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DEVICES AND METHODS FOR 
INTERCONNECTING VESSELS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is a continuation-in-part of appli 
cation serial no. PCT/US00/20588 ?led on Jul. 28, 2000; 
Which application is a continuation-in-part of application 
Ser. No. 09/363,309 ?led on Jul. 28, 1999 and application 
Ser. No. 09/363,310 ?led on Jul. 28, 1999, now US. Pat. No. 
6,165,185 issued on Dec. 26, 2000; the disclosures of Which 
are herein incorporated by reference. 

INTRODUCTION 

[0002] 1. Technical Field 

[0003] The ?eld of this invention is anastomosis and 
anastomotic devices. 

[0004] 2. Background of the Invention 

[0005] 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 member of an 
unobstructed vessel and joining it to the occluded vessel 
beloW the point of stenosis. 

[0006] 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 tightly so as to tear the delicate tissue, thereby 
injuring the vessel Which may then result in poor patency of 
the anastomosis. Recently, some surgeons have used staples 
and associated stapling mechanisms and techniques to form 
an anastomosis, but many of the same dif?culties and 
problems have presented themselves. Basically, the tension 
and/or compression forces exerted on the vessel Walls as a 
result of suturing and stapling can result in damage to the 
vessel Wall, even to the extent of causing tissue necrosis. 
Damage to the intima of a vessel is particularly problematic 
as it may inhibit the natural bonding process that occurs 
betWeen the anastomiZed vessels and Which is necessary for 
sufficient patency. Futhermore, damaged vessel Walls are 
likely to have protuberances that When exposed to the 
bloodstream could obstruct blood ?oW or may produce 
turbulence Which can lead to formation of thrombus, steno 
sis and possible occlusion of the artery. 

[0007] As cardiac surgery is moving into less invasive 
procedures, surgical access is being reduced, forcing sur 
geons to Work in constantly smaller surgical ?elds. The 
procedures are made more difficult due to the multiple 
characteristics that are unique to each anastomosis and to 
each patient. For example, the arteries’ internal diameter 
dimensions are dif?cult to predict and the inside Walls are 
often covered With deposits of stenotic plaque Which creates 
the risk of dislodging plaque into the patient’s blood stream 
during the anastomosis procedure. The resulting emboli in 
turn create a greater risk of stroke for the patient. The 
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dislodgement of plaque is most likely to occur When the 
vessel Wall undergoes trauma such as the puncturing, com 
pression and tension exerted on the vessel by suturing and 
stapling. The vessel Walls can also be friable and easy to tear, 
and are often covered With layers of fat and/or are deeply 
seated in the myocardium, adding to the dif?culty of effec 
tively and safely performing conventional anastomotic pro 
cedures. 

[0008] Cardiac surgeons sometimes inadvertently suture 
too loosely, resulting in leakage of ?uid from the anasto 
mosis. In addition to creating a surgical ?eld in Which it is 
dif?cult to see, leakage of ?uid from the anastomosis can 
cause serious drops in blood pressure, acute or chronic. The 
loss of blood may cause other deleterious effects on the 
patient’s hemodynamics that may even endanger the 
patient’s life. In addition, blood loss may induce local scar 
tissue to develop Which often results in further blockage 
Within or damage to the seWn vessel. Furthermore, anasto 
mosing blood vessels may involve risks of physical injury to 
the patient. For example, When performing coronary artery 
bypass graf?ng (CABG) procedures, anastomosis often 
requires manipulation of the heart, so that surgeons may 
access the back of the heart as Well as the front. When done 

on a beating heart, this manipulation may result in hemo 
dynamic compromise possibly subjecting the patient to 
cardiac arrest, particularly during lengthy procedures. In 
“stopped heart” procedures, patients are supported by car 
diopulmonary bypass and, thus, risk post-surgical compli 
cations (e.g., stroke) that vary directly With the duration for 
Which the heart is under cardioplegic arrest. Consequently, 
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. 

[0009] 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, as brie?y mentioned above, it 
is less adequate for use in vascular anastomosis. The manu 
facturing of stapling instruments small enough to be useful 
for anastomosing smaller vessels, such as coronary arteries, 
is very difficult and expensive. As stapling instruments are 
typically made of at least some rigid and ?xed components, 
a stapler of one siZe Will not necessarily Work With multiple 
siZes of vessels. This requires a surgeon to have on hand at 
least several stapling instruments of varying siZes. This may 
signi?cantly raise the cost of the equipment and ultimately 
the cost of the procedure. 

[0010] When 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 success 
fully approximate the vessel tissue. Often stapling or cou 
pling devices require the eversion of the vessel Walls to 
provide intima-to-intima contact betWeen the anastomosed 
vessels. Everting may not alWays be practical especially for 
smaller arteries because of the likelihood of tearing When 
everted. Another factor Which may lead to damage or 
laceration of the vessel and/or leakage at the anastomosis 
site is the variability of the force that a surgeon may use to 
?re a stapling instrument causing the possible over- or 
under-stapling of a vessel. Still other factors include the 
unintended inversion of the vessel edges and the spacing 
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between staple points. Rectifying a poorly stapled anasto 
mosis is itself a complicated, time-consuming process Which 
can further damage a vessel. 

[0011] Accordingly, there is a need for an easier, safer and 
more efficient means for forming anastomotic connections 
Which requires less time and access space than conventional 
anastomotic procedures. 

