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VASCULAR CONDUIT AND DELIVERY 
SYSTEM FOR OPEN SURGICAL 

PLACEMENT 

RELATED APPLICATIONS 

[0001] The present patent document claims the bene?t of 
the ?ling date under 35 U.S.C. §119(e) of Provisional US. 
Patent Application Ser. No. 60/982,868, ?led Oct. 26, 2007, 
Which is hereby incorporated by reference, and Provisional 
US. Patent Application Ser. No. 61/127,308, ?led May 12, 
2008, Which is hereby incorporated by reference. 

BACKGROUND 

[0002] 1. Technical Field 
[0003] The present invention relates generally to a device 
for repair of body vessels. More particularly, the invention 
relates to a vascular conduit for repair of a damaged artery or 
vein during an emergency open surgical procedure. 
[0004] 2. Background Information 
[0005] Emergency physicians frequently encounter 
patients having traumatic injury to a body vessel. Signi?cant 
damage to a body vessel, such as a blood vessel, may expose 
a patient to deleterious conditions such as the loss of a limb, 
loss of function of a limb, increasedrisk of stroke, impairment 
of neurological functions, and compartment syndrome, 
among others. Particularly severe cases of vascular injury and 
blood loss may result in death. In such severe situations, the 
immediate goal is to obtain hemostasis While maintaining 
perfusion. Examples of treatments that are commonly per 
formed by emergency physicians to treat vessel injury sec 
ondary to trauma include clamping the vessel With a hemo 
stat, use of a balloon tamponade, ligation of the damaged 
vessel at or near the site of injury, or the insertion of one or 
more temporary shunts. 
[0006] In the case of traumatic injury to blood vessels, the 
use of temporary shunts has been linked to the formation of 
clots. Shunts are generally placed as a temporary measure to 
restore blood How, and to stop excessive blood loss. This may 
require returning the patient to the operating room for treat 
ment and removal of the clots, often Within about 36 to 48 
hours of the original repair. When the patient has stabiliZed 
(generally a feW days later), the shunt is typically removed 
and replaced With a vascular graft, such as a fabric graft that 
is seWn into place. Ligation of the damaged blood vessel may 
result in muscle necrosis, loss of muscle function, edema, or 
compartment syndrome With potential limb loss or death. 
[0007] Due to the nature of the vascular injury that may be 
encountered, the use of shunts, repairing and/or ligating of a 
blood vessel often requires that such treatments be performed 
at great speed, and With a high degree of physician skill. Such 
treatments may occupy an undue amount of the time and 
attention of an emergency physician at a time When other 
pressing issues regarding the patient’s treatment may also 
require immediate attention. In addition, since the level of 
particulariZed skill required may exceed that possessed by the 
typical emergency physician, particularly traumatic episodes 
may require the skills of a physician specially trained to 
address the particular trauma, such as a vascular trauma, and 
to stabiliZe the patient in the best manner possible under the 
circumstances of the case. 

[0008] US. Patent Publication No. 2007/0027526 A1, 
incorporated by reference herein, discloses a device for repair 
of damaged portions of a body vessel. The device depicted in 
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the patent publication includes a cylindrical body 12, having 
a ?tting 14 disposed at either or both axial ends of the cylin 
drical body. This device is suitable for placement Within a 
body vessel, such as a blood vessel, for repair of vascular 
trauma and restoration of ?uid ?oW through the vessel. In the 
embodiment depicted in FIG. 3A of the patent publication, 
the ?tting comprises an elongated tubular structure having a 
recessed portion 16 adjacent each axial end of a main ?tting 
body portion 15, Which may be compressed to secure the graft 
to the ?tting. Alternatively, the graft can be secured by a 
slidable cuff received by a feature Within the ring. One end of 
the ?tting is snugly received Within the lumen of the cylin 
drical body, and one or more sutures 18 are tied around the 
circumference of the cylindrical body to secure the ?tting 
?rmly to the cylindrical body. When the device is positioned 
in the vessel undergoing repair, one or more sutures 20 are 
tied around the vessel at an exposed portion of the ?tting, as 
shoWn in FIG. 5, to secure the vessel to the ?tting. The device 
depicted in the 2007/ 0027526 A1 publication is believed to be 
effective in repairing damaged vessels utiliZing open surgical 
techniques in an emergency situation. HoWever, since the 
device utiliZes sutures to af?x the damaged tissue portions to 
the ?tting, the physician must take time to tie the sutures 
properly. Although in modern medicine sutures can be tied in 
relatively rapid fashion, any step in a repair process that 
occupies physician time in an emergency situation is poten 
tially problematic. Therefore, efforts continue to develop 
techniques that reduce the physician time required for such 
techniques, so that this time can be spent on other potentially 
life-saving measures. 

