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7 ABSTRACT

An endoluminal device comprises a stent and a tubular graft
supported by the stent. The graft has a proximal and a distal
opening and comprises a synthetic material and a bioremod-
elable material. The bioremodelable material is disposed on
an exterior surface in at least one band adjacent at least one
of the proximal and distal openings.
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ENDOLUMINAL DEVICE WITH
EXTRACELLULAR MATRIX MATERIAL AND
METHODS

RELATED APPLICATIONS

[0001] This application is a continuation-in-part of U.S.
application Ser. No. 10/644,129, filed Aug. 20, 2003 which
claims the benefit of U.S. Provisional Application Ser. No.
60/404,662, filed August 20, 2002, which are incorporated
herein by reference. This application also claims the benefit
of U.S. Provisional Application Ser. No. 60/572,806, filed
May 20, 2004, which is also incorporated by reference.

TECHNICAL FIELD

[0002] This invention relates to medical devices and more
particularly, to endoluminal devices suitable for various
medical applications and the methods for making and using
such endoluminal devices.

BACKGROUND OF THE INVENTION

[0003] This invention will be discussed in relation to
endoluminally deployed stent grafts but the invention is not
so limited and can also be applied to the grafts for the human
or animal body and where biological fixation is a desired or
necessary function.

[0004] Throughout this specification, when discussing the
application of this invention to the aorta or other blood
vessels, the term “distal” with respect to an abdominal
device is intended to refer to a location that is, or a portion
of the device that when implanted is, further downstream
with respect to blood flow; the term “distally” means in the
direction of blood flow or further downstream. The term
“proximal” is intended to refer to a location that is, or a
portion of the device that when implanted is, further
upstream with respect to blood flow; the term “proximally”
means in the direction opposite to the direction of blood flow
or further upstream.

[0005] The functional vessels of human and animal bod-
ies, such as blood vessels and ducts, occasionally weaken or
even rupture. For example, the aortic wall can weaken,
resulting in an aneurysm. Upon further exposure to hemo-
dynamic forces, such an aneurysm can rupture. One study
showed that in Western European and Australian men who
are between 60 and 75 years of age, aortic aneurysms greater
than 29 mm in diameter are found in 6.9% of the population,
and those greater than 40 mm are present in 1.8% of the
population.

[0006] One intervention for weakened, aneurysmal or
ruptured vessels is the use of an endoluminal device or
prosthesis such as a stent graft to provide some or all of the
functionality of the original, healthy vessel and/or preserve
any remaining vascular integrity by replacing a length of the
existing vessel wall that contains the site of vessel weakness
or failure. Stent grafts for endoluminal deployment are
generally formed from a tube of a biocompatible material
and one or more stents to maintain a lumen therethrough.
Stent grafts effectively exclude the aneurysm by sealing both
proximally and distally to the aneurysm, and shunting blood
through its length. A device of this type can, for example,
treat various arterial aneurysms, including those in the
thoracic aorta, abdominal aorta, iliac, or hypogastric artery.
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[0007] Two closely related aspects of stent graft function
are sealing and fixation. The stent graft typically engages the
wall of the lumen on both ends of the aneurysm or other
defect, at proximal and distal regions referred to as landing
or scaling zones. The sealing zones are typically near the
termini of the stent grafts. The seal between the stent graft
and the vascular wall is typically formed at these locations
as a result of the circumferential apposition of the stent graft
to the vascular wall. Apposition is typically maintained by
the radial force exerted by stents fixed to the stent graft.

[0008] It is also desirable to fix, or anchor, the stent graft
in place. For some abdominal aortic aneurysm stent grafts,
proximal fixation in the neck region of the aorta is critical for
long term durability of endoluminal repair. Fixation of the
stent graft in part depends on mechanical anchoring mecha-
nisms. One anchoring mechanism, the frictional forces
between the stent graft and aortic wall, may be created by the
interference fit between the stent graft and aorta wall. The
frictional forces may be supported by an underlying stent or
stents. The practice of over-sizing a device for the lumen
into which it is to be placed may also increase these
frictional forces. Fixation may also be assisted by small
hooks or barbs that extend from the stent graft and com-
pletely penetrate the arterial wall. In both cases, fixation is
immediate and does not require long term biological inter-
action. In contrast, tissue encapsulation may also occur in
some devices over a longer time frame. Exposed stainless
steel stent struts and other parts of the stent graft may
eventually become completely encapsulated by tissue
growth, thereby assisting fixation.

[0009] The bifurcated stent graft, one example of an
endoluminal device, is known for use in treating abdominal
aortic aneurysms, where the stent graft at the proximal end
defines a single lumen for placement within the aorta and at
the other end bifurcates into the iliac arteries. One such stent
graft, disclosed in PCT application W098/53761 is useful
for repair of abdominal aortic aneurysms. That application
discloses a stent graft that includes a sleeve or tube of
biocompatible graft material such as woven polyester fabric
or polytetrafluoroethylene (PTFE) defining a main lumen
and two iliac limbs. The stent graft further includes several
stents secured therealong. The stent graft is designed to span
an aneurysm that extends along the aorta between the iliac
and renal arteries.

[0010] Inthe WO98/53761 application, the fabric-covered
portion of the single-lumen proximal end of the stent graft
bears against the wall of the aorta above the aneurysm and
distal to the renal arteries to seal off the aneurysm. Thin wire
struts of a juxtarenal attachment stent traverse the renal
artery ostia without occluding them. Barbs on the attach-
ment stent help anchor the stent graft in place.

[0011] An extension module is attached to one of the limbs
of the stent graft to extend through a respective iliac artery
and, optionally, an iliac extension module can be connected
to the other leg. The deployment of a modular stent graft into
the lumen of a patient from a remote location by the use of
a deployment device or introducer assembly is disclosed in
the same patent application. PCT application W098/53761
is incorporated herein by reference.

[0012] One stent graft approved by the Food and Drug
Administration (FDA) to treat aortic aneurysms is the
ZENITH® AAA Endovascular Graft (Cook Incorporated,
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Bloomington, Ind.). The ZENITH® AAA Endovascular
Graft is made up of three prosthetic modules: a bifurcated
main body module and two leg modules. The main body is
positioned in the aorta. The legs are positioned in the iliac
arteries and connect to the main body. The stent graft thus
extends from a section of the aorta, typically below the renal
arteries and into both iliac arteries. The graft material is
made of a woven polyester fabric like that used in open
surgical repair. Standard surgical suturing techniques are
used to sew the graft material to a frame of stainless steel
stents. These self-expanding stents provide support for the
graft material.

[0013] Through the physiological process of arterial dis-
ease and aneurysm growth, both fixation and sealing may
become compromised. For example, the neck of the aorta
can further dilate due to disease, normal aging or the
outward force of the stent. A stent graft may thereby lose its
seal, thus allowing an endoleak to form. Naturally,
endoleaks can be a serious problem, preventing the pros-
thesis from performing its function. An endoleak, even a
relatively small one, may result in the aneurysm repressur-
izing, increasing the risk of rupture. Loss of the apposition
and interference fit may also reduce the frictional forces that
keep the stent graft in place. Furthermore, the fixation
provided by barbs can be under risk due to the failure of the
fixation barbs or local tearing of the aortic wall. Loss of
fixation is highly undesirable and may also contribute to
patient mortality and morbidity. For some stent grafts, loss
of fixation and resulting migration may result in the occlu-
sion of one or more blood vessels. Stent graft migration
itself can cause type I endoleaks and increase the necessity
for surgical intervention to repair the endoleaks.

SUMMARY OF THE INVENTION

[0014] In one aspect of the invention there is an endolu-
minal device that comprises a stent and a tubular graft
supported by the stent. The graft has a proximal and a distal
opening and comprises a synthetic material and a bioremod-
elable material. The bioremodelable material forms an exte-
rior surface in at least one band adjacent at least one of the
proximal and distal openings.

[0015] In another aspect of the invention there is an
endoluminal device that comprises a first prosthetic module
having an opening at one end and a first exterior surface. The
device further comprises a bioremodelable material dis-
posed on the first exterior surface in a first band and a second
prosthetic module having an opening at one end and a
second exterior surface. The first and second prosthetic
modules are connected by inserting the one end of the
second module into the one end of the first module to form
an overlap region.

