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ABSTRACT

A stent/graft device for intraoperative repair of a damaged portion of a body —
vessel, comprising a generally cylindrical body having a passageway therethrough;
and a connector positioned at least at one axial end of said body, an axial end of said
connector extending into said passageway and another axial end of said connector
extending from said body, said axial end extending into said passageway having a
diameter such that said end is snugly received in said body, said axial end extending
from said body including a mechanism for effecting engagement with said vessel and
wherein said device comprises a connector positioned at each axial end thereof, each
of said connectors including a portion adapted for fixed engagement with said vessel

visa one or more sutures.
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STENT/GRAFT DEVICE AND METHOD
FOR OPEN SURGICAL PLACEMENT

BACKGROUND
[0001] 1. Technical Field, The present invention relates generally to the field

of stents and stent grafts, and more particularly, to a stent/graft device and method
for open surgical, or "intraoperative", placement in a body vessel of a patient.
[0002] 2. Background Information. Emergency physicians frequently
encounter patients having traumatic injury to a body vessel. Significant damage to
a body vessel, such as a blood vess¢l, may expose a patient to deleterious

conditions such as the loss of a limb, loss of function of a limb, increased risk of

- stroke, impairment of neurological functions, and compartment syndrome, among

others. Particularly severe cases of vascular injury and blood loss may result in
death. Examples of treatments that are commonly performed by emergency
physicians to treat vessel injury secondary to trauma include clamping the vessel
with a hemostat, 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.

[0003] 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 flow, and to stop excessive blood loss. This

may require returning the patient to the operating room for treatment and removal

. ofthe 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 vessel may result in muscle necrosis, 1oss of muscle
function, edema, or compartment syndrome with potential limb loss or death.
[0004] Due to the nature of the vascular injury that may be encountered, the
use of shunts, repairing and/or ligating of a 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
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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 specially
trained physician. Such physicians are specially trained to address the particular
trauma, such as a vascular frauma, and to stabilize the patient in the best manner
possible under the circumstances of the case.

[0005] It would be desirable to provide a system and method for dealing with
vascular frauma (arterial and venous) 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.

BRIEF SUMMARY
[0006] The present invention addresses the problems of the prior art by

providing a steﬁt/ graft device and method for intraoperative placement in a body
vessel.

[0007] In one form thereof, the invention comprises a method for
intraoperative repair of a damaged portion of a body vessel. A stent/graft device
has a length at least as long as a length of the damaged vessel portion undergoing
intraoperative repair. The stent/graft device is positioned within the vessel in a
manner such that the device spans at least the length of the damaged portion of the
vessel. The stent/graft device is engaged with the vessel at the vessel damaged
portion in a manner such that migration of the stent/graft device in said vessel is
inhibited.

[0008] In another form thereof, the invention comprises a stent/graft device for
intraoperative repair of a damaged portion of a body vessel. The device comprises
an elongated generally cylindrical stent body and a graft material covering at least
a portion of the stent body. The device is expandable from a compressed
condition having a diameter less than a diameter of the vessel to an expanded
condition having a diameter at least as large as the diameter of the vessel. The
device is positionable within the vessel in the compressed condition and

engageable with the vessel in the expanded condition.
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[0009] In yet another form thereof, the invention comprises a stent/graft device
for intraoperative repair of a damaged portion of a body vessel. The device
comprises a generally cylindrical body having a passageway therethrough. A
connector 1s positioned at least one axial end of the body. An axial end of the
connector extends into the passageway and another axial end of the connector
extends from said body. The axial end extending into the passageway has a
diameter such that the end is snugly received in the body. The axial end extending

from the body includes a mechanism for effecting engagement with the vessel.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] Fig. 1 is a side view of a stent/graft device for intraoperative placement
according to one embodiment of the present invention;

[0011]  Fig. 2 is a sectional view of the main body of the stent/graft device
along lines 2-2 of Fig. 1;

[0012] Fig. 3 1s a side view of a connector of the stent/graft device of Fig. 1;
[0013]  Fig. 4 is a side view of fragment of a damaged body vessel that has
previously been subjected to a traumatic episode;

[0014]  Fig. 5 is a side view of the damaged vessel of Fig. 4 with the stent/graft
device of Fig. 1 positioned at the site of the vessel trauma;