[0009] In addition to the foregoing, the use of sutures to 
af?x the vessel to the ?tting compresses the tissue of the 
vessel against the ?tting. Compression of this tissue may 
result in necrosis of the portion of the vessel tissue on the side 
of the suture remote from the blood supply. Necrosis of this 
portion of the vessel tissue may result in the tissue separating 
at the point of the sutures. In this event, the connection 
betWeen the vessel and the ?tting may become Weakened and 
subject to failure. If the connection fails, the device may 
disengage from the vessel. 
[0010] US. Patent Publication No. 2005/0038502 A1, ?led 
Apr. 21, 2004, describes a docking head that is mounted on a 
graft having an outer diameter so as to couple the graft to a 
blood vessel Without requiring the use of sutures. The dock 
ing head includes a holloW truncated cone having a passage 
that is adapted to correspond to the outer diameter of a graft 
and a plurality of outWardly pointing and inclined barbs. The 
barbs may be ?exible and inclined opposite a truncated end of 
the holloW truncated cone and are 1 to 4 times the thickness of 
the Wall of the blood vessel. The inclined barbs are arranged 
at the circumference of the conical structure in at least one 
roW and are distally pointed to the direction of the graft’s 
body. In operation, the conical structure folloWed by the graft 
is inserted into neck through its narroW end While inclined 
barbs smoothly pass through a portion of the neck. Upon 
pulling back the conical structure, inclined barbs are embed 
ded Within the neck, forming a ?rm and sealed connection 
betWeen the vessel and the graft. 
[0011] While the outWard facing barbs may facilitate 
secure placement of graft by securing the truncated cone 
portion Within a body vessel, the particular design of the 
outWard facing barbs presents draWbacks. First, these 
inclined barbs extending from the outer surface of the dock 
ing head, for example as shoWn in FIGS. 14 and 15, may 
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engage body tissue away from the intended point of treatment 
during placement of the device. The tendency of the barbs 
pointing outwardly to engage tissue or other surfaces inad 
vertently can present a challenge during emplacement of the 
graft. Second, once in place Within a body vessel, these barbs 
are not siZed to penetrate an optimal distance into the Wall of 
the body vessel. For example, FIG. 19 shoWs barbs 404 pen 
etrating through the entire Wall of a body vessel, Which can 
lead to undesirable complications, such as bleeding and/or 
thrombus formation. 

[0012] Thus, it Would be desirable to provide a conduit for 
use in repair of a body vessel, such as an artery or a vein, 
and/ or a delivery system, during emergency surgery in a 
manner that is time effective, that addresses the trauma at 
hand to the extent possible, and that utiliZes techniques that 
may be readily practiced by an emergency physician. In addi 
tion, it Would be desirable if the conduit utiliZed during emer 
gency surgery is permanently placed Within the patient, 
thereby obviating a need for subsequent surgical intervention. 
It is also desirable to provide a medical device having inclined 
barbs that are shielded from inadvertent contact With body 
tissue by a delivery system during the delivery process, and/or 
barbs adapted to penetrate only a portion of the Wall of the 
body vessel required to secure the medical device Within the 
body vessel. 

SUMMARY 

[0013] In a ?rst embodiment, a device for intraoperative 
repair of a damaged portion of a body vessel is provided. The 
device can be a vascular conduit for use in repair of the body 
vessel, such as an artery or a vein, during emergency surgery 
in a manner that is time effective, that addresses the trauma at 
hand to the extent possible, and that utiliZes techniques that 
may be readily practiced by an emergency physician. The 
device utiliZed during emergency surgery can be permanently 
placed Within the patient, thereby obviating a need for sub 
sequent surgical intervention. Since the body vessel has a 
vessel Wall including a tunica intima, a tunica media, and a 
tunica adventitia, the device controllably interacts With the 
tunica intima, basement membrane, and tunica media, and 
avoids any interaction With the tunica adventitia to not disrupt 
the vasa vasorum residing in the tunica adventitia. The device 
is preferably secured in a rapid manner Without the use of a 
ligature or suture placed around the vessel, Which may cause 
distal necrosis. 

