
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along the periphery of the opening 4. HoWever, as explained 
above With respect to the embodiment of FIG. 1 the ?rst and 
second segments can be interconnected by a channel. The 
channel could be of any length but is preferably 1 cm or less 
in length and has a diameter Which is substantially equal to 
the diameter of the interior Wall of one or both of the vessels 
being connected. 

[0046] The device 33 shoWn in FIG. 5 is also different 
from the prior con?guration shoWn in FIG. 1 in another 
important feature. Speci?cally, the larger ?rst tubular seg 
ment 30 nearly forms a complete cylinder. The edges 34 and 
35 are close to each other compared to those of the device 
shoWn in the con?guration of FIG. 1, Which forms half or 
less than half of a cylinder. The second tubular segment 31 
(FIG. 5) is shoWn in a state Where it initially forms a 
complete cylinder along a separation string or thread 37 
(shoWn along the dashed line 36). When thread 37 is pulled 
the edges of the second tubular segment 31 separate causing 
the tubular segment to form a partial cylinder as is shoWn 
With the ?rst tubular segment 30. Thus, the second tubular 
segment 31 is shoWn in its original state Wherein the ?rst 
tubular segment 30 is shoWn in a state after the separation 
thread 37 has been pulled apart. Once the separation thread 
37 has been pulled apart and the edges are separated from 
each other, the cylinder expands radially outWardly to con 
form to the interior Walls of the vessel. Thus, the device is 
?rst inserted into the vessels and then the separation thread 
37 in each tubular segment is pulled apart alloWing the edges 
to separate and the partial cylinder to expand and apply force 
against the interior Walls of the vessel. In this manner the 
device is securely held in place and the ?uid ?oW Within the 
vessel is not obstructed by the device. 

[0047] In describing the device of the present invention 
the terminology “conforms” or “conforms to” and the like is 
used to refer to the outer surface area of each segment of the 
device. What is intended by this terminology is that the 
device is designed to sufficiently conform and seal the 
interior Walls of the vessel When it is placed Within. As 
indicated above each segment of the device may be planar 
in con?guration and bent into a curved cylindrical portion 
during insertion into a vessel. Once the segment is inserted 
and released, and the segment attempts to resume its original 
con?guration and by doing so it conforms substantially to 
the interior Walls of the vessel. 

[0048] The embodiment shoWn in FIG. 5 shoWs the 
application of a thread 37 for separating the edges of a 
tubular segment and conforming to the interior Walls of the 
vessel. Other embodiments edge separation and conforming 
embodiments of the invention are possible. For example, 
both segments or portions of the device shoWn in FIG. 5 
could be separated providing edges such as the edges 34 and 
35 shoWn in the ?rst segment 30. A thread could be tied 
around the ?rst segment 30 forcing the edges 34 and 35 
together or even forcing them to overlap each other. There 
after the segment 30 is placed Within the vessel and the 
thread is removed. After the thread is removed the segment 
30 attempts to resume its original con?guration and the outer 
surfaces of the segment 30 force themselves against the 
inner surfaces of the vessel and thereby conform to the 
interior Wall of the vessel. Other means of constricting the 
diameter of each segment or portion prior to insertion and 
thereafter alloWing that segment or portion to relax and 
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attempt to reassume its original con?guration are contem 
plated by the present invention. 

Material 

[0049] The materials used may be bioresrobable, such as 
degradable hydrogels, lactides/glycolides or PHAs. A metal 
mesh With the appropriate geometrical features, sinusoidal 
and circular, and cross patterns to provide adequate ?exibil 
ity may be appropriate in certain circumstances; nitinol (a 
super elastic nickel titanium alloy) or stainless steel can be 
used. Non resorbable polymers and elastomers such as 
silicones, ?uoropolymers, polyolephins or polyurethanes 
might also be used. 