[0012] 3. Relevant Literature 

[0013] US. patents of interest include: US. Pat. Nos. 
6,113,612; 6,113,611; 6,090,136; 6,068,656; 6,068,637; 
6,063,114; 6,056,762; 6,036,704; 6,036,703; 6,036,702; 
6,030,392; 6,026,814; 6,007,576; 6,007,544; 6,001,123; 
5,961,545; 5,948,018; 5,921,995; 5,916,226; 5,904,697; and 
4,214,586. Also of interest are the following PCT publica 
tions: WO 00/24339; WO 99/65409; WO 99/48427; WO 
99/45852; WO 99/08603; WO 98/52474; WO 98/40036; 
WO 97/31591 and WO 97/31590. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0014] FIG. 1 is a perspective vieW of a simple side-to 
side embodiment of the invention Where tWo partial cylin 
drical segments are interconnected along the periphery of an 
opening; 
[0015] FIG. 2 shoWs the embodiment of FIG. 1 inserted 
Within tWo vessels thereby interconnecting those vessels; 

[0016] FIG. 3 shoWs an alternative side-to-side embodi 
ment 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; 

[0017] FIG. 4 includes FIGS. 4A, 4B and 4C all of Which 
shoW a alternative side-to-side embodiment of the invention 
With 

[0018] FIG. 4A shoWing a ?rst segment of the device in 
a completely folded form being inserted Within an opening 
in a vessel, 

[0019] FIG. 4B shoWing the ?rst segment partially 
unfolded and further inserted Within the vessel and 

[0020] FIG. 4C shoWing the ?rst segment completely 
unfolded and completely inserted Within the vessel; 

[0021] FIG. 5 shoWs an alternative side-to-side embodi 
ment 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; 

[0022] FIG. 6 includes FIGS. 6A, 6B and 6C each of 
Which shoW an alternative side-to-side embodiment of the 
invention being delivered by a surgical dispenser and 
inserted into a vessel With 

[0023] FIG. 6A shoWing the device almost completely 
inserted Within the surgical dispenser lumen, 

[0024] FIG. 6B shoWing the device partially extruded 
from the surgical dispenser lumen and 

[0025] FIG. 6C shoWing the device completely extruded; 

[0026] FIG. 7 includes FIGS. 7A, 7B, 7C, 7D and 7E 
each of Which shoW a step of putting of an alternative 
side-to-side embodiment of the invention in place using a 
catheter and guideWire With 
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[0027] FIG. 7A shoWing the device Within the catheter 
and a guideWire in place, 

[0028] FIG. 7B shoWing the device moved toWard the 
opening in the vessel guided by the guideWire, 

[0029] 
[0030] FIG. 7D shoWing the device completely inserted 
into tWo vessels thereby interconnecting those vessels and 

[0031] FIG. 7E shoWing the catheter WithdraWn; 

[0032] 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 

[0033] 
[0034] FIG. 8B shoWing a guideWire inserted in the vessel 
opening and 

[0035] FIG. 8C shoWing the device in place; 

[0036] FIG. 9 illustrates another side-to-side embodiment 
of the invention having a How channel extending betWeen 
the tWo segments; 

[0037] FIG. 10 illustrates another side-to-side embodi 
ment of the invention having a tWo-piece con?guration 
Which pieces are connectable With each other for forming a 
?uid-tight ?oW channel betWeen the tWo segments; 

[0038] FIG. 11 includes FIGS. 11A and 11B Which 
illustrate yet another side-to-side embodiment of the inven 
tion having segments With a rivet-type con?guration. 

[0039] FIG. 11B shoWs the device having one of its 
segments operatively positioned Within a vessel; 

[0040] FIG. 12 includes FIGS. 12A and 12B Which shoW 
an end-to-side embodiment of the invention. 

[0041] FIG. 12B is a partial cut-aWay vieW of the tubular 
member of the device operatively positioned Within a vessel; 

[0042] FIG. 13 shoWs another end-to-side embodiment 
having a tWo-piece con?guration Which pieces are connect 
able With each other for forming a ?uid-tight seal betWeen 
the segment and the tubular member; 

[0043] FIG. 14 illustrates another embodiment of a seg 
ment of the invention; and 

[0044] FIG. 15 includes FIGS. 15A, 15B and 15C Which 
illustrate various exemplary end-to-side embodiments of the 
invention Wherein the respective tubular members have 
varying con?gurations and are at varying angles to their 
respective segments. 

FIG. 7C shoWing the device partially inserted, 

FIG. 8A shoWing the device in the catheter, 

SUMMARY OF THE INVENTION 

[0045] The present invention provides implantable 
devices and associated methods for interconnecting human 
vessels, lumens, ducts or other tubular organs rapidly, safely 
and in a minimally invasive manner. These device and 
methods are particularly helpful in surgical procedures 
involving small vessels or the like Within a limited surgical 
access ?eld, such as coronary artery bypass graft procedures 
(CABG). A CABG procedure involves the establishment of 
an alternate blood supply path to bypass a diseased section 
of a coronary artery. With the present invention, an implant 
able device is positioned Within a target vessel, such as 
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downstream of a diseased coronary artery, Which allows the 
attachment of a second, graft vessel to form the anastomosis. 
The procedure for attaching the vessels is called anastomo 
sis. 

[0046] The subject invention provides devices and meth 
ods for forming both side-to-side and end-to-side anasto 
mosis. A side-to-side anastomosis procedure involves the 
attachment of tWo vessels at incised locations (e.g., arteri 
otomies) Within a side Wall of each of the vessels. An 
end-to-side anastomosis procedure involves the attachment 
of tWo vessels at an incised location Within a side Wall of one 
of the vessels and at the transected end of the other vessel. 