[0015]  Fig. 6 is a side view of an alternative embodiment of an expandable
stent/graft device suitable for intraoperative placement according to the present
invention, with the stent/graft device shown in a compressed condition;

[0016]  Fig. 7 shows the stent/graft device of Fig. 6 in an expanded condition;
[0817]  Fig. 8 illustrates the stent/graft device of Fig. 6 as positioned in a
damaged vessel, with the stent/graft device in the compressed condition;

[0018]  Fig. 9 shows the stent/graft device of Fig 8 in the damaged vessel in the

expanded condition;

[0019]  Fig. 10 is a side view of an alternative embodiment of a stent/graft

device positioned in a compressed condition in a damaged vessel;
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- [0020]  Fig. 11 is a side view of another alternative embodiment of an

expandable stent/graft device according to the present invention, with the
stent/graft shown in a compressed condition; and
[0021]  Fig. 12 shows the stent/graft device of Fig. 11 in an expanded

condition.

DETAILED DESCRIPTION OF THE DRAWINGS AND THE
PRESENTLY PREFERRED EMBODIMENTS

[0022]  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 specific language will be used to describe the same. It should
nevertheless be understood that no limitation of the scope of the invention 1s
thereby intended, such alterations and further modifications in the illustrated
device, and such further applications 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.

[0023] Fig. 1 illustrates one embodiment of an inventive stent/graft device 10

- for open surgical, or intraoperative, placement. In this embodiment, stent/graft

device 10 comprises a generally cylindrical body 12, having a connector 14
disposed at either or both axial ends of cylindrical body 12. Stent/graft device 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.

[0024] For convenience, the inventive device is referred to herein as a

"stent/graft" device. The device has features in combination with a conventional
stent, as well as with a conventional stent graft. In some embodiments of the
present invention, one or more conventional expandable stents comprise a part of
the actual stent/graft device, and in particular, function as retention members to
seal the ends of a tubular graft material to the vessel. In one form, the inventive
device comprises a stent graft that is used for intraoperative repair of injury and

other trauma to a body vessel, such as a blood vessel.
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[0025]  Typically, stent/graft body 12 comprises a hollow, elongated, generally
flexible material, such as a flexible polymeric material, having a lumen 13
extending therethrough. Stent/graft body 12 can be formed from conventional
materials well-known in the medical arts, such as silicone, polyurethane,
polyamide (nylon), as well as other flexible biocompatible materials. In addition,
body 12 can be formed from known fabric graft materials such as woven polyester
(e.g. DACRON®) and expanded polytetrafluoroethylene (ePTFE; e.g. GORE-
TEX®), or from a bioremodelable material. A bioremodelable material can
provide an extracellular matrix that permits, and may even promote, cellular
invasion and ingrowth into the material upon implantation. Non-limiting
examples of suitable bioremodelable materials include reconstituted or naturally-
derived collagenous materials. Suitable collagenous materials may include an
extracellular matrix material (ECM) that possesses biotropic properties, such as
submucosa, renal capsule membrane, dermal collagen, dura mater, pericardium,
fascia lata, serosa, peritoneum or basement membrane layers. Suitable submucosa
materials may include, for example, intestinal submucosa, including small
intestinal submucosa, stomach submucosa, urinary bladder submucosa, and uterine
submucosa.

[0026] Connector 14 may comprise any shape suitable for use in fixedly
engaging stent/graft device 10 within a body vessel. In the non-limiting example
shown ;m Fig. 3, connector 14 comprises an elongated tubular structure having a