[0050] Those skilled in the art Will recogniZe that certain 
materials are preferred in connection With certain uses of the 
invention. In general the material should be comprised of 
one or more compounds Which are biocompatible and non 
toxic to the vessels into Which they are inserted. In general 
the device is used for connecting vessels of the cardiovas 
cular system and therefore should be comprised of a material 
Which provides a high degree of hemocompatibility. The 
material should not prevent groWth of a neW intima layer. 
The material used in the construction of the invented device 
should be designed to have thickness and properties appro 
priate for the stiffness and ?exibility of the vessel into Which 
the device is inserted. It should be noted that artery Walls 
continuously dilate and contract due to the systole and 
diastole of the heart. If the device is too rigid the device can 
cause irritation and injury to the intima layer of the vessel. 
Accordingly, the device should be designed to avoid any 
in?ammatory response or immune response that has adverse 
consequences. In addition to having the desired degree of 
?exibility and composition the device should be designed so 
that it does not present protrusions or disruptions to the ?oW 
of material through the vessels Which are being connected 
by the device. Interruption of ?oW can cause clots to form 
Which could in certain circumstances be fatal to the patient. 

[0051] In a preferred embodiment the device of the inven 
tion is bioresorbable material and it may be comprised of all 
or any of the folloWing materials: Collagen, Polycaprolac 
tone, Poly(glycolic acid), PLLA, Poly(3-hydroxybutric 
acid), Poly(dl-lactic acid), Poly(l-lactic acid), Poly(dl-lac 
tide/glycolide) 50:50, Poly(hydroxyvalerate), Poly(hy 
droxyvarelate-co-hydroxybutyrate), or other PHAs. Further, 
see the materials disclosed and described in Us. Pat. No. 
5,056,211 as Well as patents and publications cited therein. 

[0052] It is also possible to produce a device Which is 
comprised of metal or has a metal mesh substructure coated 
With a polymer or bioabsorbable material. When the device 
is comprised of metal or includes metal components the 
metal must be suf?ciently ?exible to provide the desired 
degree of ?exibility in the vessels it is used in. The geo 
metric pattern of the metal Within the device may be 
important to obtaining preferred results and may be a 
sinusoidal or circular metal substructure. The device may be 
comprised of surgical grade stainless steel or nitinol Which 
has useful superelastic properties. Polymers may be used not 
only to coat metals but to produce the entire device. Non 
resorbable polymers and eslastomer materials such as sili 
cone or ?uropolymers can be produced in the desired siZe, 
shape and ?exibility. 

[0053] Any or all of the different materials can be coated 
With a desired compound or drug. The device blood con 
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tacting surface may be lined With endothelial cells. These 
cells may be cells extracted from the patient the device is 
being placed in or from a tissue culture of such cells from 
another patient. Further, the materials may be embedded 
With any desired compound or drug Which provides desired 
properties to the device. Useful coatings include drugs such 
as heparin Which may be used alone or in combination With 
hydrogels or hydrophilic compounds. Any anticoagulant 
compound may be extremely useful as a coating on devices 
inserted into the vessels of the cardiovascular system. Com 
pounds such as Taxol may be a useful compound for coating 
or embedding Within materials of a device of the invention. 

[0054] A device of the invention may be comprised of any 
material that is appropriate for localiZed delivery of various 
compounds including compounds such as antiplatelet 
agents, calcium agonists, antiin?ammatory compounds, 
antiproleferative drugs, hypollpidemic agents, and angio 
genic factors. The device may be comprised such that all or 
any of these compounds are coated on the surface of the 
material, embedded Within it or incorporated Within a cham 
ber (not shoWn) of the device so that the compound is 
released in a metered fashion from the device to the area 
surrounding the anastomosis. 

Delivery Sheaths 

[0055] The device of the invention in any of its embodi 
ments may be inserted Without the use of special surgical 
tools. Speci?cally, the device may be inserted using the 
surgeon’s ?ngers alone or in combination With other surgical 
equipment normally used When operating on a patient. In 
certain situations it may be desirable to provide the device 
of the invention using a catheter or surgical dispenser 
through Which the device is moved and inserted. FIG. 6 
Which includes FIGS. 6A, 6B and 6C is a simple represen 
tation of hoW the device can be inserted using a surgical 
dispenser for bypass surgery With direct access to the heart. 