[0047] Common to all of the devices of the present inven 
tion is the presence of at least one ?exible member, herein 
also referred to as a ?rst segment in the form of a sheet, 
membrane or ?ange. The ?exible member is adapted to 
conform to and seal With an inner surface or circumference 
of a vessel into Which it is delivered. Furthermore, the 
?exible member is adapted to utiliZe the internal vessel 
pressure exerted thereon to form a substantially ?uid-tight 
seal With the inner surface of the conduit Whereby sub 
stances Within the vessel are prevented from leaking from 
the arti?cial opening under normal physiological conditions. 

[0048] More particularly, the ?exible member has ?rst and 
second surfaces. The ?rst surface, herein also referred to as 
the lumen-facing surface, is adapted to utiliZe the internal 
conduit pressure exerted thereon to form a substantially 
?uid-tight seal betWeen the second surface and an inner 
surface of the conduit. The second surface, herein also 
referred to as the contact surface, is adapted to contact and 
form a substantially ?uid-tight seal With an inner Wall or 
circumference of the vessel. Thus, upon deployment of the 
?exible member into a vessel, the member conforms to the 
interior Walls of the vessel to provide a sealing contact along 
the second surface and suf?cient physical stability to the 
device to prevent displacement from the vessel. Moreover, 
the substantially ?uid-tight seal is formed Without compress 
ing, tensioning or puncturing the vessel Wall. 

[0049] The side-to-side anastomotic devices of the subject 
invention include both a ?rst segment and a second segment 
connected by a ?oW opening along the periphery of the tWo 
connected segments. The ?rst and second segments are 
sufficiently ?exible and compliant, as Well as suf?ciently 
stiff, for easy insertion into an incision made Within each 
vessel. Upon release, each segment subsequently conforms 
to the interior Walls of a conduit to provide a sealing contact 
along the contact surface of the segment. Once deployed 
Within the conduits, the sealing contact and stiffness prop 
erties of the segments provide suf?cient physical stability to 
the device to prevent displacement from the respective 
vessels. The ?oW opening provides a pathWay through 
Which ?uid can be transported betWeen anastomosed con 
duits. More speci?cally, the ?oW opening provides a loca 
tion of permanent connection betWeen the tWo segments of 
the anastomosis device and, thus, establishes ?uid commu 
nication betWeen the vessels connected by the implanted 
device. 

[0050] The end-to-side anastomotic devices of the subject 
invention include a ?rst segment as described above posi 
tioned at one end of a tubular member, Where the tubular 
member and the ?rst segment are connected by a ?oW 
opening analogous to that found in the side-to-side device of 
the present invention. The ?rst segment of the end-to-side 
device has the same or similar properties and advantages as 
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described above With respect to the segments of the side 
to-side device. The tubular member may be normal to, or 
positioned at an angle relative to, the surface of the ?rst 
segment. 

[0051] The segments of the subject devices constrictable 
(such as by bending or folding) to a siZe suf?cient to ?t 
through the arti?cial opening and are expandable to be 
securely and permanently self-retained Within the vessel 
upon implantation. The segments comprise relatively thin 
Walls, thus minimally interfering With ?uid ?oW Within the 
interconnected vessels. The intravascular pressure against 
the underside of the segment secures the segment against the 
inside vessel Wall thereby preventing leakage from the 
anastomosis site. Additionally, the con?guration of the seg 
ments is such that it provides an element of passive force 
When deployed Within the vessel so as to pull the tWo vessels 
together for better sealing and healing of the vessel Walls. 
The selection of materials for making the implantable 
devices of the present invention is also important for the 
devices to achieve their intended purposes. In addition to 
being adequately biocompatible, the material(s) have appro 
priate mechanical properties for facilitating insertion, reten 
tion and sealing of the segments Within the vessels. Addi 
tionally, the biocompatible devices may be made of any 
suitable bioresorbable and/or biodegradable materials, as 
Well as autologous, allo- and xeno-graft biomaterials. 

[0052] The implantable devices of the present invention 
are preferably in the form of a single-component unit but 
may be comprised of tWo (and possibly more) connectable 
components or pieces. The devices may be inserted or 
implanted using surgical tools or alternatively using a cath 
eter designed speci?cally for the less invasive placement and 
release of the device Within the vessels for interconnection 
thereof. The present invention may be provided in an 
assortment of siZes, shapes, con?gurations, etc. in order to 
interconnect vessels of various siZes, shapes and orienta 
tions. Also, the device(s) may be provided as a component 
of a kit along With other accessory components such as 
instruments for making an incision or arteriotomy in a vessel 
to be anastomosed, for siZing or measuring the vessels for 
determining the proper siZe of the device to be implanted, 
for siZing the intravascular segment, and for inserting the 
device into a vessel. These accessory instruments may 
perform one or more of the above functions either simulta 
neously or successively during the procedure. For example, 
an instrument capable of creating an arteriotomy may also 
be con?gured to successively insert an anastomosis device 
of the present invention into that arteriotomy. Preferably, the 
successive steps may be accomplished in a singular action or 
one ?uid motion of the instrument. 