[0016] In yet another aspect of the invention there is an
endoluminal device that comprises a first prosthetic module
having an opening at one end, a bioremodelable material
disposed within a band on the first prosthetic module, and a
second prosthetic module having an opening at one end. The
first and second prosthetic modules are connected by insert-
ing the one end of the first module into the one end of the
second module to form an overlap region. At least a portion
of the second prosthetic module that overlaps the band is
porous.
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[0017] In yet another aspect of the invention there is a
method of making an endoluminal device that comprises
forming a graft material into a tube with a proximal and a
distal opening and incorporating a bioremodelable material
into the graft material so as to provide a band of bioremod-
elable material disposed on an exterior surface of the tube
and adjacent at least one of the proximal and distal openings.
The method further comprises affixing a stent so as to
support the tube.

[0018] In yet another aspect of the invention there is a
method of reducing endoluminal device endoleaks that
comprises providing an endoluminal device comprising a
tubular graft supported by a stent. The tubular graft com-
prises a synthetic material and a bioremodelable material.
The bioremodelable material forms an exterior surface in at
least one band adjacent at least one of the proximal and
distal openings. The method further comprises deploying the
endoluminal device into a body lumen.

BRIEF DESCRIPTION OF THE DRAWING

[0019] FIG. 1 depicts a side view of an illustrative
embodiment of the present invention in which the graft
portion includes a proximal cuff portion;

[0020] FIG. 2 depicts a side view of an embodiment of the
present invention where the cuff portion includes an external
sealing zone comprising a frayed portion;

[0021] FIG. 3 depicts an in situ view of the embodiment
of FIG. 2;

[0022] FIG. 4 depicts a cross-sectional view of the cuff of
FIG. 2;

[0023]
FIG. 2;

[0024] FIG. 6 depicts a cross-sectional embodiment of the
present invention wherein the free edge of the cuff portion
is directed toward the first end of the graft;

FIG. 5 depicts the free edge of the cuff portion of

[0025] FIG. 7 depicts an alternative cuff embodiment
wherein a fringe is cut into the free edge of the graft
material;

[0026] FIG. 8 depicts an alternative embodiment of the
present invention wherein the external sealing zone com-
prises a band of extracellular matrix material (“‘ECMM”)
attached to the graft;

[0027] FIG. 9 depicts an alternative embodiment of the
present invention in which the frayed portion includes
additional structure to promote thrombus formation and/or
tissue ingrowth;

[0028] FIG. 10 depicts an alternative embodiment of the
present invention wherein the cuff portion comprises a
portion of the graft material extending over the leading edge
of a cannula stent;

[0029] FIG. 11 depicts a partially sectioned detail view of
an alternative embodiment in which the proximal anchoring
stent is attached underneath the cuff portion;

[0030] FIG. 12 depicts an enlarged side view of an
alternative embodiment in which the proximal anchoring
stent is attached about the edge comprising the first end of
the graft material;
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[0031] FIG. 13 depicts a partially sectioned side view of
an alternative embodiment in which the cuff portion com-
prises a layer of material separate to the main body portion
of the graft;

[0032] FIG. 14 depicts a side of an embodiment in which
the cuff portion comprises a plurality of flaps;

[0033] FIG. 15 depicts a modular bifurcated aortic stent
graft with ECMM bands, implanted within an aneurysmal
aorta;

[0034] FIG. 16 depicts a modular bifurcated aortic stent
graft with ECMM bands;

[0035] FIG. 17 depicts the stent graft similar to that of
FIG. 16 after implantation within an aneurysmal aorta;

[0036] FIG. 18 depicts an aortouni-iliac stent graft with
ECMM bands adjacent its openings and near its modular
interconnection;

[0037] FIG. 19a depicts an implanted fenestrated aortic
stent graft, with an ECMM band encompassing the fenes-
trations;

[0038] FIG. 19b depicts a partial side view of the stent
graft of FIG. 19a before implantation;

[0039] FIG. 19c depicts a fenestrated stent graft with an
ECMM band around the fenestration;

[0040] FIGS. 20a-g schematically depict various loca-
tions for incorporation of ECMM relative to the intercon-
nection between two prosthetic modules;

[0041] FIG. 21 depicts the interconnection of two pros-
thetic modules where ECMM is incorporated into the inner
prosthetic module and exposed through the pores in the
outer prosthetic module;

[0042] FIG. 22 depicts an iliac limb prosthetic module
interconnected with a hypogastric branch module and
ECMM bands near the interconnection;

[0043] FIG. 23a depicts a band of ECMM sutured around
a tubular graft;

[0044] FIG. 23b is a schematic view of a multilaminate
ECMM construct affixed to a tubular graft;

[0045] FIG. 23c depicts a helical band of ECMM sutured
around a tubular graft;

[0046] FIG. 23d depicts a tubular ECMM construct that
forms the end of a tubular graft;

[0047] FIG. 23e depicts an intervening ECMM band that
connects two discontinuous synthetic tubes;

[0048] FIG. 24 depicts two ECMM filaments or thread
sewn into a stent graft;

[0049] FIG. 25 depicts ECMM filaments or thread that
form a terry cloth surface on the stent graft;

[0050] FIG. 26 depicts a bifurcated aortic stent graft that
has terry cloth ECMM at the modular termini and near the
bifurcation;

[0051] FIGS. 27a-d depict various stitches that can be
used to sew ECMM filaments or thread into the stent graft;

[0052] FIGS. 28a-b depict ECMM filaments or threads
woven into the graft fabric;
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[0053] FIG. 29 depicts a perspective view of a portion of
a stent graft having an ECMM band;

[0054] FIG. 30 depicts an enlarged view of a portion of a
graft material showing how ECMM can be impregnated into
the graft material;

[0055] FIG. 31 depicts an enlarged view of a portion of
the resulting graft material;

[0056] FIG. 32 depicts an enlarged view of a portion of
the graft material showing an alternative arrangement by
which ECMM can be associated with and into the graft
material;

[0057] FIG. 33 depicts a second stage of the process
started in FIG. 32;

[0058] FIG. 34 depicts an enlarged view of a portion of
the graft material that can result from the methods of FIGS.
32 and 33,

[0059] FIG. 35 depicts an enlarged view of a portion of a
graft material showing a further method by which ECMM
can be impregnated into the graft material;

[0060] FIG. 36 depicts a perspective view of a portion of
a stent graft incorporating the embodiment of the biological
fixation arrangement shown in FIG. 36; and

[0061] FIG. 37 depicts an introducer and a bifurcated
stent graft.

DETAILED DESCRIPTION

[0062] For the purpose of promoting an understanding of
the principles of the invention, reference will now be made
to certain preferred embodiments thereof and specific lan-
guage will be used to describe the same. It will nevertheless
be understood that no limitation of the scope of the invention
is thereby intended, any alterations, further modifications
and applications of the principles of the invention as
described herein being contemplated as would normally
occur to one skilled in the art to which the invention relates.

[0063] In order to provide a clear and consistent under-
standing of this specification and these claims, the following
definitions are provided.

[0064] “Bioburden” refers to the number of living micro-
organisms, reported in colony-forming units (CFU), found
on and/or in a given amount of material. Illustrative micro-
organisms include bacteria, fungi and their spores.

[0065] “Disinfection” refers to a reduction in the biobur-
den of a material.

[0066] “Sterile” refers to a condition wherein a material
has a bioburden such that the probability of having one
living microorganism (CFU) on and/or in a given section of
the material is about one in one-million or less.

[0067] “Pyrogen” refers to a substance which produces
febrile response after introduction into a host.

[0068] “Endotoxin” refers to a particular pyrogen which is
part of the cell wall of gram-negative bacteria. Endotoxin is
continually shed from the bacteria.

[0069] “Purification” refers to the treatment of a material
to remove one or more contaminants which occur with the
material, including contaminants with which the material
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occurs in nature, and/or microorganisms or components
thereof occurring on the material. Illustratively, the contami-
nants may be those known to cause toxicity, infectivity,
pyrogenicity, irritation potential, reactivity, hemolytic activ-
ity, carcinogenicity and/or immunogenicity.

[0070] “Prosthesis” refers to any replacement for a body
part or function of that body part. It can also mean a device
that enhances or adds functionality to a physiological sys-
tem.

[0071] “Prosthetic module” refers to a unit of an endolu-
minal prosthesis. Two or more modules can be intercon-
nected to assemble a modular endoluminal prosthesis, such
as a modular stent graft.