[0014] In one aspect, the device includes a tubular conduit 
having a Wall de?ning a lumen about a longitudinal axis 
betWeen a ?rst axial end and a second axial end. The tubular 
conduit may include a ?exible biocompatible material, such 
as expanded polytetra?uoroethylene, silicone, polyurethane, 
polyamide, or the like. The device also includes a ?rst con 
nector and a second connector disposed at the respective ?rst 
and second axial ends of the tubular conduit. The ?rst and 
second connectors can have a ?rst portion engageable With 
the Wall of the tubular conduit and a second portion having at 
least one shaped member extending radially therefrom. The 
shaped member can include barbs, ?bers, bristles, or outer 
protruding and penetrable media. The shaped member can be 
dimensioned and arranged along the second portion to pen 
etrate and anchor into the tunica intima and tunica media of 
the vessel Wall upon insertion of the device into the body 
vessel. In one example of the device, the ?rst portion of at 
least one of the ?rst and second connectors has at least one 
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shaped member, Where the shaped member of the ?rst portion 
is penetrable and anchorable into Wall of the tubular conduit. 

[0015] In another aspect of the device, the shaped member 
of the second portion and/or the ?rst portion of the ?rst and 
second connectors includes a plurality of microbarbs. The 
microbarbs can be spaced along a circumference of the sec 
ond and/or ?rst portion, and can be aligned at an acute angle 
relative to the longitudinal axis. In one example, the 
microbarb is aligned at an acute angle of about 5 degrees to 
about 30 degrees, and most preferably about 20 degrees to 
about 25 degrees, relative to the longitudinal axis. The 
microbarb can include a body having a ?rst and second edge 
converging to form a tip region. A portion of the body of the 
microbarb outside the tip region may have a dullness con?g 
ured to not cut or lacerate the body vessel radially When the 
microbarb is engaged. The tip region that can have a surface 
generally parallel relative to the longitudinal axis, and the 
surface may also be arcuate. The microbarbs can be arranged 
to be spaced along the circumference of the tubular body to 
form at least one ring of microbarbs. The microbarbs can be at 
various acute angles relative to the longitudinal axis, have 
various quantities along the circumference, various siZes, 
and/or a substantially parallel surface relative to the longitu 
dinal axis. 