[0053] The implantable devices may be used to join any 
tWo (or more) vessels together such that ?uid communica 
tion is established betWeen the lumens of the tWo joined 
vessels, Where representative types of vessels include, but 
are not limited to, vascular vessels and other vessels of the 
body, Where one of the vessels may be a synthetic vessel or 
graft vessel from a donor, e.g., autograft or allograft. While 
the speci?c embodiments described herein illustrate devices 
for joining only tWo vessels, those skilled in the art can 
appreciate that embodiments for joining three, or possibly 
four or more, vessels are possible under the present inven 
tion. 
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[0054] As mentioned above, the implantable device, and 
the associated implant methods, are particularly applicable 
for performing anastomosis surgery for grafting tWo juxta 
posed cardiac vessels or for grafting a native vessel to one 
or more natural or synthetic graft vessels. The CABG 
surgery may be performed on either a stopped or a beating 
heart. In many embodiments of interest, the subject devices 
and methods are employed in distal anastomosis applica 
tions, although other anastomosis applications are also of 
interest, e.g., proximal, etc. 

[0055] 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 How of material through the vessel 
after insertion. 

[0056] Another object of the invention is to provide for a 
method of quickly and ef?ciently performing an anastomo 
sis. 

[0057] Another object of the present invention is to pro 
vide anastomotic devices and methods Which avoid punc 
turing of a vessel and Which avoid or minimiZe tension and 
compression forces at the site of the anastomosis. 

[0058] Another object of the present invention is to pro 
vide an anastomotic device Whose primary means of sealing 
to the vessel is by the device’s ability to conform to the 
inside vessel Wall and then by the intravascular pressures 
against the device caused by How Within the vessel. 

[0059] Yet another object of the present invention is to 
provide anastomotic devices and methods Which minimiZe 
the risk of creating emboli While performing an anastomosis 
procedure. 

[0060] An advantage of the invention is that the method 
can be readily performed because the device is small, 
?exible and easily manipulated. 

[0061] A feature of the invention is that it can be com 
prised of a variety of materials. 

[0062] Another feature of the invention is that the device 
is ?exible and readily conforms to the inside Wall of the 
native vessels to minimiZe irritation to the endothelial cells 
of the vessel Wall. 

[0063] Another feature of the device is that the surface 
contact area of the device to the vessel Wall is minimiZed to 
reduce unWanted biological responses to the implant. 

[0064] Another feature of the invention is that one device 
can be used to accommodate a Wide range of different siZe 
vessels. 

[0065] 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 useful for insertion into a Wider range 
of vessel siZes. 

[0066] Another feature of the invention is that the device 
can be sold as a kit containing the means to siZe the 
intravascular segment for insertion into a range of vessel 
siZes. 

[0067] Another feature of the invention is that the intralu 
minal pressure provides a sealing force on the implanted 
device to prevent leakage at the anastomosis site. 
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[0068] An aspect of the invention is a side-to-side anas 
tomotic device comprised of a ?rst segment connected to a 
second segment along the periphery of an interconnecting 
opening. 
[0069] Another aspect of the invention is an end-to-side 
anastomotic device comprised of a ?rst segment connected 
to a tubular member along the periphery of an interconnect 
ing opening. 
[0070] Another aspect of the invention is that the device 
can be loaded into a catheter delivery system. 

[0071] Another aspect of the invention is that the device 
can be loaded into a surgical delivery dispenser. 

[0072] Another aspect of the invention is that it facilitates 
the application of adhesive. 

[0073] Another aspect of the invention is that it can be 
inserted using robotic assist devices (US. Pat. No. 5,855, 
583). 
[0074] 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. 

[0075] 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. 

[0076] 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 SPECIFIC 
EMBODIMENTS 

[0077] As summariZed above, the subject invention pro 
vides implantable anastomotic devices and methods for 
using the same. The subject devices are characteriZed by 
having at least one segment, a “?rst segment,” that, upon 
deployment in a vessel, conforms to the inner surface of the 
vessel Wall in a manner such that a sealing relationship is 
produced betWeen the implanted device and the vessel Wall. 
This sealing relationship is passive in that no other mechani 
cal (e.g., staples, sutures, etc.) or adhesive (e.g., a biological 
glue) means is used or is necessary to be used for maintain 
ing the sealed engagement of this ?rst segment. Instead, the 
sealing engagement is caused primarily by the ability of the 
device to conform Within and to the vessel Wall and to be 
retained in that sealing relationship by means of the pressure 
Within the vessel. 

[0078] Both side-to-side and end-to-side anastomotic 
devices are provided by the subject invention. Also provided 
are kits for use in performing anastomotic procedures, 
including both side-to-side and end-to-side anastomotic pro 
cedures. In further describing the subject invention, the 
devices themselves are ?rst described in greater detail, 
folloWed by a revieW of various representative anastomotic 
protocols in Which the devices may be employed and a 
further elaboration on the kits of the subject invention. 
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[0079] Before the present invention, devices and methods 
used therein are disclosed and described, it is to be under 
stood that this invention is not limited to the particular 
components, devices or steps illustrated and discussed, as 
such may, of course, vary. For example, the devices of the 
invention and use of these devices is primarily described in 
the context of CABG procedures; hoWever, the invention is 
useful for many other medical procedures for the connection 
of other natural and synthetic lumens and organs. Some of 
these other procedures include general vascular reconstruc 
tion and cerebral spinal ?uid shunting for the treatment of 
hydrocephalus. It is also to be understood that the terminol 
ogy 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. 

[0080] 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. 

[0081] 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, 
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. 