[0056] The device such as the device shoWn in FIGS. 1, 
3 or 5 as Well as any alternative embodiment of these Will be 
referred to as the device 1 as shoWn in FIG. 6A. The device 
1 is placed Within the delivery sheath 40. Because the device 
is ?exible, it can be compacted to a relatively small shape. 
After being placed in the delivery sheath 40, the push 
plunger 41 is used to force the device 1 through the delivery 
sheath 40. The end 42 of the delivery sheath 40 is preferably 
?rst placed Within an opening of a vessel. After being placed 
in that opening the push plunger 41 is used to force the ?rst 
segment 2 of the device 1 out of the delivery sheath 40 as 
shoWn in FIG. 6B. Thereafter, the end 42 of the device is 
WithdraWn from the opening, of the ?rst vessel and placed 
in the vicinity of an opening of a second vessel. At this point, 
the plunger 41 is forced forWard until the second segment 3 
of the device 1 is extruded from the delivery sheath 40. The 
surgeon may ease the insertion by manipulating the vessels 
and the device 1 for optimum placement. At this point, the 
device 1 is in place interconnecting tWo vessels (See FIG. 
2). 
[0057] For a less invasive approach, a catheter and a 
guideWire delivery system can be used as is shoWn in FIG. 
7A, 7B, 7C, 7D and 7E. The device 1 is delivered by the 
catheter through the graft vessel 47. In this embodiment the 
device 1 is placed Within the delivery sheath 40 in a manner 
such that guideWire 45 is led through the opening 4 (see 
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FIG. 1) of the device. The guideWire 45 is then inserted 
Within an opening 46 of a graft vessel 47. At this point, the 
push plunger 41 is used to force the device 1 forward toward 
the opening 46 as is shoWn in FIG. 7B. The guideWire then 
leads the catheter into an opening 48 of a native native vessel 
49 as shoWn in FIG. 7B. The device 1 as shoWn in FIG. 7B 
is noW in position for insertion into the opening 48 of the 
native vessel 49. The push plunger 41 is then moved forWard 
as shoWn in FIG. 7C. This causes the ?rst segment 2 of the 
device 1 to be inserted into the opening 48 of the native 
vessel 49. Upon being inserted into opening 48, the ?rst 
segment 2 eXpands into its original shape. When this is 
completed, the delivery sheath 40 is positioned relative to 
the opening 46 of the graft vessel 47 and the push plunger 
41 is moved forWard to force the second segment 3 of the 
device 1 out of the delivery sheath 40. The second segment 
3 also eXpands into its original shape upon being forced out 
of the delivery sheath 40. When this is accomplished the 
result is shoWn in FIG. 7D. At this point the device 1 is 
completely inserted and the vessels 47 and 49 are intercon 
nected by the opening 4 of the device 1. Thereafter the 
delivery sheath 40, push plunger 41 and guideWire 45 may 
be WithdraWn completely from the patient. 

[0058] One aspect of the invention is a device such as the 
device 1 of FIG. 1 or device 33 of FIG. 5 loaded into a 
catheter delivery system of the type shoWn in FIGS. 7A-7E. 
The device 1 is loaded into the delivery sheath 40 so that the 
guideWire 45 goes through the opening 4. The combination 
of the device 1 and delivery sheath 40 can be conveniently 
sold as a unit for performing an anastomosis. Such a 
combination product provides the surgeon With a device 
properly matched in siZe With an insertion catheter. 

[0059] Another embodiment of the catheter insertion pro 
cedure is shoWn in FIGS. 8A, 8B and 8C. In this embodi 
ment the device 1 is delivered using a catheter through the 
native vessel 49. Speci?cally, the delivery sheath 40 has the 
device 1 loaded Within it. The device 1 is loaded into the 
delivery sheath 40 in a manner such that the guideWire 45 
goes through the opening 4 of the device 1. Further, the push 
plunger 41 is positioned Within the delivery sheath 40. The 
end of the delivery sheath 40 is placed Within the native 
vessel 49 and the guideWire 45 is moved through the native 
vessel 49 and out of the opening 48 of the native vessel 49 
as shoWn Within FIG. 8A. Thereafter, the catheter is moved 
forWard and the guideWire 45 is moved into the opening 46 
of the graft vessel 47 (see FIG. 8B). Thereafter, the push 
plunger 41 is moved forWard so that the device 1 forced out 
of the catheter 40. The ?rst segment 3 of the device 1 enters 
the opening 46 of the graft vessel 47 and the second segment 
2 of the device 1 remains Within the native vessel 49 (see 
FIG. 8C). 