[0016] In a second embodiment, a delivery system for 
deploying a tubular medical device in a body vessel. In one 
aspect, the delivery system can include an elongated tubular 
member that has a lumen about a longitudinal axis and a 
proximal end and a distal end. The elongated tubular member 
can be siZed to extend through the lumen of the tubular 
medical device. A handle can be attached to the proximal end 
of the elongated tubular member. The handle has a lumen 
about the longitudinal axis and a proximal end and a distal 
end. The lumen of the handle is in communication With the 
lumen of the elongated tubular member. A dilator tip is dis 
posed at the distal end of the elongated tubular member. The 
dilator tip can be siZed and con?gured to receive the distal end 
of the elongated tubular member and to engage the distal end 
of the tubular medical device. The delivery may further 
include a controller disposed at the handle, Which manipu 
lates the dilator tip. The controller includes a control member 
extending through the lumens of the respective elongated 
tubular member and the handle. The control member can have 
a distal end attached to the dilator tip and a proximal end 
attached to the controller. The controller can be con?gured to 
retract the dilator tip in a proximal direction to a retracted 
position and to extend the dilator tip in a distal direction to an 
extended position. 
[0017] In another aspect of the delivery system, the dilator 
tip has a conical shape tapering from a blunt distal end to a 
proximal end. The dilator tip preferably includes a cavity With 
a proximal region that can be siZed and con?gured to receive 
the distal end of the elongated tubular member and to engage 
the distal end of the tubular medical device. In one example, 
the proximal region of the dilator tip may be con?gured to 
expand radially betWeen a ?rst cross-sectional area and a 
second cross-sectional area greater than the ?rst cross-sec 
tional area. The ?rst cross-sectional area is less than a cross 
sectional area of the lumen of the tubular medical device, 
While the second cross-sectional area is greater than the cross 
sectional area of the lumen of the tubular medical device. In 
another example, the proximal region of the dilator tip can be 
con?gured to enclose partially the distal end of the tubular 
medical device When in the retracted position. The proximal 
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region of the dilator tip may be con?gured to engage to the 
distal end of tubular medical device, or optionally, the proxi 
mal region may be con?gured to apply a radially compressive 
force to the distal end of the tubular medical device, When the 
dilator tip is in the retracted position, such that the tubular 
medical device can be retained in a ?xed position. When the 
tubular medical device includes a shaped member, such as a 
plurality of microbarbs that are spaced along a circumference 
at the distal end of the tubular medical device, the proximal 
region of the dilator tip can be con?gured to enclose partially 
the microbarbs of the tubular medical device to protect the 
body vessel during deployment. 
[0018] In yet another aspect of the delivery system, the 
controller is movable betWeen a ?rst position to retract the 
dilator tip to the retracted position and a second position to 
extend the dilator tip to the extended position. The controller 
may also include a spring mechanism disposed Within the 
lumen of the handle. The spring mechanism can be biased to 
an expanded con?guration to retain the controller at the ?rst 
position andbeing moveable to a compressed con?guration to 
move the controller to the second position. The controller can 
also include a lockable sWitch that is movable betWeen a ?rst 
position to alloW the controller to move betWeen the ?rst and 
second positions and a second position to ?x the controller at 
the second position. 
[0019] In a third embodiment, a method of delivering a 
medical device system for intraoperative repair of a damaged 
portion of a body vessel having a vessel Wall. Since during 
emergency surgery effective use of time of an emergency 
physician can be critical, the method can be performed in a 
manner that is time effective, that addresses the trauma at 
hand to the extent possible, and that utiliZes techniques that 
may be readily practiced by the emergency physician. The 
medical device system can include a ?rst connector and a 
second connector and a tubular conduit. The tubular conduit 
has a Wall de?ning a lumen about a longitudinal axis betWeen 
a ?rst axial end and a second axial end. The ?rst and second 
connectors are disposable With the respective ?rst and second 
axial ends of the tubular conduit. The ?rst and second con 
nectors can have a ?rst portion engageable With the Wall of the 
tubular conduit and a second portion. The second portion can 
include at least one shaped member dimensioned and 
arranged along the second portion to penetrate and to anchor 
into the vessel Wall of the body vessel. In one aspect, the body 
vessel can be transected or cut to form a ?rst portion and a 
second portion of the body vessel. The transection can be at 
the damaged portion of the body vessel or can be just outside 
the damaged portion. Triangulation sutures can be attached 
proximate the ends of the ?rst and second portions to keep the 
?rst and second portions ?xed in place and to keep the vessel 
lumen opened for deployment of the medical device system. 
The ?rst and second connectors of the medical device system 
can be deployed into the respective ?rst and second portions 
of the body vessel With a delivery system. The tubular conduit 
can be engaged With the ?rst connector and the second con 
nector to form the medical device system to repair the dam 
aged portion of the body vessel intraoperatively. 
[0020] In another aspect of the method of delivery, the 
delivery system includes a dilator tip siZed and con?gured to 
engage the at least one shaped member of the second portion 
of the respective ?rst and second connectors. The dilator tip 
can be movable betWeen a retracted position to engage With 
the at least one shaped member and an extended position to 
disengage from the at least one shaped member. Deploying 
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the ?rst and second connectors can include inserting the 
delivery system, With one of the ?rst and second connectors 
loaded and the dilator tip in the retracted position, into the 
lumen of the respect ?rst and second portion of the body 
vessel. Once positioned at a suitable site, the dilator tip can 
then be translated from the retracted position to the extended 
position to permit penetration and anchoring of the ?rst and/ 
or the second connector into the respective ?rst and second 
portion of the Wall of the body vessel. Other steps may include 
engaging the tubular conduit With the ?rst connector before 
loading onto the delivery system. The ?rst connector includ 
ing the tubular conduit is then deployed in to the ?rst portion 
of the body vessel With the delivery system. The second 
connector is deployed and then attached to the tubular con 
duit. The triangulation sutures can then removed. 
[0021] The medical device system can be loaded onto the 
delivery system by inserting the dilator tip, in the extended 
position, through the lumen of the one of the ?rst and second 
connectors, and the tubular conduit if already attached to the 
?rst connector. Once the dilator tip is extended past the distal 
end of one of the ?rst and second connectors, the dilator tip 
can be moved from the extended position to the retracted 
position. In the retracted position, the dilator tip can engage 
With the at least one shaped member to prevent the respective 
?rst and second connector from translating during delivery. 