[0072] “Endoluminal” refers to or describes objects that
can be placed inside a lumen in a human or animal body. A
lumen can be an existing lumen or a lumen created by
surgical intervention. This includes lumens such as blood
vessels, parts of the gastrointestinal tract, ducts such as bile
ducts, parts of the respiratory system, etc. “Endoluminal
device” or “endoluminal prosthesis” thus describes devices
that can be placed inside one of these lumens.

[0073] “Tubular” refers to the general shape of an endolu-
minal device which allows the device to carry fluid along a
distance or fit within a tubular structure such as an artery.
Tubular prosthetic modules include both branched and bifur-
cated modules.

[0074] «Stent” refers to any device or structure that adds
rigidity, expansion force or support to a prosthesis. The stent
may be coated with a polymeric film by immersion in molten
polymer or any other method known to one of skill in the art.

[0075] «Stent graft” refers to a type of endoluminal pros-
thesis made of a tubular material and supported by at least
one stent.

[0076] “Filament” refers to a long fiber. In this specifica-
tion, it generally refers to a long fiber of ECMM.

[0077] “Thread” refers to a combination of filaments that
are joined to form a composite strand of material suitable for
weaving, sewing, or otherwise incorporating into a textile.
In this specification, “thread” can refer to multiple filaments
that are twisted, laid together (a zero-twist thread), knitted,
woven or spun (i.e., yam). One or more of the component
filaments may be an ECMM filament, as described above

[0078] “Band” refers to a circumferential region on a
tubular prosthetic module. The band does not have to be of
a consistent width through the circumference. The length of
the band (as opposed to its circumference) is by definition
shorter than the length of the endoluminal device on which
it is disposed.

[0079] “Biocompatible” describes something, such as cer-
tain types of ECMM, that can be substantially non-toxic in
the in vivo environment of its intended use, and is not
substantially rejected by the patient’s physiological system
(i.e., is non-antigenic). This can be gauged by the ability of
a material to pass the biocompatibility tests set forth in
International Standards Organization (ISO) Standard No.
10993 and/or the U.S. Pharmacopeia (USP) 23 and/or the
U.S. Food and Drug Administration (FDA) blue book
memorandum No. G95- 1, entitled “Use of International
Standard ISO-10993, Biological Evaluation of Medical
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Devices Part-1: Evaluation and Testing.” Typically, these
tests measure a material’s toxicity, infectivity, pyrogenicity,
irritation potential, reactivity, hemolytic activity, carcinoge-
nicity and/or immunogenicity. A biocompatible structure or
material, when introduced into a majority of patients, will
not cause a significantly adverse reaction or response. Fur-
thermore, biocompatibility can be affected by other con-
taminants such as prions, surfactants, oligonucleotides, and
other agents or contaminants.

[0080] “Bioremodeling” refers to the process by which a
non-host matrix is processed by the physiological environ-
ment to become more like the host tissue. This process may
include the production of structural collagen, vasculariza-
tion, and epithelialization by the ingrowth of host cells; this
may occur at a rate faster or slower than other biodegrada-
tion processes. A “bioremodelable material” is thus a mate-
rial that, when implanted in a body, can be subjected to the
process of and/or facilitate bioremodeling and tissue
ingrowth, and does not include materials that act only as
permanent scaffolds. Bioremodelable materials include
polylactic acid and polyglycolic acid matrices, which may or
may not be seeded with growth factors and other bioactive
substances. Such synthetic matrices are described in U.S.
patent application Ser. No. 09/849/141, filed May 4, 2001.
Bioremodelable materials may also include other materials
such as electrospun collagen (Nanomatrix, Inc., Dallas,
Tex.), which may allow the ingrowth of host tissue, and
facilitate the deposition of growth factors and other proteins
in the bioremodeling process. Bioremodelable materials also
include materials harvested from animals, such as ECMMs,
which are discussed elsewhere in this application.

[0081] “Contaminant” refers to an unwanted substance on,
attached to, or within, a material. This includes, but is not
limited to: bioburden, endotoxins, processing agents such as
antimicrobial agents, blood, blood components, viruses,
DNA, RNA, spores, fragments of unwanted tissue layers,
cellular debris, and mucosa.

[0082] “Extracellular matrix” is a collagen-rich substance
that is found in between cells in animal tissue and serves as
a structural element in tissues. It is typically a complex
mixture of polysaccharides and proteins secreted by cells.
The extracellular matrix can be isolated and treated in a
variety of ways. Following isolation and treatment, it is
referred to as an “extracellular matrix material,” or ECMM.
ECMMs may be isolated from submucosa (including small
intestine submucosa), stomach submucosa, urinary bladder
submucosa, tissue mucosa, dura mater, liver basement mem-
brane, pericardium or other tissues.

[0083] “Tela submucosa” or “submucosa” refers to a layer
of collagen-containing connective tissue occurring under the
mucosa in most parts of the alimentary, respiratory, urinary
and genital tracts of animals. Tela submucosa is a preferred
source of ECMM.

[0084] The apposition and fixation of an endoluminal
device to the surrounding vascular wall may be improved by
incorporating purified ECMM into the device where it
apposes the vascular wall (i.e., at the sealing zone). This
approach harnesses the ECMM’s ability to improve circum-
ferential apposition and sealing while retaining aspects of
the mechanical profile of the non-ECMM device materials.
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[0085] Upon implantation into a host, ECMM may
undergo bioremodeling and induce the growth of endog-
enous tissues. ECMM may be able to serve as a matrix for,
promote and/or induce the growth of endogenous tissue.
Common events related to this bioremodeling process may
include: widespread and rapid neovascularization, prolifera-
tion of granulation mesenchymal cells, biodegradation/re-
sorption of implanted ECMM, and reduction of immune
response.

[0086] For some vascular grafts, cellular ingrowth is
important to create a seal, fix the graft in place and avoid the
formation of thrombus. One of the most thrombo-resistant
material known is a monolayer of endothelial cells. Without
cell ingrowth or infiltration, it has been difficult to achieve
a monolayer of endothelial cells using traditional graft
materials. Also, without cellular ingrowth, fixation and
sealing of the device is left to mechanical means, which
could fail over time.

[0087] Studies have shown that warm-blooded vertebrate
submucosa may be capable of inducing host tissue prolif-
eration, bioremodeling and regeneration of tissue structures
following implantation in a number of in vivo microenvi-
ronments including lower urinary tract, body wall, tendon,
ligament, bone, cardiovascular tissues and the central ner-
vous system. Upon implantation, cellular infiltration and a
rapid neovascularization may be observed and the submu-
cosa material may be bioremodeled into host replacement
tissue with site-specific structural and functional properties.
This may occur as a result of one or more of the components
of submucosa including, for example, glycosaminoglycans,
glycoproteins, proteoglycans, and/or growth factors, includ-
ing Transforming Growth Factor-a, Transforming Growth
Factor-f3, and/or Fibroblast Growth Factor 2 (basic).

[0088] ECMM can be obtained from any suitable source
and can be purified in any way known to those of skill in the
art. It is preferred, however, that ECMM not be antigenic or
contain contaminants that render the material non-biocom-
patible. The other desirable characteristics of properly pre-
pared ECMM are adequate strength, resistance to infection,
resistance to excessively rapid biological degradation, non-
thrombogenicity and lack of aneurysm formation.

[0089] ECMM is preferably obtained from human or other
mammalian sources, including animals raised for meat pro-
duction, e.g., pigs, cattle and sheep or other warm-blooded
vertebrates. More specifically, ECMM is preferably made
from a submucosa isolated from the alimentary, respiratory,
urinary or genital tracts, renal capsule or other appropriate
sources. Purified submucosa may be prepared from these
tissue sources by delaminating the purified submucosa from
both the smooth muscle layers and the mucosal layers. The
preparation of intestinal submucosa is described in U.S. Pat.
No. 4,902,508, and the preparation of tela submucosa is
described in U.S. patent application Ser. No. 08/916,490,
filed Aug. 22, 1997, both of which are incorporated herein
by reference. The preparation of submucosa is also
described in U.S. Pat. No. 5,733,337 and in 17 Nature
Biotechnology 1083 (Nov. 1999); and WIPO Publication
WO 98/22158, dated 28 May 1998, which is the published
application of PCT/US97/14855.

[0090] In addition to xenogenic biomaterials, autologous
tissue can be harvested as well. Additionally elastin or
elastin-like polypeptides (ELPs) and the like offer potential
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as a biologically active ECMM. Another alternative is the
use of allographs such as harvested native valve tissue. Such
tissue is commercially available in a cryopreserved state.