[0082] Anastomotic Devices 

[0083] As summariZed above, the subject anastomotic 
devices, for both side-to-side and end-to-side applications, 
are all characteriZed as having at least one segment (a “?rst 
segment”) that, upon deployment in a vessel, conforms to 
the interior Walls of the vessel to provide a sealing contact 
along the contact surface of the segment inserted Within the 
vessel. By “sealing contact” it is meant that the area of 
contact produces a barrier that is substantially impervious to 
?uid ?oW, such that ?uid does not ?oW across the border 
de?ned by the area of the contact. 

[0084] In certain embodiments, at least a portion of the 
segment is comprised of a ?exible, compliant material to 
enhance conformity of the segment to the vessel Wall. The 
compliant material may take the form of a membrane or 
?ange, or a plurality of membranes or ?ange elements Which 
can be easily constricted for ease of insertion but Which have 
a natural tendency to return to an unconstricted (i.e., an 
unfolded or unbent) con?guration to readily seal to and 
conform With the inside vessel Wall. In some embodiments, 
this tendency provides a spring-like force that assists in 
securing the ?anges to the vessel Wall. When operatively 
placed, the membrane(s) or ?ange(s) are caused to press 
against at least a portion of the inside Wall of the target 
vessel primarily by the pressure Within the target vessel, for 
example, by the intravascular blood pressure in the context 
of a CABG procedure. Thus, the contact and conformation 
of the segment or a ?ange portion thereof to the vessel Wall 
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is accomplished passively, preferably Without the additional 
use of adhesive (e.g., biologic glue) means or means Which 
penetrate and compress the vessel Wall (e.g. staples or 
sutures). 
[0085] The con?guration and dimensions of the ?exible 
segments of the subject devices are important for the devices 
to accomplish their intended purposes. More speci?cally, 
each segment has a thickness(es), surface area, length and 
Width (or diameter) dimensions for optimiZing insertability 
of the segment into the vessel, maximiZing the sealability of 
the segment to the vessel Wall, minimally interfering With 
?uid ?oW Within the interconnected vessels and maximiZing 
the tensile strength of the device to retain itself (i.e., “self 
retaining”) Within the vessel under a range of likely physi 
ological conditions Without the need for an ancillary ?xation 
or retention device or component. 

[0086] The segments comprise relatively thin-Walls, thus 
minimally interfering With ?uid ?oW Within the intercon 
nected vessels. A segment may have one continuous thick 
ness or may have varying thicknesses throughout its struc 
ture. In either case, the segments have optimal thicknesses 
such that segments are suf?ciently compliant and ?exible so 
as to be compressible for insertion into a vessel, While being 
suf?ciently rigid to facilitate insertion Without the segment 
folding on itself or becoming kinked or otherWise mechani 
cally damaged upon entry into the vessel. 

[0087] The thickness as Well as the surface area of a 
segment are also optimiZed for providing sufficient physical 
stability so that the segment remains securely positioned 
Within the vessel particularly When subject to internal forces 
(e.g., an increase in a patient’s blood pressure either during 
or after surgery) and/or external forces (e.g., the tugging and 
pulling that are likely to result from manipulation of the 
device during the anastomosis procedure or by the normal 
beating of the patient’s heart after the procedure). 

[0088] Still further, the thickness and surface area of the 
segments are such that, When operatively used, cause the 
segment(s) to provide an element of passive force that can 
pull the tWo anastomiZed vessels together. More speci?cally, 
the pressure against the Wall created by the intravascular 
?uid ?oW or blood pressure, Which is typically in the range 
from about 60 to 180 mm of Hg under normal conditions, 
secures each segment in a sealing engagement against the 
inside vessel Wall. This sealing engagement holds the indi 
vidual segments in a stable and permanent position Within 
the vessel. The sealing engagement also prevents the leakage 
of ?uid from the incision or arteriotomy Within the vessel 
Wall during the implantation of the device, as Well as from 
the resulting anastomotic site after completion of the anas 
tomosis procedure. The stable and leak-free positioning of 
the device enables the vessels, and more particularly their 
respective incised edges, to be accurately appositioned With 
respect to each other, thereby facilitating the natural tissue 
bonding betWeen the tWo, preferably Without the use or With 
minimal use of other mechanical or adhesive means. 

[0089] As described beloW in greater detail, the segments 
of the present invention may have a variety of different 
con?gurations, thickness(es), surface areas, lengths and 
Widths (or diameters). For example, useful con?gurations 
include, but are not limited to, partial (see FIGS. 1, 2, 5, 
7A-E, 9 and 10) and full cylinders (see FIG. 3), or generally 
planar con?gurations having circular (see FIGS. 6A-C and 
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llA-B), elliptical (see FIGS. 12A and 15A-C), stared, 
pedaled or rectangular shapes, or combinations of these 
con?gurations (e.g., see FIG. 9 shoWing a segment having 
a generally planar rectangular shape Which is conformable 
into a partial cylinder). Generally, the siZe and shape of the 
segments of the present invention are dependent on the siZe 
(i.e., the circumference or diameter) and shape of the bodily 
lumen into Which it is to be used. For example, larger 
segments may be preferable When performing a proximal 
anastomosis to an aorta, or When anastomosing peripheral 
(e.g., in the leg) or abdominal vessels While smaller seg 
ments are more appropriate for coronary arteries and veins. 
Also, the length or Width (or diameter) dimensions or both, 
may be dictated by the length of the incision or arteriotomy 
Within the lumen or vessel into Which the segment is to be 
placed. 
[0090] In side-to-side embodiments of the device, the ?oW 
opening betWeen the segments Which establishes ?uid com 
munication betWeen the tWo may also have varying shapes 
and siZes according to the siZe of the arteriotomy and the 
application in Which it is being used. The length of the ?oW 
opening (i.e., the distance betWeen the tWo segments), may 
also vary depending on the distance betWeen the vessels’ 
respective attachment points. In some embodiments, Where 
the outer surfaces of the segments are close enough to touch 
each other, the ?oW opening for each of the segments is 
necessarily one and the same (see FIGS. 1, 3, 4A-C, 5, 6A-C 
and 7A-E). Other embodiments have ?oW openings that 
de?ne a tubular pathWay or channel betWeen the segments 
(see FIGS. 9, 10 and llA-B). The ?oW opening betWeen 
segments is con?gured to minimiZe disturbances to the ?uid 
?oW such as turbulence or no-?oW regions. 