BRIEF DESCRIPTIONS OF THE DRAWINGS 

[0022] FIG. 1 is a sectional vieW of a blood vessel that 
schematically illustrates the orientation of the layers of the 
blood vessel. 
[0023] FIG. 2 is an elevation vieW of one embodiment of an 
inventive vascular conduit for open surgical, or intraopera 
tive, placement. 
[0024] FIG. 3A is an elevation vieW of a microbarb of the 
vascular conduit. 
[0025] FIG. 3B is a doWnWard vieW of the microbarb of 
FIG. 3A. 
[0026] FIG. 4A illustrates a microbarb con?guration. 
[0027] FIG. 4A' illustrates an enlarged vieW of the 
microbarbs of FIG. 4A. 
[0028] FIG. 4B illustrates a microbarb con?guration. 
[0029] FIG. 4B' illustrates an enlarged vieW of the 
microbarbs of FIG. 4B. 
[0030] FIG. 4C illustrates a microbarb con?guration. 
[0031] FIG. 4C' illustrates an enlarged vieW of the 
microbarbs of FIG. 4C. 
[0032] FIG. 4D illustrates a microbarb con?guration. 
[0033] FIG. 4D' illustrates an enlarged vieW of the 
microbarbs of FIG. 4D. 
[0034] FIG. 5 illustrates a bi-directional microbarb con 
?guration. 
[0035] FIG. 6 illustrates a bi-directional microbarb con 
?guration. 
[0036] FIG. 7 illustrates a curved microbarb con?guration. 
[0037] FIG. 8 illustrates a microbarb con?guration. 
[0038] FIG. 9 illustrates a multi-ring microbarb con?gura 
tion. 
[0039] FIG. 10 illustrates a microbarb con?guration. 
[0040] FIG. 11 illustrates a microbarb con?guration of a 
shape memory composition in the open con?guration. 
[0041] FIG. 12 illustrates a microbarb con?guration of 
FIG. 11 in the closed con?guration. 
[0042] FIG. 13 is a perspective vieW of another vascular 
conduit for open surgical, or intraoperative, placement. 



US 2009/0112237 A1 

[0043] FIG. 14 shows an alternative connector con?gura 
tion. 
[0044] FIG. 15 is a perspective vieW of alternative vascular 
conduit for open surgical, or intraoperative, placement using 
the ?tter of FIG. 14. 
[0045] FIG. 16 is a side vieW depicting the vascular conduit 
engaged With the ?exible tubular body and the body vessel. 
[0046] FIG. 17A is a perspective vieW of one embodiment 
of a delivery system. 
[0047] FIG. 17B is a side vieW of a delivery system With an 
extended dilator tip. 
[0048] FIG. 17C is a side vieW of a delivery system With a 
retracted dilator tip. 
[0049] FIG. 18A is a cross-sectional vieW of the delivery 
system of FIG. 17A With a retracted dilator tip. 
[0050] FIG. 18B is a cross-sectional vieW of the delivery 
system of FIG. 17A With an extended dilator tip. 
[0051] FIG. 19 is a cross-sectional vieW ofa dilator tip ofa 
delivery system. 
[0052] FIG. 20A is a perspective vieW of loading a vascular 
conduit onto a delivery system. 
[0053] FIG. 20B is a perspective vieW of loading the vas 
cular conduit onto the delivery system of FIG. 20A. 
[0054] FIG. 21A is a perspective vieW of another embodi 
ment of a delivery system. 
[0055] FIG. 21B is a cross-sectional vieW of the delivery 
system of FIG. 21A. 
[0056] FIG. 22 is a perspective vieW of another embodi 
ment of a delivery system. 
[0057] FIG. 23A illustrates a blood vessel that has been 
previously been subjected to a traumatic episode. 
[0058] FIG. 23B illustrates a step during a method of 
implanting a vascular conduit Within the blood vessel of FIG. 
23A. 
[0059] FIG. 23C illustrates a step during a method of 
implanting a vascular conduit Within the blood vessel of FIG. 
23A. 
[0060] FIG. 23D illustrates a step during a method of 
implanting a vascular conduit Within the blood vessel of FIG. 
23A. 
[0061] FIG. 23E illustrates a step during a method of 
implanting a vascular conduit Within the blood vessel of FIG. 
23A. 