[0091] Purified tela submucosa, a preferred type of
ECMM, has been previously described in U.S. Pat. Nos.
6,206,931, 6,358,284 and 6,666,892 as a bio-compatible,
non-thrombogenic material that enhances the repair of dam-
aged or diseased host tissues. U.S. Pat. Nos. 6,206,931,
6,358,284 and 6,666,892 are incorporated herein by refer-
ence. Purified submucosa extracted from the small intestine
(“small intestine submucosa” or “SIS”) is a more preferred
type of ECMM for use in this invention. Another type of
ECMM, isolated from liver basement membrane, is
described in U.S. Pat. No. 6,379,710, which is incorporated
herein by reference. ECMM may also be isolated from
pericardium, as described in U.S. Pat. No. 4,502,159, which
is also incorporated herein by reference.

[0092] Tela submucosa, as with many animal tissues, is
generally aseptic in its natural state, provided that the human
or animal does not have an infection or disease. This is
particularly the case since the tela submucosa is an internal
layer within the alimentary, respiratory, urinary and genital
tracts of animals. Accordingly, it is generally not exposed to
bacteria and other cellular debris, in contrast to the epithe-
lium of the intestinal tract and other tissues. By disinfecting
the source tissue for the tela submucosa prior to delamina-
tion, the aseptic state of the tela submucosa layer can be at
least substantially preserved, particularly if the delamination
process occurs under sterile conditions.

[0093] In particular, it has been discovered that disinfect-
ing the tela submucosa source tissue, followed by delami-
nating the tela submucosa from the tunica muscularis and
the tunica mucosa, minimizes the exposure of the tela
submucosa to bacteria and other contaminants. This may
also minimize exposure of the isolated tela submucosa
matrix to disinfectants or sterilants, if desired, thus substan-
tially preserving the inherent biochemical profile of the tela
submucosa and many of the tela submucosa’s beneficial
properties.

[0094] Tela submucosa tissues are preferably derived from
the alimentary tract of mammals and more preferably from
the small intestinal tract of pigs. A preferred source of whole
small intestine is mature adult pigs weighing greater than
about 450 pounds. Intestines harvested from healthy, non-
diseased animals will contain blood vessels and blood
supply within the intestinal tract, as well as various microbes
such as E. coli contained within the lumen of the intestines.
Therefore, disinfecting the whole intestine prior to delami-
nation of the tela submucosa substantially removes these
contaminants and provides a preferred implantable tela
submucosa tissue which is substantially free of blood and
blood components as well as any other microbial organisms,
pyrogens or other pathogens that may be present.

[0095] Itis also desirable that ECMM be substantially free
of any antibiotics, antiviral agents or any antimicrobial
agents which may affect the inherent biochemical profile of
the matrix and its efficacy upon implantation. One method of
treating such tissue material includes rinsing the delami-
nated tissue in saline and soaking it in an antimicrobial
agent, for example, as disclosed in U.S. Pat. No. 4,956,178,
which is incorporated herein by reference. However, pre-
ferred processes avoid the use of antimicrobial agents and
the like, which may affect the biochemical profile of the
matrix and/or be unnecessarily introduced into the patient.

-30 -



US 2005/0273155 Al

[0096] Implantable tela submucosa collagen matrix may
be obtained by first disinfecting a tela submucosa source
prior to removing a purified collagen matrix including the
tela submucosa layer, e.g., by delaminating the tela submu-
cosa source. Certain processing advantages as well as
improved properties of the resultant tela submucosa layer
may be obtained by this process, including greater ease in
removing attached tissues from the submucosa layer and a
low contaminant profile.

[0097] The tela submucosa source tissue (e.g., porcine
small intestine) is preferably rinsed one or more times with
a solvent, suitably water. The rinsing step is followed by
treatment with a disinfecting agent, preferably an oxidizing
agent. Preferred disinfecting agents are peroxy compounds,
preferably organic peroxy compounds, and more preferably
peracids. Such disinfecting agents are desirably used in a
liquid medium, preferably a solution, having a pH of about
1.5 to about 10, more preferably a pH of about 2 to about 6,
and most preferably a pH of about 2 to about 4. The
disinfecting agent will generally be used under conditions
and for a period of time which provide the recovery of
purified ECMM as described herein, preferably being essen-
tially free from pyrogens and any bioburden. Disinfection
involves immersing the tissue source (e.g., by submersing or
showering) in a liquid medium containing the disinfecting
agent for a period of at least about 5 minutes, typically in the
range of about 5 minutes to about 40 hours, and more
preferably in the range of about 0.5 hours to about 5 hours.

[0098] A preferred peroxy disinfecting agent is an aqueous
solution of hydrogen peroxide. The concentration of hydro-
gen peroxide can range from about 0.05% to about 30% by
volume. The hydrogen peroxide concentration is more pref-
erably from about 1% to about 10% by volume and most
preferably from about 2% to about 5% by volume. The
solution is preferably buffered to a pH from about 5 to about
9, more preferably from about 6 to about 7.5. These con-
centrations can be diluted in water or in an aqueous solution
of about 2% to about 30% by volume alcohol (preferably
ethanol). The solution temperature can range from about 15
to about 50° C. The solution temperature is more preferably
from about 20 to about 40° C., most preferably from about
32 to about 37° C. The exposure time can range from about
10 to about 400 minutes, preferably from about 120 to about
240 minutes, more preferably from about 180 to about 210
minutes.

[0099] A preferred organic peroxide disinfecting agent is
an aqueous solution of perpropionic acid. The concentration
of perpropionic acid may range from about 0.1% to about
10% by volume, more preferably from about 0.1% to about
1.0% by volume, and most preferably from about 0.2% to
about 0.5% by volume. These concentrations of perpropi-
onic acid can be diluted in water or in an aqueous solution
of about 2% to about 30% by volume alcohol (ethanol is
preferred). The tela submucosa tissue source can be exposed
to the organic peroxide solution for periods from about 15
minutes to about 40 hours, and more preferably in the range
of about 0.5 hours to about 8 hours. Other peroxy disinfect-
ing agents are suitable for use as described in “Peroxygen
Compounds” in Disinfection, Sterilization and Preservation,
167-181 (S. Block ed., Lea & Febiger, 1991) and M. G. C.
Baldry and J. A. L. Fraser “Disinfection with Peroxygens”
in Industrial Biocides, 91-116 (K. Payne ed., John Wiley &
Sons, 1988).
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[0100] Another oxidizing disinfecting agent is an aqueous
solution of chlorhexidine (1,6-di(4-chlorophenyldiguani-
do)hexane) in its digluconate form. The concentration of
chlorhexidine digluconate may range from about 0.1% to
about 15% by weight, more preferably from about 0.1% to
about 2% by weight, and most preferably from about 0.2%
to about 5% by weight. The solution is preferably buffered
to a pH from about 5 to about 8, or more preferably from
about 5.5 to about 7. These concentrations may be diluted in
water or in an aqueous solution of about 2% to about 20%
by volume alcohol, more preferably of about 5% to about
10%. The solution temperature may range from about 15 to
about 30° C. The exposure time may range from about 10 to
about 400 minutes, more preferably from about 30 to about
60 minutes. Other chlorine agents are described in G. W.
Denton, “Chlorhexidine” in Disinfection, Sterilization and
Preservation, 274-289 (S. Block ed., Lea & Febiger, 1991).

[0101] In preferred preparative processes, a peracid or
other disinfecting agent may be dissolved in a dilute aqueous
alcohol solution, wherein the alcohol has from 1 to about 6
carbon atoms, and wherein the alcohol is from about 1% to
about 30% by volume of the solution. More preferred
alcohols for use in the invention are selected from the group
consisting of ethanol, propanols and butanols. Ethanol is the
preferred alcohol for these purposes.

[0102] When a peracid is used in the disinfection, it is
preferably selected from the group consisting of peracetic
acid, perpropionic acid or perbenzoic acid. Peracetic acid is
the preferred disinfecting agent. The peracetic acid is pref-
erably diluted into about a 2% to about 10% by volume
aqueous alcohol solution. The concentration of the peracetic
acid is preferably about 0.05% by volume to about 1.0% by
volume, and more preferably from about 0.1% to about 0.3%
by volume. Hydrogen peroxide can also be used as a
disinfecting agent.