[0060] After insertion and completion of the anastomosis 
the free end of the vessel 47 is tied off in a manner as shoWn 
Within FIG. 2. It may be necessary to further eXpand the 
device by the use of a balloon catheter not very differently 
than a post dilatation of an angioplasty stent. This may help 
fully eXpand the device and enhance the sealing and con 
necting properties of the device. It may also be necessary to 
utiliZe stay sutures to stabiliZe the graft near the heart. These 
sutures are placed through fat or tissue surrounding the 
vessel in order to provide additional stability to the anasto 
mosis. This is normally done When grafting the internal 
mammary artery to the coronaries but may be necessary for 
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all anastomosis using this device in order to prevent the 
vessels 49 and 47 from being inadvertently separated from 
each other. 

Stopped Heart/Beating Heart 

[0061] The device of the present invention can be used to 
interconnect vessels or more speci?cally complete an anas 
tomosis While the patient’s heart is beating or after the 
patient’s heart has been stopped. Beating heart procedures 
can be carried out by making a variety of different types of 
initial incisions Which could include a sternotomy Where the 
patient’s sternum is bisected or by making smaller incisions 
and utiliZing minimally invasive surgical devices and meth 
ods (see Benetti, F. in US. Pat. No. 5,888,247). After the 
necessary incisions are made the heart is stabiliZed using a 
stabiliZer device. Thereafter the device of the invention is 
inserted by one or more different means described herein. 
Speci?cally, the ?rst segment of a ?exible device is inserted 
by bending the device and moving it into an opening in a ?rst 
vessel. After bending the device and inserting it Within the 
vessel it is released and the ?rst segment of the device 
resumes its original con?guration Where the device con 
forms to an inner circumference of the ?rst vessel. The ?rst 
segment of the device includes an opening and is connected 
to a second segment of the device along the periphery of that 
opening. The second segment of the device is then bent and 
moved into an opening of a second vessel. Thereafter the 
device is released and it resumes its original con?guration 
and conforms to the interior Wall of the second vessel. 

[0062] The device can also be used in a stopped heart 
situation. Many of the different types of initial incisions 
mentioned above or others can be used to access the 
patient’s chest cavity. A suitable graft vessel is harvested 
from the patient. Thereafter the patient’s heart is stopped 
using a suitable cardioplegia. Thereafter, the steps referred 
to above With respect to insertion of the device are carried 
out. Although the present invention can be used in connec 
tion With a stopped heart procedure one of the advantages of 
the present invention is the ease of manipulation of the 
device in order to carry out an anastomosis. Because of the 
simple ef?cient manner in Which the device of the invention 
can be manipulated and inserted it can generally be carried 
out While the patient’s heart is beating. 

Robotic Assist Intervention 

[0063] The device can be used When robotic assist device 
are utiliZed by the surgical staff. Robotic assist device 
surgery is typically performed by the surgeon through the 
use of robotic arms. The use of the robotic arms scales the 
motion of the surgeon and ?lters out unWanted tremors. This 
alloWs the surgeons to perform the surgery through smaller 
incisions and in more constricted spaces. Examples of such 
systems are the ones marketed by Intuitive Surgical Systems 
as described in US. Pat. No. 5,855,583. 

Surgical Access and Visualization 

[0064] The device and the catheter delivery systems can 
be used during hybrid procedures Where surgical procedures 
are combined With interventional cardiology techniques. 
Such procedure use ?uoroscopy to visualiZe and position the 
catheter delivery systems. The catheter is normally placed 
through femoral or radial access. Direct surgical access to 
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the heart is typically achieved via small incisions in the chest 
or abdomen. A single or multiple trocar ports or a minimally 
invasive small retractor is placed in these incisions. An 
endoscope may be used to aid in visualiZation. 

[0065] The device can also be used in complete percuta 
neous procedures Where no direct access to the heart is 
available to the physicians. 

Stabilizing Device Implantation 

[0066] Each embodiment of the invention is designed in a 
manner such that it does not require additional devices, 
sutures, staples or other materials to hold the device in place. 
Preferably, the ?rst and second segments of the device are 
joined and con?gured in a manner such that once the device 
is in place the segments Will apply suf?cient force against 
the interior Walls of the vessel to securely hold the device in 
place. Furthermore, ?uids ?oWing through the vessels may 
provide additional stabiliZing force for securing the device 
in place Within the vessel. After the device has been held in 
place for signi?cant periods of time, the vessels Will natu 
rally develop a neW intimal layer and fuse. At this point the 
device may no longer be needed and could, if so designed, 
begin dissolving. 
[0067] In certain embodiments and certain situations it 
may be desirable to add additional means of holding the 
device in place. HoWever, the additional means preferably 
include a biocompatible glue. The glue could be applied 
after the device is implanted or placed on the device prior to 
implantation. Any biocompatible glue could also include 
other drugs such as groWth factors that Would aid in causing 
the vessels to groW together in the desired manner. The 
instant invention is shoWn and described herein in What is 
considered to be the most practical, and preferred embodi 
ments. It is recogniZed, hoWever, that departures may be 
made therefrom, Which are Within the scope of the invention, 
and that obvious modi?cations Will occur to one skilled in 
the art upon reading this disclosure. 