DETAILED DESCRIPTION OF THE DRAWINGS 
AND THE PRESENTLY PREFERRED 

EMBODIMENTS 

[0062] For the purposes of promoting an understanding of 
the principles of the invention, reference Will noW be made to 
the embodiments illustrated in the draWings, and speci?c 
language Will be used to describe the same. It should never 
theless be understood that no limitation of the scope of the 
invention is thereby intended, such alterations and further 
modi?cations in the illustrated device, and such further appli 
cations of the principles of the invention as illustrated therein 
being contemplated as Would normally occur to one skilled in 
the art to Which the invention relates. 

[0063] The device of the present invention is useful for 
repair of a body vessel, such as a blood vessel, during an 
emergency open surgical procedure. The device is particu 
larly useful for repair of a transected artery or vein during 
emergency surgery, and particularly, to obtain hemostasis 
While maintaining blood perfusion. 
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[0064] Trauma surgeons and staff are often faced With vic 
tims Who have been injured by gunshots, knife Wounds, motor 
vehicle accidents, explosions, etc. Such patients can only 
survive such Wounds by maintaining adequate blood How to 
critical organs, such as the brain, liver, kidneys, and heart. 
Conventional surgical repair is generally dif?cult With such 
actively bleeding, moribund patients. In many instances, 
there is simply not enough time to repair the vessels 
adequately by re-approximating and suturing the transected 
vessels. In many situations, surgeons Will simply insert a 
temporary shunt (such as a Pruitt-Inahara Shunt) into the 
vessel. If the patient survives the initial trauma, after 24-48 
hours, the temporary shunt may be removed, and further 
surgical interventional and vessel repair Would folloW. With 
the inventive device, the emergency surgical repair is perma 
nent, thereby obviating the need for further surgical interven 
tion and repair. 
[0065] In order to understand the structure and operation of 
the inventive device, a brief description of the structure of a 
blood vessel in the body is helpful. Blood vessels are oftWo 
types, namely arteries and veins. Generally speaking, arteries 
are elastic vessels that carry oxygenated blood aWay from the 
heart, and veins are elastic vessels that transport blood to the 
heart for transport to the lungs for oxygenation. The Walls of 
both arteries and veins are formed to have three layers, or 
tunics. The inner layer is referred to as the tunica intima, 
Which is composed of endothelium and delicate collagenous 
tissue. The middle layer is referred to as the tunica media, 
Which is composed of typically a muscular layer, and consists 
of smooth muscle and elastic ?bers. The outer layer is referred 
to as the tunica adventitia, Which is the outer covering of the 
vessel, and is composed of connective tissue, collagen, and 
elastic ?bers. The tunic adventitia includes small vessels, 
referred to as vasa vasorum, Which supply nutrients to the 
tissue. 