main body portion 15, a recessed portion 16 adjacent each axial end of main body

portion 15, and a generally frusto-conical end portion 17 at each axial end of the
connector. Preferably, connector 14 is sized such that one end of the connector 1s
snugly received within the lumen of stent/graft body 12 up to about the axial
midpoint of main connector body portion 15, as shown in Fig. 1. For best results,
the outer diameter of main body portion 15 should be at least as large as the inner
diameter of flexible cylindrical body 12 to insure a tight and secure fit of
connector 14 within the lumen of cylindncal body 12.
[0027]  Generally, connector 14 will comprise a relatively rigid structure, such
as a metal, metal alloy, or a high-strength polymer, having a lumen therethrough.
5
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Connector 14 has sufficient strength to maintain its structural integrity upon tying
of one or more sutures around the circumference of the connector, in a manner to
be describéd. Generally, any biocompatible composition having the requisite
strength may be utilized, as long as the composition has sufficient strength so as to
not be unduly compressed upon application of pressure on its outer surface caused
by the sutures.
[0028]  Preferably, one or more sutures 18 are tied around the circumference of
stent/graft body 12 to firmly secure connector 14 within stent/graft body lumen 13.
For best results, respective sutures 18 are tied at or about the recessed portion 16
of connector 14 that has previously been disposed within lumen 13. In this
manner, as the suture is tied about flexible stent/graft body 12, a portion of body
12 1s compressed within the recessed portion 16.
[0029]  Although Fig. 3 illustrates one preferred shape of a connector 14 for use
in stent/graft device 10, the connector need not necessarily have the shépe shown
therem. As one non-limiting alternative, connector 14 may be provided vs(ith a
simple cylindrical configuration throughout its length. It is most preferable that
the connector 14 has a diameter such that it may be snugly received within the
axial end portion of stent/graft body 12, and that it is receivable within the lumen
of the body vessel undergoing repair. However, as stated, it is believed that
recesses 16 are beneficial in providing a recess, or groove, within which sutures
18, 20 can be received as they are tightened around the outer surface of the
respective stent/graft body 12 (suture 18), or vessel 30 (suture 20) (Fig. 5), thereby
establishing a more secure connection. The optional frusto-conical axial ends 17
of connector 14 facilitate the insertion of the device into the vessel, and improve
the ability of stent/graft device 10 to remain anchored within the vessel.
[0030]  One example of the intraoperative use of stent/graft device 10 in
treating a vascular trauma will now be described. Fig. 4 illustrates a blood vessel
30 that has previously been subjected to a traumatic episode. In this case, it will
be observed that a portion 32 of blood vessel 30 has been torn away or otherwise
severely damaged. As illustrated in Fig. 5, after the body has been opened,
stent/graft device 10 is manually placed within vessel 30 by the physician, in a
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manner such that stent/graft body 12 spans at least the length of damaged vessel

portion 32.

[0031] In the embodiment shown, stent/ graﬁ device 10 is anchored to inhibit
migration within vessel 30 by tying one or more sutures 20 around the vessel at an
exposed portion of connector 14, For best results, sutures 20 are tied around
connector 14 at exposed recess portion 16. In this manner, sutures 20 compress a
portion of vessel 30, such that the vessel is pressed within the recess 16 at each
axial end to ensure a tight and secure connection, as shown in Fig. 5. Open
surgical placement of the inventive stent/graft device in the manner described can
generally be accomplished in a minimal amount of time, often on the order of
about 2 minutes. To the contrary, conventional repair techniques may take as long
as 45 minutes, or even longer in some instances.

[0032] A stent/graft device for use in open surgical, or infraoperative,
placement according to the present invention need not necessarily be configured as
shown in Fig. 1. Other configurations are also suitable for such placement and are
considered within the scope of the invention. One alternative embodiment of a
stent/graft device 40 suitable for such placement is shown in Fig. 6. In this
embodiment, stent/graft device 40 is selectively expandable from a collapsed, or
"non-expanded”, condition as shown in Fig. 6, to an expanded condition, as shown
in Fig. 7. |
[0033]  Stent/graft device 40 comprises an elongated, generally cylindrical stent
body 44. Body 44 may be formed, e.g., of one or more wires in a conventional
stent crossing pattern of wires. A fabric graft 45 is provided to cover stent body
44 in well-known fashion. The wires forming stent body 44 may be any
conventional wires commonly utilized for such purposes, such as metals and metal
alloys. Non-limiting examples of suitable compositions include stainless steel and
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 visible under
imaging techniques is titanium. Fabric graft 45 may comprise any graft material
well-known in the medical arts, including, but not limited to, the materials