[0103] Alternatively, or in addition, the tela submucosa
tissue source may be disinfected utilizing disinfecting agents
such as glutaraldehyde, formaldehyde and the like, prefer-
ably at an acidic pH. These disinfecting agents are known for
their ability to introduce substantial crosslinking into col-
lagen matrices, in contrast to the action of other disinfecting
agents such as peracids which can be used to disinfect
without introducing such crosslinking. Additionally, the tela
submucosa source can be treated with radiation, e.g., 1-4
Mrads or more preferably 1-2.5 Mrads gamma radiation, for
purposes of disinfection.

[0104] Variations on the disinfection process can also
include one or more of the following:

[0105] 1. Intestine is treated with 0.2% peracetic acid, 5%
ethanol aqueous solution at a ratio of 10:1 solution to
intestine ratio by weight. Solution has a pH of 2.6. Solution
and intestine are vigorously mixed for two hours.

[0106] 2. Intestine is treated with 1% peracetic acid, 25%
ethanol aqueous solution at a ratio of 5:1 solution to intestine
ratio by weight. Solution has a pH of 2. Solution and
intestine are vigorously mixed for one hour.

[0107] 3. Intestine is treated with 1% peracetic acid, 15%
ethanol, and 10% hydrogen peroxide aqueous solution at a
ratio of 5:1 solution to intestine ratio by weight. Solution and
intestine are vigorously mixed for one hour.
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[0108] 4. Whole small intestine is rinsed four times with
high purity water for 15 minutes. The intestine is then
subjected to 1.5 Mrad Electron Beam radiation.

[0109] 5. Whole small intestine is rinsed four times with
high purity water for 15 minutes. Lengthwise along a
conveyor belt, the intestine is subjected to high-intensity
pulsed light which disinfects the intestine.

[0110] Following the trcatment as described above, the
tela submucosa layer is delaminated from its source, e.g.,
whole intestine, cow uterus and the like. It has been found
that by following this post-disinfection stripping procedure,
it may be easier to separate the tela submucosa layer from
the attached tissues (at least from attached tunica muscularis
tissue), as compared to stripping the tela submucosa layer
prior to disinfection. Moreover, it has been discovered that
the resultant tela submucosa layer in its most preferred form
may exhibit superior histology because there is less attached
tissue and debris on the surface compared to a tela submu-
cosa layer obtained by first delaminating the tela submucosa
layer from its source and then disinfecting the layer. Fur-
thermore, the tela submucosa tissue obtained from this
process may be more uniform with respect to physical and
biochemical properties throughout a single tissue sample
and across separate processing runs. Importantly, a highly
purified, substantially sterile tela submucosa may be
obtained by this process.

[0111] The stripping of the tela submucosa source is
preferably carried out by utilizing a disinfected or sterile
casing machine, to produce a tela submucosa which is
substantially sterile and which has been minimally pro-
cessed. A suitable casing machine is the Model 3-U-400
Stridhs Universal Machine for Hog Casing, commercially
available from the AB Stridhs Maskiner, Gotoborg, Sweden.
As a result of this process, the measured bioburden levels
may be minimal or substantially zero. Other means for
delaminating the tela submucosa source can be employed,
including, for example, delaminating by hand.

[0112] These processes may eliminate or significantly
reduce contaminants contained in the tela submucosa col-
lagen matrix. These processes may also produce a tissue that
exhibits good strength and little degradation of physical and
mechanical properties.

[0113] Following delamination, ECMM can be sterilized
using any conventional sterilization technique including
propylene oxide or ethylene oxide treatment and gas plasma
sterilization. Sterilization techniques which do not adversely
affect the mechanical strength, structure, and biotropic prop-
erties of the purified submucosa are preferred. Preferred
sterilization techniques also include exposing the graft to
ethylene oxide treatment or gas plasma sterilization. Typi-
cally, the purified submucosa is subjected to two or more
sterilization processes. After the purified submucosa is ster-
ilized, for example by chemical treatment, the matrix struc-
ture may be wrapped in a plastic or foil wrap and sterilized
again using electron beam or gamma irradiation sterilization
techniques.

[0114] Preferred ECMM may also be characterized by the
low contaminant levels set forth in Table 1 below. The
contaminant levels in Table 1 may be found individually or
in any combination in a given ECMM sample. The abbre-
viations in Table 1 are as follows: CFU/g=colony forming
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units per gram; PFU/g=plaque forming units per gram;
ug/mg=micrograms per milligram; ppm/kg=parts per mil-
lion per kilogram.

TABLE 1
First Preferred Second Preferred Third Preferred
Level Level Level

ENDOTOXIN <12 EU/g <10 EU/g <5 EU/g
BIOBURDEN <2 CFU/g <1 CFU/g <0.5 CFU/g
FUNGUS <2 CFU/g <1 CFU/g <0.5 CFU/g
NUCLEIC <10 ug/mg <5 ug/mg <2 pg/mg
ACID
VIRUS <500 PFU/g <50 PFU/g <5 PFU/g
PROCESSING <100,000 ppm/kg  <1,000 ppm/kg <100 ppm/kg
AGENT

[0115] Purified ECMM may be further processed in a
number of ways to provide materials suitable for incorpo-
ration into endoluminal devices.

[0116] For example, tela submucosa tissue can also be
processed to provide fluidized compositions, using tech-
niques described in U.S. Pat. Nos. 5,275,826 and 6,264,992,
which are incorporated herein by reference. In this regard,
solutions or suspensions of the tela submucosa can be
prepared by comminuting and/or digesting the tela submu-
cosa with a protease (e.g., trypsin or pepsin), for a period of
time sufficient to solubilize the tissue and form a substan-
tially homogeneous solution. The submucosa starting mate-
rial is desirably comminuted by tearing, cutting, grinding,
shearing or the like. Grinding the submucosa in a frozen or
freeze-dried state is preferred. Good results can also be
obtained by subjecting a suspension of pieces of the sub-
mucosa to treatment in a high speed blender and dewatering,
if necessary, by centrifuging and decanting excess waste.
The comminuted tela submucosa can be freeze-dried or
otherwise dried to form a powder. Thereafter, if desired, the
powder can be combined with water or buffered saline or
otherwise hydrated. Other pharmaceutically acceptable
excipients may be added to form a fluid composition, having
a preferred viscosity of about 2 to about 300,000 cps at 25°
C. The higher viscosity compositions can have a gel or paste
consistency.

[0117] A powder form of tela submucosa may also be
produced. The tissue is first reduced to small pieces, pref-
erably by cutting, and placed in a flat-bottom stainless steel
container. Liquid nitrogen is introduced into the container to
freeze the tissue, which is then comminuted while in the
frozen state to form a coarse tela submucosa powder. Such
processing can be carried out, for example, with a manual
arbor press with a cylindrical brass ingot placed on top of the
frozen specimens. The ingot serves as an interface between
the specimens and the arbor of the press. Liquid nitrogen
may be added periodically to the tela submucosa tissue to
keep it frozen.

[0118] Other methods can be utilized to produce a tela
submucosa powder. For example, tela submucosa specimens
can be freeze-dried and then ground using a manual arbor
press or other grinding means. Alternatively, tela submucosa
can be processed in a high shear blender to produce, upon
dewatering and drying, a tela submucosa powder. Further
grinding of the tela submucosa powder using a prechilled
mortar and pestle can be used to produce a consistent, more
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finely divided product. Liquid nitrogen is used as needed to
maintain solid frozen particles during final grinding. Lyo-
philized or air-dried purified submucosa can be rehydrated
with, for example, buffered saline, and used in accordance
with this invention without significant loss of its biotropic
and mechanical properties.

[0119] To prepare another preferred fluidized material, a
tela submucosa powder can be sifted through a wire mesh,
collected, and subjected to proteolytic digestion to form a
substantially homogeneous solution. For example, the pow-
der can be digested with about 1 mg/ml of pepsin (Sigma
Chemical Co., St. Louis, Mo.) and about 0.1 M acetic acid,
adjusted to about pH 2.5 with HCI, over about a 48 hour
period at room temperature. After this treatment, the reaction
medium can be neutralized with sodium hydroxide to inac-
tivate the peptic activity. The solubilized submucosa can
then be concentrated by salt precipitation of the solution and
separated for further purification and/or freeze-drying to
form a protease-solubilized intestinal submucosa in powder
form. The tela submucosa powder can be used alone, or in
combination with one or more additional bioactive agents
such as physiologically compatible minerals, growth factors,
antibiotics, chemotherapeutic agents, antigen, antibodies,
enzymes and hormones.