[0066] FIG. 1 is a sectional vieW of a blood vessel 1 that 
schematically illustrates the orientation of these layers. Ves 
sel 1 includes a lumen 2 extending therethrough for transport 
of blood. The respective tunica intima 4, tunica media 6, and 
tunica adventitia 8 extend radially outWardly from the lumen 
2. The tunica intima 4 includes a thin layer of connective 
tissue 5 (often referred to as the basement membrane) in the 
region Where it joins the tunica media 6. A thin layer of 
internal elastic lamina 7 may also be found betWeen the tunica 
intima 4 and the tunica media 6. Another thin layer of external 
elastic lamina 9 may also be found betWeen the tunica media 
6 and the tunic adventitia 8. The illustration and accompany 
ing explanation provided hereinabove is only intended to be a 
very brief explanation of the structure of a blood vessel. 
Those skilled in the art Will appreciate that the relative thick 
ness of a particular layer Will vary from that shoWn schemati 
cally in FIG. 1, and that the thickness of various layers Will 
also vary depending upon Whether the vessel is an artery or a 
vein. In each instance hoWever, the vein Will include the three 
layers illustrated in FIG. 1. It is believed that those skilled in 
the art Will have su?icient appreciation for the basic vessel 
structure that further explanation is unnecessary to achieve an 
understanding of the present invention. 
[0067] The invention is primarily described herein With 
reference to one of its intended uses, that being for open 
surgical repair of a blood vessel. HoWever, those skilled in the 
art Will appreciate that the invention is also useful for repair, 
anchoring, and/ or joinder of other body structures and vessels 
(e.g. joinder of ureter ducts or any body duct or channel). 
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[0068] It is noted that the microbarbs in the Figures are 
enlarged in order to illustrate the general shape of the 
microbarbs and do not accurately re?ect the true siZe of the 
microbarbs in relation to the vascular conduit or connector. 

[0069] FIG. 2 illustrates one embodiment of an inventive 
vascular conduit 10 for open surgical, or intraoperative, 
placement. In this embodiment, the vascular conduit 10 com 
prises a generally cylindrical body 12, having an anchoring 
means 14 on at least one axial end of the cylindrical body 12. 
The vascular conduit 10 has a siZe and shape suitable for 
placement Within a body vessel, such as a blood vessel (either 
an artery or vein), and most particularly, for placement at the 
site of a vascular trauma. 

[0070] The generally cylindrical body 12 generally com 
prises a holloW, elongated, biocompatible material having a 
lumen 16 extending therethrough betWeen a distal end 17 and 
a proximal end 18 along a longitudinal axis 19. The cylindri 
cal body 12 may be machined in a manner that alloWs for 
extremely precise diameter matching With the vessel, such 
that there is minimal separation or gap betWeen the cylindri 
cal body 12 and the vessel to avoid accommodating blood 
stagnation and thrombus accumulation. The cylindrical body 
12 can have a substantially circular cross-section having an 
outer diameter suitably siZed depending on the cross-sec 
tional area and diameter of the vessel, such as about 4 mm or 
less to about 12 mm or more, to engage a substantial portion 
of the luminal surface of the body vessel. Although a substan 
tially circular cross-section is preferable, the cross-section of 
the cylindrical body 12 may be elliptical or other shapes 
knoWn to be used in a vessel in the body by one skilled in the 
art. Preferred dimensions of the cylindrical body 12 include 5 
mm (0.197") thru 6 mm (0.236") 1D. Larger diameters, e.g., 7 
mm (0.276") and 8 mm (0.315"), may also be acceptable. The 
Wall thickness of the cylindrical body 12 is typically 015-0. 
25 mm and should be suitable to support the vessel structur 
ally and to permit suf?cient blood ?oW through the lumen 16. 
The general length of the cylindrical body 12 Will depend 
upon the siZe of the opening or puncture in the vessel. The 
length of the cylindrical body 12 can be at least as long as the 
opening in the vessel, if not longer, in order for the anchoring 
means 14 to penetrate and engage securably to an uncompro 
mised portion of the vessel. 
[0071] The biocompatible material of the cylindrical body 
12 can be a relatively rigid structure, such as a metal, metal 
alloy, or a high-strength polymer. Optionally, a thin layer of 
PTFE or other biocompatible material can line the luminal 
surface of the cylindrical body 12. Generally, any biocompat 
ible composition having the requisite strength may be uti 
liZed, as long as the composition has suf?cient strength to 
maintain its relative dimension in use. The biocompatible 
material of the cylindrical body 12 can include stainless steel, 
PTFE, shape memory materials, such as nitinol, as Well as 
compositions that are visible under common medical imaging 
techniques such as magnetic resonance imaging (MRI). One 
non-limiting example of a preferred composition that is vis 
ible under imaging techniques is titanium. The cylindrical 
body 12 can be formed from conventional materials Well 
knoWn in the medical arts. 