7
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described above with reference to stent/graft device 10. The graft material must
be capable of expansion as shown in the figures. EPTFE 1s a particularly preferred
graft material. Those skilled in the art will appreciate that other known types of
stents and graft materials may be substituted for those shown and described herein.
[0034] In Fig. 6, non-expanded stent/graft device 40 1s shown positioned
within a conventional delivery sheath 42. Sheath 42 is a tubular structure having a

conventional mechanism for facilitating the removal of the stent/graft device from

the sheath following proper placement within the vessel, such as a pull-tab

- mechanism or a pusher. In the embodiment of Fig. 6, the removal mechanism

comprises a pull-tab type mechanism, namely string 41. When string 41 is pulled
in the direction of the arrow, sheath 42 is split in a longitudinal direction, and may
thereafter be peeled away from the stent graft. One example of a suitable
sphittable mechanism 1s the pull-tab mechanism used in connection with PEEL-
AWAY® sheaths, available from Cook Incorporated, of Bloomington, Indiana.
Alternatively, other conventional mechanisms for removing a device from a
delivery sheath, and/or for splitting a sheath for removal, may be utilized. Sheaths
of the type shown and described herein are well lcnowﬁ in the art, and those skilled
in the art will appreciate that many known sheaths may be substituted for the
sheath shown and described herein, each of which is considered within the scope
of the invention.

[0035]  As stated, stent/graft device 40 is expandable from a compressed

condition to an expanded condition. Thus, following delivery of the stent/graft by
splitting the sheath or other appropriate delivery mechanism, stent/graft device 40

expands from the contracted condition shown in Fig. 6 to the expanded condition
shown 1n Fig. 7. Preferably, stent/graft device 40 is provided with anchoring
structure, such as barbs 43, provided along at least a portion of the outer
circumterence of the device to anchor the expanded stent/graft device in the
vessel. Those skilled in the art will appreciate that many appropriate anchoring
structures are known in the art, such as hooks, "fish-scales", and the like, any of
which may be utilized in place of, or in addition to, the barbs shown in Figs. 6 and
7. Although the embodiment of Figs. 6 and 7 includes barbs along the entire
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length of the stent/graft, this is not required, and barbs can alternatively be
positioned at one or more discrete locations along the length of the stent/graft
device. Similarly, although the barbs shown in the figures each have a sharp tip
pointing in the same direction, this is exemplary only, and barb tips can be
provided that face in the same, or opposite, directions. Those skilled in the art can
readily select an appropriate arrangement of barb tips for a particular use.

[0036] Figs. 8 and 9 illustrate the intraoperative placement of stent/graft device
40 at the site of a vascular trauma, such as the trauma illustrated in Fig. 4. As
shown 1n Fig. 8, sheath 42, having stent/graft device 40 loaded thereinin a
collapsed state, is intraoperatively placed within vessel 30 at the site of vascular
trauma 32. Sheath 42 is split by pulling string 41 in the direction of the arrow, and
the sides of sheath 42 may be peeled or otherwise removed in conventional
fashion from the stent/graft device. Once stent/graft device 40 is freed from the
constraints of sheath 42, 1t thereafter expands in the vessel, as shown 1n Fig. 9.
Preferably, stent/graft device 40 has an expanded outer diameter at least as large,
and preferably somewhat larger, than the inner diameter of vessel 30.

[0037]  Fig. 10 illustrates a modification of the arrangement shown in Figs. 6-9.
In this case, delivery sheath 52 is provided with two pull strings, rather than the
single string shown in Fig. 6. In this variation, each of the strings 51 is positioned
at a separate axial end of the sheath 52. The strings are then pulled in the direction
of the respective arrows to split the sheath. The sheath is then pulled away,

freemg the stent/graft device 40 for expansion within the vessel 30.
[0038] Another embodiment of the present invention is illustrated 1n Figs. 11

and 12, In this embodiment, stent/graft device 60 comprises an arrangement of
muitiple axially-aligned stents 64, rather than the single wire stent body 44 as
illustrated in Figs. 6 and 7. In the embodiment shown, there are tWO stents 64
disposed at opposite ends of expandable stent/graft device 60. A sheath 62 having
one or more pull strings 61 is provided as before. Stent graft body 65 can be
formed of any of the compositions previously described, and if desired, may

include a plurality of barbs 63 or similar anchoring structures.
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[0039]  Although the arrangement shown in Figs. 11 and 12 includes two stents
64 disposed at axial ends of device 60, numerous alternative arrangements are
within the scope of the invention. As one possible alternative, the device can
include a series of stents disposed along all, or a part of, the length of the
stent/graft device. Such stents can be connected to each other, be placed
immediately adjacent to each other, or spaced a discrete distance from each other.
The fabric of the stent/graft device need not necessarily cover, or span, all stented
portions of the device, although sufficient fabric should be provided to at least
span the site of the vascular damage. Thus, with this embodiment, a stent/grait
device can be provided having a plurality of stents disposed along the length of the
device. If desired, the stent/graft device can be sized such that it has a greater
length and/or a greater number of stents than would typically be required for use.
The physician can then trim the stent/graft device to a desired length. In this
manner, the medical facility need not maintain a large number of stent/graft
devices of different lengths, but rather, can stock one or more elongated devices
that can be trimmed by the physician to the desired length immediately prior to
use. |