[0120] Thread, yarn or fabric used in an endoluminal
device may be impregnated with dry powdered or fluidized
ECMM. This can be performed as the thread is spun or as the
fabric is woven, or can be performed with the final tubular
graft. For example, an appropriate length of synthetic thread
made from polyester filaments can be incubated for a period
in fluidized ECMM like that described above. When the
solution has adequately penetrated or impregnated the
thread, the thread can be dried. The resultant thread may be
sewn or woven into a synthetic fabric as further described
below. Similarly, an end of the prosthesis could be immersed
in an ECMM solution to impregnate the graft material with
ECMM.

[0121] Tt is also possible to form large surface area con-
structs by combining two or more tela submucosa sections
using techniques described in U.S. Pat. Nos. 2,127,903 and
5,711,969, which are incorporated herein by reference.
Thus, a plurality of tela submucosa strips can be fused to one
another, for example by compressing overlapping areas of
the strips under dehydrating conditions, to form an overall
planar construct having a surface area greater than that of
any one planar surface of the individual strips used to form
the construct.

[0122] Variations of the above-described processing pro-
cedures may be used to produce ECMM that may be
incorporated into endoluminal devices. For example, the
source tissue for the tela submucosa, e.g., stomach, whole
intestine, cow uterus and the like, can be partially delami-
nated, treated with a disinfecting or sterilizing agent fol-
lowed by complete delamination of the tela submucosa.
Iustratively, attached mesentery layers, and/or serosa lay-
ers of whole intestine can be removed prior to treatment with
the disinfecting agent, followed by delamination of remain-
ing attached tissues from the tela submucosa. These steps
may or may not be followed by additional disinfection steps,
e.g., enzymatic purification and/or nucleic acid removal.
Alternatively, the tela submucosa source can be minimally
treated with a disinfecting or other such agent, the tela
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submucosa delaminated from the tunica muscularis and
tunica mucosa, followed by a complete disinfection treat-
ment to attain the desired contaminant level(s). All such
variations and modifications of this step are contemplated.

[0123] The sheets or filaments of purified submucosa can
be conditioned, as described in U.S. patent application Ser.
No. 08/916,490, to alter the viscoelastic properties of the
purified submucosa. The purified submucosa is preferably
conditioned by stretching, chemically treating, enzymati-
cally treating or exposing the matrix structure to other
environmental factors. In one embodiment, the strips of
purified tela submucosa are conditioned by stretching in a
longitudinal and/or lateral direction to a strain of no more
than 20%. Strain is the percentage increase in the length of
the material after loading.

[0124] In another embodiment, the purified submucosa is
conditioned by stretching the material longitudinally to a
length longer than the length of the purified submucosa from
which the graft construct was formed. One method of
conditioning the matrix by stretching involves application of
a given load to the purified submucosa for three to five
cycles. Each cycle consists of applying a load to the material
for five seconds, followed by a ten second relaxation phase.
Three to five cycles produces a stretch-conditioned material.
The purified submucosa does not immediately return to its
original size; it remains in a “stretched” dimension. Option-
ally, the purified submucosa can be preconditioned by
stretching in the lateral dimension.

[0125] In one embodiment the purified submucosa is
stretched using 50% of the predicted ultimate load. The
“ultimate load” is the maximum load that can be applied to
the purified submucosa without resulting in failure of the
matrix structure (i.e., the break point of the tissue). Ultimate
load can be predicted for a given strip of purified submucosa
based on the source and thickness of the material. Accord-
ingly, one method of conditioning the matrix structure by
stretching involves application of 50% of the predicted
ultimate load to the purified submucosa for three to ten
cycles. Each cycle consists of applying a load to the material
for five seconds, followed by a ten-second relaxation phase.
The resulting conditioned purified submucosa has a resultant
strain of less than 30%, more typically a strain from about
20% to about 28%. In one preferred embodiment, the
conditioned purified submucosa has a strain of no more than
20%. The resultant conditioned purified submucosa strips or
filaments can be used in the manner described below. The
conditioning process and other relevant processes are
described in U.S. Pat. No. 6,358,284 which is incorporated
herein by reference.

[0126] ECMM, prepared using any variation of the pro-
cesses described above, can be selectively incorporated into
the endoluminal device in one or more bands that form an
exterior surface of the endoluminal device. ECMM can be
incorporated into the graft material by affixing the ECMM to
the graft material so that the ECMM forms a separate but
attached layer on the graft. ECMM may also be incorporated
into the graft by integrating the ECMM into the graft
material or fibers thereof. ECMM is considered to form an
exterior surface of the prosthesis if the ECMM is disposed
on the exterior surface, forms at least a part of an exterior
surface or is partially exposed to the exterior of the pros-
thesis through the graft material. For example, if a band on
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a one-ply synthetic weave is impregnated with ECMM, it is
said that ECMM forms an exterior surface of the device or
the graft material.

[0127] ECMM bands are shorter than the length of the
device or prosthesis, and cover less than the entire area of the
synthetic graft material. The bands are preferably positioned
at or near appropriate targets for fixation and/or encouraging
circumferential apposition to the surrounding vessel. This
selective use of ECMM in the device generally preserves
many of the mechanical characteristics of the synthetic graft
material, while adding the benefits of ECMM described
above.

[0128] Biocompatible fabrics, non-woven materials and
porous sheets may be used as the graft material. Examples
of biocompatible polymers from which porous sheets can be
formed include polyesters, such as poly(ethylene terephtha-
late), polylactide, polyglycolide and copolymers thereof;
fluorinated polymers, such as polytetrafluoroethylene
(PTFE), expanded PTFE and poly(vinylidene fluoride); pol-
ysiloxanes, including polydimethyl siloxane; and polyure-
thanes, including polyetherurethanes, polyurethane ureas,
polyetherurethane ureas, polyurethanes containing carbon-
ate linkages and polyurethanes containing siloxane seg-
ments. In addition, materials that are not inherently biocom-
patible may be subjected to surface modifications in order to
render the materials biocompatible. Examples of surface
modifications include graft polymerization of biocompatible
polymers from the material surface, coating of the surface
with a crosslinked biocompatible polymer, chemical modi-
fication with biocompatible functional groups, and immo-
bilization of a compatibilizing agent such as heparin or other
substances. Thus, any polymer that may be formed into a
porous sheet can be used to make a graft material, provided
the final porous material is biocompatible. Polymers that can
be formed into a porous sheet include polyolefins, polyacry-
lonitrile, nylons, polyaramids and polysulfones, in addition
to polyesters, fluorinated polymers, polysiloxanes and poly-
urethanes as listed above. Preferably the porous sheet is
made of one or more polymers that do not require treatment
or modification to be biocompatible. More preferably, the
porous sheet includes a biocompatible polyurethane.
Examples of biocompatible polyurethanes include THO-
RALON (THORATEC, Pleasanton, Calif.), BIOSPAN,
BIONATE, ELASTHANE, PURSIL and CARBOSIL
(POLYMER TECHNOLOGY GROUP, Berkeley, Calif.).

[0129] Preferably a porous polymeric sheet contains the
polyurethane THORALON. As described in U.S. patent
application Publication No. 2002/0065552 A1, incorporated
herein by reference, THORALON is a polyetherurethane
urea blended with a siloxane-containing surface modifying
additive. Specifically, the polymer is a mixture of base
polymer BPS-215 and an additive SMA-300. The concen-
tration of additive may be in the range of 0.5% to 5% by
weight of the base polymer. The BPS-215 component
(THORATEC) is a segmented polyether urethane urea con-
taining a soft segment and a hard segment. The soft segment
is made of polytetramethylene oxide (PTMO), and the hard
segment is made from the reaction of 4,4'-diphenylmethane
diisocyanate (MDI) and ethylene diamine (ED). The SMA-
300 component (THORATEC) is a polyurethane comprising
polydimethylsiloxane as a soft segment and the reaction
product of MDI and 1,4-butanediol as a hard segment. A
process for synthesizing SMA-300 is described, for
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example, in U.S. Pat. Nos. 4,861,830 and 4,675,361, which
are incorporated herein by reference. A porous polymeric
sheet can be formed from these two components by dissolv-
ing the base polymer and additive in a solvent such as
dimethylacetamide (DMAC) and solidifying the mixture by
solvent casting or by coagulation in a liquid that is a
non-solvent for the base polymer and additive.