[0091] Both side-to-side and end-to-side anastomotic 
devices are provided by the subject invention and are noW 
separately described in greater detail beloW. 

[0092] Side-to-Side Anastomotic Devices 

[0093] The side-to-side anastomotic devices of the subject 
invention include a ?rst segment and a second segment 
connected by a ?oW opening along the periphery of the tWo 
connected segments or by a ?oW channel extending betWeen 
the respective ?oW openings. The ?rst and second segments 
are ?exible and compliant for easy insertion into an incision 
made Within each vessel. Upon release, each segment sub 
sequently conforms to the interior Walls of a vessel to 
provide a sealing contact along the contact surface of the 
segment inserted Within the vessel. Preferably, the features 
mentioned above With respect to the ?rst segment also apply 
to the second segment of the side-to-side embodiments of 
the present invention. The ?oW opening/channel provides a 
permanent connection betWeen the tWo segments and ?uid 
communication betWeen the vessels connected by the 
implanted device. 

[0094] 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 
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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. In 
their unconstricted, unfolded or unbent states, segments 2 
and 3 each have a generally planar con?guration but may, 
hoWever, have other than planar con?gurations (e.g., cylin 
drical) in an unconstricted state. 

[0095] The device 1 as shoWn in FIG. 1 is shoWn inserted 
into vessels 9 and 10 in FIG. 2. Depending on the particular 
con?guration 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, either manually or by the aid 
of an insertion tool, 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. Once 
properly seated Within the vessel, each segment is released 
from its constricted state and alloWed to deploy Whereby the 
respective ends unfold or expand and move against and 
conform to the inside vessel Wall thereby establishing a ?uid 
pathWay betWeen the vessels via the center of opening 4. 
Thus, a side-to-side interconnection of vessels 9 and 10 is 
completed. 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. 

[0096] In the embodiment of the device 1 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) and shape from each other. 
Different siZes are useful in situations Where it is desirable 
to interconnect tWo vessels Which are different in siZe. The 
embodiment 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 
interconnection hole 4 as Well as being tapered or rounded 
on each or either end. 

[0097] FIG. 2 illustrates an exemplary anastomosis sur 
gery consisting of grafting tWo juxtaposed vessels 9 and 10. 
After creating an arti?cial opening (e.g., an arteriotomy) in 
each vessel, the surgeon inserts one segment 2 in one vessel 
9 and the other segment 3 into the other vessel 10 Whereby 
the pressure created by device 1 due to expansion of its 
segments and the action of intraluminal pressure 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 a sealing pressure and 
a ?rm ?t. 

[0098] After insertion and completion of the anastomosis 
using the device 1 shoWn in FIG. 1 and inserted Within the 
vessels of FIG. 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 
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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 anasto 
mosed to another vessel at a more distant point. During the 
procedure, the placement of one to three stay sutures in order 
to stabilize the graft to the heart or to juxtaposition the tWo 
vessels together may be desired. Such sutures are easily 
placed through the fat or tissue surrounding 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 during implan 
tation of the inventive device in order to prevent the anas 
tomosed vessels from being inadvertently separated from 
each other during or after the procedure. HoWever, far feWer, 
if any at all, suture points Would be required or used in the 
context of the methods of the present invention than Would 
otherWise be used in the case Where an entire anastomosis is 
formed by suturing alone. 

[0099] 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, 5, 6, 9, 
10, 11 and 12. HoWever, those skilled in the art Will 
contemplate numerous additional embodiments upon read 
ing this disclosure. As one example it is pointed out that the 
?rst segment 2 and second segment 3 can be generally ?at 
or planar, i.e., have outer surfaces Which are contained 
Within a single plane. If each segment is ?at or generally 
planar, 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, the segments may be designed to be ?exible and 
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. This aspect of the devices augments the force 
created by blood pressure or other ?uid pressure Within the 
vessels that holds the device in place. 

[0100] 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 alternative embodiments, the opening 4 can be 
in the form of an open channel that could be cylindrical in 
shape (see FIG. 9, for example). 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 
positionable against each other. For example, one of the 
vessels may be embedded Within a layer of muscle or other 
tissue. 
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[0101] FIG. 3 shoWs an alternative embodiment 12 of the 
invented device having tubular segments 17 and 19. Tubular 
segment 17 comprises tapered ends 13 and 14 and tubular 
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 into a vessel. The con?gu 
ration of FIG. 1 shoWs that the ?rst segment and second 
segment are each con?gured in the form of a portion of a 
cylinder in an unconstricted state. HoWever, the device could 
be con?gured so that each segment is a complete cylinder 
(see FIG. 3) in an unconstricted or constricted state. 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 minimiZe any 
negative biological 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. 