[0040] With an embodiment including multiple expandable stents, such as the
embodiment illustrated in Figs. 11 and 12, the splittable outer sheath need not
necessarily extend the entire length of the device. Rather, a separate splittable
sheath may be provided to cover each of the stented portions of the stent/graft, and

the unstented portions may remain uncovered. In this manner, each of the sheaths

can be split with, e.g. a string or a conventional mechanism, to effect controlled
expansion of the stents, and concomitantly, of the graft material, within the
damaged vessel.

[0041]  According to the present invention, a stent/graft device can have a
length of virtually any size for use in freating a vascular trauma. Preferably, a
stent/graft device will have a length between about 1 and 10 cm, more preferably,
between about 3 and 8 cm, and still more preferably, about 6 or 7 cm. Itis
preferred that the stent/graft will be slightly longer than the length of the damaged
vascular portion undergoing repair. For convenience, the stent/graft can be

10
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structured such that at least a portion of either, or both, axial ends of the stent graft
can be trimmed by the physician fo a desired length.

[0042]  The stent/graft device described herein can also include a coating of one
or more therapeutic agents. Therapeutic agents for use as bio-compatible coatings
are well known in the art. Non-limiting examples of suitable bio-active agents that
may be applied to the stent/graft device include thrombo-resistant agents,
antibiotic agents, anti-tumor agents, antiviral agents, anti-angiogenic agents,
angiogenic agents, anti-mitotic agents, anti-inflammatory agents, angiostatin
agents, endostatin agents, cell cycle regulating agents, genetic agents, including
hormones such as estrogen, their homologs, derivatives, fragments,
pharmaceutical salts and combinations thereof. Those skilled in the art will
appreciate that other bio-active agents may be applied for a particular use. The
bio-active agent can be incorporated into, or otherwise applied to, portions of the
stent/graft device by any suitable method that permits adequate retention of the
agent material and the effectiveness thereof for its intended purpose.

[0043]  Although the device has been described in connection with its primary
intended use for repair of vascular trauma, those skilled in the art will appreciate
that the device may also be used to repair other traumatic conditions. Non-
limiting examples of such conditions include aneurysims, such as abdominal aorta
aneurysms.

[0044] It 1s therefore intended that the foregoing detailed description be
regarded as illustrative rather than limiting, and that it be understood that it is the

following claims, including all equivalents, that are intended to define the spirit

and scope of this invention.
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WHAT IS CLAIMED IS:

1. An assembly for intraoperative repair of a damaged portion of a
body vessel, comprising:

a stent/graft device comprising a pair of axially spaced stents and a graft
material covering said stents, said stents spaced such that one of said stents 1s
positioned at each axial end of said stent/graft device, said device being
expandable from a compressed condition having a diameter less than a diameter of
the vessel to an expanded condition having a diameter at least as large as the
diameter of the vessel, said device positionable within said vessel 1n said
compressed condition and engageable with said vessel in said expanded condition;
and

a respective sheath enclosing each of said stents when said device 1s
positioned within said vessel in said compressed condition, each sheath including
a mechanism for selectively splitting said sheath following proper placement
within the vessel for eftecting placement of said device.

2. The assembly of claim 1, wherein said stent/graft device has a
length at least as long as a length of said damaged vessel portion undergoing said
intraoperative repair.

3. The assembly of claim 1, wherein said stent/graft device includes an
anchoring mechanism for anchoring said device to said vessel.

4, The assembly of claim 1, wherein said mechanism comprises at

least one pull string adapted to be manipulated through a rupture in a wall of said

body vessel.
5. The assembly of claim 1, wherein said mechanism comprises a pair

of pull strings, each of said pull strings configured along said sheath to be pulled

in an opposite direction.
6. The assembly of claim 5, wherein each of said pull strings is

positioned at a separate axial end of the sheath, said sheath and said respective pull

12
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strings being structured such that said pull strings split satd sheath from said

respective axial ends to the center ot the sheath.
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