[0130] THORALON has been used in certain vascular
applications and is characterized by thromboresistance, high
tensile strength, low water absorption, low critical surface
tension, and good flex life. THORALON is believed to be
biostable and to be useful in vivo in long term blood
contacting applications requiring biostability and leak resis-
tance. Because of its flexibility, THORALON is useful in
larger vessels, such as the abdominal aorta, where elasticity
and compliance is beneficial.

[0131] In addition to THORALON, other polyurethane
ureas may be used as a porous sheet. For example, the
BPS-215 component with a MDI/PTMO mole ratio ranging
from about 1.0 to about 2.5 may be used. Such polyurethane
ureas preferably include a soft segment and include a hard
segment formed from a diisocyanate and diamine. For
example, polyurethane ureas with soft segments such as
polyethylene oxide, polypropylene oxide, polycarbonate,
polyolefin, polysiloxane (i.e. polydimethylsiloxane), and
other polyether soft segments made from higher homolo-
gous series of diols may be used. Mixtures of any of the soft
segments may also be used. The soft segments also may
have either alcohol end groups or amine end groups. The
molecular weight of the soft segments may vary from about
500 to about 5,000 g/mole.

[0132] The diisocyanate used as a component of the hard
segment may be represented by the formula OCN—R—
NCO, where —R— may be aliphatic, aromatic,
cycloaliphatic or a mixture of aliphatic and aromatic moi-
eties. Examples of diisocyanates include tetramethylene
diisocyanate, hexamethylene diisocyanate, trimethyhexam-
ethylene diisocyanate, tetramethylxylylene diisocyanate,
4,4'-decyclohexylmethane diisocyanate, dimer acid diisocy-
anate, isophorone diisocyanate, metaxylene diisocyanate,
diethylbenzene diisocyanate, decamethylene 1,10 diisocy-
anate, cyclohexylene 1,2-diisocyanate, 2,4-toluene diisocy-
anate, 2,6-toluene diisocyanate, xylene diisocyanate, m-phe-
nylene diisocyanate, hexahydrotolylene diisocyanate (and
isomers), naphthylene-1,5-diisocyanat-e, 1-methoxyphenyl
2,4-diisocyanate, 4,4'-biphenylenc  diisocyanate, 3,3-
dimethoxy-4,4'-biphenyl diisocyanate and mixtures thereof.

[0133] The diamine used as a component of the hard
segment includes aliphatic amines, aromatic amines and
amines containing both aliphatic and aromatic moieties. For
example, diamines include ethylene diamine, propane
diamines, butanediamines, hexanediamines, pentane
diamines, heptane diamines, octane diamines, m-xylylene
diamine, 1,4-cyclohexane diamine, 2-methypentamethylene
diamine, 4,4'-methylene dianiline, and mixtures thereof. The
amines may also contain oxygen and/or halogen atoms in
their structures.

[0134] In addition to polyurethane ureas, other polyure-
thanes, preferably those having a chain extended with diols,
may be used as a porous sheet. Polyurethanes modified with
cationic, anionic and aliphatic side chains may also be used.
See, for example, U.S. Pat. No. 5,017,664. Polyurethanes
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may need to be dissolved in solvents such as dimethyl
formamide, tetrahydrofuran, dimethyacetamide, dimethyl
sulfoxide, or mixtures thereof.

[0135] The soft segments of these polyurethanes may
contain any of the soft segments mentioned above, such as
polytetramethylene oxide, polyethylene oxide, polypropy-
lene oxide, polycarbonate, polyolefin, polysiloxane (i.e.,
polydimethylsiloxane), other polyether soft segments made
from higher homologous series of diols, and mixtures of
these soft segments. The soft segments may have amine end
groups or alcohol end groups.

[0136] The hard segment may be formed from any of the
diisocyantes listed above, such as 4,4'-diphenylmethane
diisocyanate, tetramethylene diisocyanate, hexamethylene
diisocyanate, trimethyhexamethylene diisocyanate, tetram-
ethylxylylene diisocyanate, 4,4'-decyclohexylmethane
diisocyanate, dimer acid diisocyanate, isophorone diisocy-
anate, metaxylene diisocyanate, diethylbenzene diisocyan-
ate, decamethylene 1,10 diisocyanate, cyclohexylene 1,2-
diisocyanate,  2,4-toluene  diisocyanate,  2,6-toluene
diisocyanate, xylene diisocyanate, m-phenylene diisocyan-
ate, hexahydrotolylene diisocyanate (and isomers), naphth-
ylene-1,5-diisocyanate, 1-methoxyphenyl 2,4-diisocyanate,
4,4'-biphenylene diisocyanate, 3,3-dimethoxy-4,4'-biphenyl
diisocyanate and mixtures thereof.

[0137] The hard segment may be formed from one or more
polyols. Polyols may be aliphatic, aromatic, cycloaliphatic
or may contain a mixture of aliphatic and aromatic moieties.
For example, the polyol may be ethylene glycol, diethylene
glycol, triethylene glycol, 1,4-butanediol, neopentyl alcohol,
1,6-hexanediol, 1,8-octanediol, propylene glycols, 2,3-bu-
tylene glycol, dipropylene glycol, dibutylene glycol, glyc-
erol, or mixtures thereof.

[0138] In addition, the polyurethanes may also be end-
capped with surface active end groups, such as, for example,
polydimethylsiloxane, fluoropolymers, polyolefin, polyeth-
ylene oxide, or other suitable groups. See, for example the
surface active end groups disclosed in U.S. Pat. No. 5,589,
563, which is incorporated herein by reference.

[0139] The porous polymeric sheet may contain a poly-
urethane having siloxane segments, also referred to as a
siloxane-polyurethane. Examples of polyurethanes contain-
ing siloxane segments include polyether siloxane-polyure-
thanes, polycarbonate siloxane-polyurethanes, and siloxane-
polyurethane ureas. Specifically, examples of siloxane-
polyurethane include polymers such as ELAST-EON 2 and
ELAST-EON 3 (AORTECH BIOMATERIALS, Victoria,
Australia); polytetramethylencoxide (PTMO) and polydim-
ethylsiloxane (PDMS) polyether-based aromatic siloxane-
polyurethanes such as PURSIL-10, -20, and -40 TSPU;
PTMO and PDMS polyether-based aliphatic siloxane-poly-
urethanes such as PURSIL AL-5 and AL-10 TSPU; ali-
phatic, hydroxy-terminated polycarbonate and PDMS poly-
carbonate-based siloxane-polyurethanes such as
CARBOSIL-10, -20, and -40 TSPU (all available from
POLYMER TECHNOLOGY GROUP). The PURSIL, PUR-
SIL -AL, and CARBOSIL polymers are thermoplastic elas-
tomer urethane copolymers containing siloxane in the soft
segment, and the percent siloxane in the copolymer is
referred to in the grade name. For example, PURSIL-10
contains 10% siloxane. These polymers are synthesized
through a multi-step bulk synthesis in which PDMS is
incorporated into the polymer soft segment with PTMO
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(PURSIL) or an aliphatic hydroxy-terminated polycarbonate
(CARBOSIL). The hard segment consists of the reaction
product of an aromatic diisocyanate, MDI, with a low
molecular weight glycol chain extender. In the case of
PURSIL-AL the hard segment is synthesized from an ali-
phatic diisocyanate. The polymer chains are then terminated
with a siloxane or other surface modifying end group.
Siloxane-polyurethanes typically have a relatively low glass
transition temperature, which provides for polymeric mate-
rials having increased flexibility relative to many conven-
tional materials. In addition, the siloxane-polyurethane can
exhibit high hydrolytic and oxidative stability, including
improved resistance to environmental stress cracking.
Examples of siloxane-polyurethanes are disclosed in U.S.
patent application Publication No. 2002/0187288 A1, which
is incorporated herein by reference.