[0102] 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). 

[0103] In device 1 of 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. 

[0104] 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, i.e., 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 
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relative to the other at some angle (between 0° to 90° or 
more preferably betWeen 20° to 90°) may improve visual 
and manual access. In the embodiment of FIG. 5 the ?rst 
segment 30 and second segment 31 are directly connected to 
each other along the periphery of the How opening 4. 
HoWever, as explained above, the ?rst and second segments 
may be interconnected by a channel. The channel could be 
of any length but is preferably 2 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, 
and, as such, is designed to minimiZe ?oW disturbances. 

[0105] 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. 

[0106] 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 suf?ciently 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, the segment attempts to resume its original 
con?guration, With the additional action of intraluminal 
pressure, it conforms substantially to the interior Walls of the 
vessel. 

[0107] 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 means for edge separation and constriction are 
possible for use With the present invention. 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 
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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 
attempt to reassume its original con?guration are contem 
plated by the present invention. 

[0108] FIG. 9 illustrates yet another embodiment of a 
side-to-side device 50 of the subject invention. Device 50 
has a ?rst segment 52 and a second segment 54, each having 
a rectangular contact surface Which, When in constricted 
conditions, have a semi-cylindrical con?guration. Segments 
52, 54 each comprise a reinforcement portion 56 and 58, 
respectively, and a membrane or ?ange portion 60 and 62, 
respectively. Within the boundaries of the reinforcement 
portions 56, 58 are How openings in betWeen Which extends 
a How channel 64 providing ?uid communication betWeen 
the vessels into Which the segments 52, 54 are inserted. 
Reinforcement portions 56 and 58 are integral With ?ange 
portions 60 and 62, respectively, and act to further reinforce 
the sealing force of the ?anges against the vessel Walls. 
Here, reinforcement portions 56, 58 have a circular con?gu 
ration comprising a surface area Which extends radially 
outWard from their respective ?oW openings. HoWever, 
reinforcement portions 56, 58 may have any other appro 
priate con?guration including, but not limited to, a ridge, 
radially extending petals, an ellipse or a rectangle. The 
respective ?ange portions 60, 62 are made of the of the same 
or similar materials as the segments of the embodiments 
described. Furthermore, ?ange portions 60, 62 may have the 
same or similar biocompatibility, sealing, insertion, compli 
ance and tensile properties as the segments of the embodi 
ments described above. Reinforcement portions 56, 58 are 
preferably incorporate a polymer material such as nylon, 
polypropylene, and polyethylene, or a metal such as stain 
less steel or nitinol. To provide a ridge con?guration, the 
material may be in the form of a mono?lament. The rein 
forcement acts to better support and stabiliZe the segments 
52, 54, respectively, Within the vessels into Which they are 
implanted, and thus, optimiZing the overall stability of the 
device, once the anastomosis has been completed. 

[0109] Although FIG. 9 illustrates base portions 56, 58 as 
having annular con?gurations that encircle the circumfer 
ence of the respective ?oW openings, the reinforcement 
portions may have any appropriate con?guration. For 
example, the reinforcement portion may also comprise a 
spine (not shoWn) that extends radially, in proximal and 
distal directions, from the How opening along a line that 
bisects and is parallel to the longitudinal axis of the segment. 
Such a con?guration facilitates the folding or constricting of 
the ?ange portions and provides additional stiffness to the 
segment as it is being inserted into a vessel. 

[0110] Another aspect of the devices of the present inven 
tion that is important to consider is the radius of curvature 
of the juncture betWeen a segment and the How channel of 
a device of the present invention. This juncture runs the 
circumference of the contact area betWeen the segment and 
the How channel. The radius of curvature of the junction is 
selected to minimiZe turbulence of the ?uid ?oW from the 
host vessel into the How channel and from the How channel 
into the graft vessel. Additionally, the radius of curvature 
may be selected to optimiZe the appositioning of the tWo 
vessels. In side-to-side embodiments having a How channel 
extending betWeen the segments, there are tWo such junc 
tures, one betWeen each of the segments and the How 
channel. In FIG. 9, these junctures are identi?ed by refer 
ence number 70. 
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[0111] While only single-piece anastomosis devices have 
been discussed thus far, the present invention also provides 
for multiple piece devices. For example, FIG. 10 illustrates 
a side-to-side embodiment of a tWo-piece device 72 com 
prising a ?rst piece 74 and a second piece 76. First piece 74 
includes a ?rst segment 78 and a ?rst tubular ?oW channel 
portion 80 extending substantially perpendicular from the 
center of ?rst segment 78. Second piece 76 includes a 
second segment 82 and a second tubular ?oW channel 
portion 84 extending substantially perpendicular from the 
center of second segment 82. First channel portion 80 has an 
inside diameter substantially the same as the outer diameter 
of second channel portion 84 such that a ?uid-tight ?oW 
channel is created When second channel portion 84 is 
inserted, in the direction of arroW 86, Within the lumen of 
?rst channel portion 80. 