What is claimed is: 
1. Adevice for interconnecting vessels Wherein the device 

is insertable Within a vessel through an opening made in a 
vessel, comprising: 

a ?exible segment comprising a ?oW opening therein for 
providing ?uid interconnectivity betWeen the vessel 
and another vessel and having an original con?guration 
and a constricted con?guration, Wherein the segment is 
insertable into the vessel opening When in the con 
stricted con?guration and conforms to and seals With an 
interior Wall of the vessel and provides pressure against 
the interior Wall When in the original con?guration such 
that material Within the vessel is prevented from leak 
ing from the vessel opening. 

2. The device of claim 1 Wherein the ?oW opening is 
centrally located Within the ?exible segment. 

3. The device of claim 1 further comprising a channel 
extending from the ?oW opening. 

4. The device of claim 3 Wherein the channel has a 
diameter substantially equal to the diameter of the vessel or 
of the second vessel. 

5. The device of claim 1 Wherein the ?exible segment is 
siZed to accommodate a Wide range of vessel siZes. 

6. The device of claim 1 Wherein the ?exible segment is 
planar When in the original con?guration. 
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7. The device of claim 1 Wherein the ?exible segment is 
at least partially cylindrical When in the original con?gura 
tion. 

8. The device of claim 7 Wherein the ?exible segment is 
cylindrical When in the original con?guration. 

9. The device of claim 1 Wherein the ?exible segment 
comprises smooth, rounded edges. 

10. The,device of claim 1 Wherein the ?exible segment 
comprises tapered ends. 

11. The device of claim 2 further comprising a tubular 
segment interconnected With the ?exible segment along the 
periphery of the ?oW opening. 

12. The device of claim 11 Wherein the tubular segment 
is positioned relative to the ?exible segment at an angle. 

13. The device of claim 1 Wherein the vessel and the 
second vessel are coronary vessels. 

14. The device of claim 13 Wherein the vessel and the 
second vessel are arteries or veins. 

15. The device of claim 1 Wherein the ?exible segment is 
comprised of a biocompatible material. 

16. The device of claim 15 Wherein the ?exible segment 
is comprised of a bioresorbable material. 

17. The device of claim 15 Wherein the ?exible segment 
is comprised of a biodegradable material 

18. A kit for interconnecting vessels, the kit comprising 
tWo or more devices of claims 1 to 17. 

19. The kit of claim 18, Wherein the tWo or more devices 
have a range of different siZes. 

20. A method for interconnecting ?rst and second vessels 
comprising the steps of: 

providing a ?rst segment comprising a ?oW opening 
therein; 

constricting the ?rst segment; . 

inserting the ?rst segment into an opening made in the 
?rst vessel; and 

releasing the ?rst segment Whereby the ?exible segment 
substantially conforms to and seals With an interior Wall 
of the ?rst vessel. 

21. The method of claim 20 further comprising the steps 
of: 

inserting a second segment into an opening made in the 
second vessel; and 

?uidly interconnecting ?rst and second vessels along the 
periphery of the ?oW opening. 

22. A method for interconnecting ?rst and second vessels 
comprising the steps of: 

providing a ?rst segment comprising a ?oW opening and 
having an original con?guration and a constricted con 
?guration; 

inserting the ?rst segment in a constricted con?guration 
into an opening made in the ?rst vessel; and 

alloWing the ?rst segment to assume the original con?gu 
ration Whereby the ?rst segment applies a force against 
the interior Wall of the ?rst vessel. 

23. The method of claim 22 further comprising the steps 
of: 

inserting a second segment into an opening made in the 
second vessel; and 

?uidly interconnecting ?rst and second vessels along the 
periphery of the ?oW opening. 

* * * * * 