[0072] The presence of the anchoring means 14 permits the 
vascular conduit 10 to be secured to the tissue of the vessel 
upon insertion during an open surgical procedure. In particu 
lar, the anchoring means 14 provide vessel ?xation While 
avoiding adverse conditions associated With disturbing the 
vasa vasorum and/ or pressure induced necrosis of the 
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medium muscular arteries of the type that may result from 
tying ligatures circumferentially around a connector or a vas 
cular conduit. The anchoring means 14 can include various 
shaped member structures including, barbs, ?bers, bristles, or 
outer protruding and penetrable media. One preferred anchor 
ing means 14 is microbarbs 20, although some of the features 
discussed beloW relative to the microbarbs 20 may also be 
attributed to other types of anchoring means 14. 
[0073] The mircrobarbs 20 can be siZed and shaped in any 
manner to enable a secure connection With the vessel to 
inhibit migration of the vascular conduit 10 Within the vessel. 
It is desirable, hoWever, that the microbarbs 20 are siZed and 
shaped such that they penetrate tunica intima 4, the basement 
membrane 5, and partially enter the tunica media 6 (FIG. 1). 
It is preferable that the microbarbs 20 do not enter the tunica 
adventitia, and more importantly, do not disturb or otherWise 
adversely affect the vasa vasorum. A ?brotic response can be 
created Within the penetrated portions of the blood vessel, 
Which further anchors the vascular conduit 10 in the vessel 
over time. 

[0074] A Wide variety of con?gurations for the microbarbs 
20 are provided in order to better secure the vascular conduit 
10 With the tissue. The microbarbs can be constructed to have 
varying dimensions, such as length, base Width, thickness, 
barb angle, orientation, distribution, sharpness and point (tip) 
con?guration, to optimiZe the manner and degree of penetra 
tion into the vessel Wall, and preferably, to restrict penetration 
to only the tunica intima and partial tunica media layers as 
described. For example, the microbarbs 20 may be con?gured 
to penetrate the Wall of the body vessel Without cutting 
through the body vessel. In other examples, the microbarbs 20 
are also con?gured to seat Within the body vessel Wall 
securely as to not further propagate or cut radially once 
engaged. 
[0075] Referring to FIGS. 3A and 3B, the general 
microbarb length 22, angle, base Width 24 and thickness 26 
can vary depending on the vessel type and characteristics. For 
example, for a vascular conduit 10 having an outer diameter 
of 6 mm, the microbarbs 20 can have a length 22 in the range 
betWeen about 0.1 mm to 1 mm, and preferably about 1 mm. 
The base Width 24 of the microbarbs 20 typically depend on 
the number of microbarbs 20 positioned around the circum 
ference of the cylindrical body 12. The number of microbarbs 
20 can have a range from about 20 to about 80, although any 
number suitable for implantation of the vascular conduit is 
Within the scope. As a result, the Width 24 of the microbarbs 
20 can vary betWeen about 0.2 mm or less to about 0.4 mm or 

more. In some embodiments, there are no gaps betWeen adja 
cent microbarbs, as shoWn in FIGS. 4B and 4D, and yet in 
other embodiments there are gaps 28 in betWeen adjacent 
microbarbs having a gap length betWeen about 0.2 mm to 
about 0.4 mm, or more or less depending on the circum 
stances, as shoWn in FIG. 4A. The arrangement Without gaps 
betWeen adjacent microbarbs may inhibit seepage of blood 
due to the activation of the clotting cascade in the localiZed 
area around the microbarbs 20. It can be appreciate by one 
skilled in the art to have some adjacent microbarbs Without 
gaps and some adjacent microbarbs With gaps 28. In addition, 
a material such as collagen may be added around the circum 
ference of the microbarbed connector to add an additional 
hemostatic component to the device. 
[0076] Referring to FIG. 3A, the angle 0t of the microbarbs 
20, in relation to the longitudinal axis 19, is preferably 
selected to orient the microbarbs 20 radially outWard aWay 


