[0112] Another tWo-piece anastomotic device 90 of the 
present invention is shoWn in FIGS. 11A and 11B. Device 
90 includes a ?rst piece 92 and a second piece 94 each of 
Which has a rivet-like con?guration. First piece 92 includes 
a ?rst segment 96 and a ?rst tubular ?oW channel portion 98 
extending substantially perpendicular from the center of ?rst 
segment 96. Second piece 94 includes a second segment 100 
and a second tubular ?oW channel portion 102 having the 
same relative relationship as the corresponding counterparts 
of ?rst piece 92. First and second channel portions 98 and 
102 also have the same relative relationship as their coun 
terparts in FIG. 10 to form a complete ?oW channel. Here, 
hoWever, the diameter of the resulting ?oW channel is 
greater than that of FIG. 10 and, thus, is more appropriate 
for use With larger vessels. Also different, is the annular, 
rivet-like shape of segments 96 and 100 Which, When in their 
natural, unconstricted state (as in FIG. 11A), ?rst and 
second segments 92, 94 have a cup-like con?guration hav 
ing opposing concave and convex sides. Concave side 104 
of second segment 94, for example, faces the How channel 
and opposing ?rst segment 92. HoWever, When operatively 
placed in a vessel, as shoWn in FIG. 11B, segments 96, 100 
are forced to evert by an inherent spring-force inherent in the 
design of the device, With the originally concave sides 104 
having a contact area ?ush With the inside of the vessel Walls 
116, creating a sealing pressure against the vessel Walls. The 
sealing pressure caused by the spring-like action of the 
implanted segment 100 may be further augmented by a 
coupling mechanism 122, as shoWn in FIG. 11B. Here, the 
tWo pieces 92 and 94 of device 90 are operatively coupled 
to each other Wherein ?rst ?oW channel portion 98 of ?rst 
piece 92 and a second ?oW channel portion 102 of second 
piece 94 are in a ?uid-tight engagement in the same or 
similar manner as the device of FIG. 10. 

[0113] As discussed previously, the primary and second 
ary means of sealing the segments or ?anges of the present 
invention to the vessel Wall are, respectively, the intravas 
cular pressures against the segments or ?anges and the 
physical properties of the segments or ?anges themselves 
(including the reinforcement portion if used, such as rein 
forcement portions 56 and 58 of FIG. 9). The invention also 
provides a third and optional means of sealing in the form of 
a securement member or members Which is/are generally 
positioned proximate the How channel and/or the junction 
betWeen the How channel and Which may be internal or 
external to the device. In FIG. 11B, for example, the 
securement means is in the form of a single collar, cuff or 
ring 122. Collar 122 is positioned around the outside of the 
How channel and has a thickness such that its end surfaces 
124 are in sealing engagement With the outside Walls of the 
interconnected vessels (only one vessel 116 is shoWn). As 
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such, the vessel Wall 126 is atraumatically held betWeen 
segment 94 and collar 122 With collar 122 acting as an 
external, static counter force to the internal forces of the 
segment’s natural spring action and of the intravascular 
pressures. Preferably, at least the end surfaces of collar 122 
are made of or coated With a material that stimulates 
hemostasis and Wound healing. 

[0114] While a number of different con?gurations are 
possible, as demonstrated above by the revieW of various 
representative con?gurations, the thickness and the area of 
contact betWeen the deployed ?rst and second segments and 
their representative vessels should be suf?cient to provide 
for a sealing contact of suf?cient strength to achieve the 
purpose of the devices. The segments have a surface contact 
area at least marginally greater than the surface area of the 
opening in the vessel through With the segment is inserted. 
For example, for devices suitable for use in CABG anasto 
mosis procedures, the contact surface of the ?rst and second 
segments has a surface area that is generally in the range 
from at least about 40 mm , usually at least about 70 mm2 
and more usually at least about 90 mm2, and usually no 
greater than about 450 mm2 (such as for use in the aorta or 
other large lumen). The thickness of the ?rst and second 
segments is generally in the range from about 100 to 500 
microns and preferably in the range from about 200 to 400 
microns. Exemplary Width and length (or diameter) dimen 
sions for these surface area ranges are generally from about 
5 to 15 mm for the Width and from about 8 to 30 mm for the 
length. And more usually from about 7 to 9 mm for the Width 
and from about 13 to 15 mm for the length, depending on the 
exact siZe of the target vessel to be anastomosed. 

[0115] In addition, the How opening has a diameter that 
provides for the desired ?oW rate betWeen the tWo vessels 
connected by the device. The diameter of the How opening 
(and connecting tube depending the particular embodiment) 
generally approximates the diameter of at least one of the 
vessels being joined by the device. As such, the diameter of 
the How opening is typically at least about 1 mm, usually at 
least about 2 mm and more usually at least about 3 mm, 
Where the How channel may be as long as 10 mm or longer, 
but generally does not exceed about 5 mm and usually does 
not exceed about 4 mm. In addition, the How opening may 
be in the form of an ellipse Whose short axis conforms to the 
speci?cations for the diameter and Whose long axis is 
typically at least about 1 mm, usually at least about 2 mm 
and more usually at least about 3 mm, Where the long axis 
may be as long as 5 mm or longer, but generally does not 
exceed 20 mm. 

[0116] End-to-Side Anastomotic Devices 

[0117] The end-to-side anastomotic devices of the present 
invention, like the side-to-side anastomotic devices of the 
present invention, are characteriZed by the presence of a ?rst 
segment that, upon deployment, forms a sealing relationship 
With the inner surface of the vessel in Which it is deployed. 
Connected to this ?rst segment at a How opening is a tubular 
member, Which member is designed to be positioned Within 
the transected end of a graft vessel to be joined to the side 
of a host vessel. 

[0118] Referring noW to FIGS. 12A-B, 13, 14 and 15A-C, 
there are illustrated end-to-side anastomotic device embodi 
ments according to the present invention. The one-piece 
device 130 of FIG. 12A is made up of ?rst segment 134 and 


