[0140] The porous polymer sheet may contain polytet-
rafluoroethylene or expanded polytetratfluoroethylene
(ePTFE). Films or sheets of ¢PTFE are typically porous
without the need for further processing. The structure of
ePTFE can be characterized as containing nodes connected
by fibrils. Porous ePTFE can be formed, for example, by
blending PTFE with an organic lubricant and compressing it
under relatively low pressure. Using a ram type extruder, the
compressed polymer is then extruded through a die, and the
lubricant is removed from the extruded polymer by drying or
other extraction method. The dried material is then rapidly
stretched and/or expanded at elevated temperatures. This
process can provide for ePTFE having a microstructure
characterized by elongated nodes interconnected by fibrils.
Typically, the nodes are oriented with their elongated axis
perpendicular to the direction of stretch. After stretching, the
porous polymer is sintered by heating it to a temperature
above its crystalline melting point while maintaining the
material in its stretched condition. This can be considered as
an amorphous locking process for permanently setting the
microstructure in its expanded or stretched configuration.
The structure and porosity of ePTFE is disclosed, for
example, in U.S. Pat. Nos. 6,547,815 B2; 5,980,799; and
3,953,566; all of which are incorporated herein by reference.
Structures of porous hollow fibers can be formed from
PTEE, and these porous hollow fibers can be assembled to
provide a cohesive porous sheet. Porous hollow fibers con-
taining PTFE are disclosed, for example, in U.S. Pat. No.
5,024,671, which is incorporated herein by reference.

[0141] Polymers can be processed to be porous sheets
using standard processing methods, including solvent-based
processes such as casting, spraying and dipping, and melt
extrusion processes. Extractable pore forming agents can be
used during processing to produce porous sheets. Examples
of extractable pore forming agents include inorganic salts
such as potassium chloride (KCl) and sodium chloride
(NaCl), organic salts, and polymers such as poly(ethylene
glycol) (PEG) and polyvinylpyrrolidone (PVP). Pore form-
ing agents may have a particle size from about 10 ym to
about 500 um, from about 20 um to about 100 ym, and from
about 10 um to about 40 ym. The amount of pore forming
agent relative to the polymer may be from about 20 percent
by weight (wt %) to about 90 wt %, and from about 40 wt
% to about 70 wt %. These sizes and amounts of pore
forming agents can provide for a high degree of porosity
following extraction of the pore forming agent. The porosity
can be from about 20 wt % to about 90 wt %, and from about
40 wt % to about 70 wt % of the final product.
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[0142] Porous sheets may be in the form of a microporous,
open-celled structure in which the pores are substantially
interconnected. Microporous structures can be formed by
extrusion of a mixture of polymer and one or more blowing
agents. Microcellular polymeric foams can be produced by
exposing the polymer to super-critical CO2 under high
temperature and pressure to saturate the polymer with the
super-critical CO2, and then cooling the polymer. Micro-
cellular foams can be produced as described, for example, in
U.S. Pat. Nos. 4,473,665 and 5,160,674, which are incor-
porated herein by reference. The foaming process can be
carried out on extruded polymer tube by first dissolving an
inert gas such as nitrogen or CO2 under pressure into the
polymer, and then forming microvoids by quickly decreas-
ing the solubility of the gas in the polymer by changing the
pressure or temperature, thus inducing thermodynamic
instability. Examples of microporous polymeric structures
are disclosed, for example, in U.S. Pat. No. 6,702,849 B1,
which is incorporated herein by reference.

[0143] Porous THORALON can be formed by mixing the
polyetherurethane urea, the surface modifying additive and
a particulate substance in a solvent. Preferably the particu-
late is insoluble in the solvent, and the particulate may be
any of a variety of different particulates or pore forming
agents. For example, the solvent may be DMAC, and the
particulate may be an inorganic salt. The composition can
contain from about 5 wt % to about 40 wt % polymer, and
different levels of polymer within the range can be used to
fine tune the viscosity needed for a given process. The
composition can contain less than 5 wt % polymer for some
spray application embodiments. The particulates can be
mixed into the composition. For example, the mixing can be
performed with a spinning blade mixer for about an hour
under ambient pressure and in a temperature range of about
18° C. to about 27° C. The entire composition can be cast as
a sheet, or coated onto an article such as a mandrel or a mold.
In one example, the composition can be dried to remove the
solvent, and then the dried material can be soaked in distilled
water to dissolve the particulates and leave pores in the
material. In another example, the composition can be coagu-
lated in a bath of distilled water. Since the polymer is
insoluble in the water, it will rapidly solidify, trapping some
or all of the particulates. The particulates can then dissolve
from the polymer, leaving pores in the material. It may be
desirable to use warm water for the extraction, for example
water at a temperature of about 60° C. The resulting void-
to-volume ratio can be substantially equal to the ratio of salt
volume to the volume of the polymer plus the salt. The
resulting pore diameter can also be substantially equal to the
diameter of the salt grains.

[0144] The porous polymer sheet can have a void-to-
volume ratio from about 0.40 to about 0.90. Preferably the
void-to-volume ratio is from about 0.65 to about 0.80.
Void-to-volume ratio is defined as the volume of the pores
divided by the total volume of the polymeric layer including
the volume of the pores. The void-to-volume ratio can be
measured using the protocol described in AAMI (Associa-
tion for the Advancement of Medical Instrumentation)
VP20-1994, Cardiovascular Implants—Vascular Prosthesis
section 8.2.1.2, Method for Gravimetric Determination of
Porosity. The pores in the polymer can have an average pore
diameter from about 1 micron to about 400 microns. Pref-
erably the average pore diameter is from about 1 micron to
about 100 microns, and more preferably is from about 1
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micron to about 10 microns. The average pore diameter is
measured based on images from a scanning electron micro-
scope (SEM). Formation of porous THORALON is
described, for example, in U.S. patent application Publica-
tion Nos. 2003/0114917 Al and 2003/0149471 A1, both of
which are incorporated herein by reference.

[0145] ECMM can be incorporated into any kind of
endoluminal device, including stent grafts and other endolu-
minal prostheses, for deployment into the blood vessels,
biliary duct, the esophagus, or other body lumens. In par-
ticular, ECMM bands are preferably incorporated into some
or all of the regions on the graft material which contact or
nearly contact the surrounding vessel wall (i.e., the external
sealing zones). The external sealing zones are typically near
the termini of the device, although the regions can also be
found in other areas such as the bifurcation of a bifurcated
stent graft. The external sealing zones, however, may shift
and/or change size over time and the external sealing zones
can vary depending on the patient’s anatomy and the par-
ticular prosthesis that is implanted. To accommodate these
changes and patient-to-patient variation, it may be prefer-
able to have ECMM bands extend beyond an approximated
initial sealing zone.

[0146] Upon implantation of a prosthesis incorporating
ECMM, ECMM may respond to the surrounding physi-
ological environment in the manner described above by
bioremodeling, promoting cellular infiltration, etc. ECMM
itself may disappear over time, to be replaced by endog-
enous vascular tissue. Because ECMM is incorporated into
the graft material, these responses can stimulate the sur-
rounding tissues to meld or fuse themselves to the ECMM,
and thus to the device, thereby increasing apposition and
anchoring the device in place. Anchoring the prosthetic
modules in this way helps prevent the modules from migrat-
ing and/or separating. Better apposition may help exclude
the aneurysm, thereby preventing the build-up of hemody-
namic pressure within it.

[0147] FIG. 1 depicts a graft prosthesis 10 that includes a
graft portion 11 having a first end 13, which typically forms
the proximal or leading edge of the main body 12 of the
tubular graft portion, and a second end 14, which typically
is the distal end which is further downstream from the
direction of blood or fluid flow. The illustrative graft pros-
thesis 10 represents a modified ZENITH® AAA Endovas-
cular Graft comprising a tubular graft portion 11 of woven
polyester fiber (including a bifurcated distal portion in this
embodiment to feed into the right and left iliac arteries), and
a supporting structure 40 that comprises a series of zig-zag
stents sewn thereto, including a proximal anchoring stent 18,
such as the illustrative suprarenal zig-zag stent (or “Z stent™)
with barbs, extending from the proximal (caudal) end to
anchor the stent graft above the aneurysmal sac.

[0148] The prosthesis 10 further includes a cuff portion 15
comprising material of the main body 12 that is folded over
the outside thereof to form a double layer of material. The
cuff portion 15 includes a first edge 16 or leading edge
(typically a folded edge) and also comprises the first end 13
of the graft portion 11, extending distally to a second edge
17 (the free edge of the cuff). In the illustrative cuff portion
15, the free edge 17 is unattached to the main body 12 so that
it is allowed to extend or flair outward to comprise a lip that
serves as an external sealing zone 21 to help provide a better
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seal graft portion 11 and walls of the vessel in which the
device is placed. It should be noted that while it may be
preferable to form the cuff portion 15 by folding the excess
material over upon itself, it is also within the scope of the
invention for the cuff portion 15 to be a separate piece that
is secured to the main body 12 of the graft portion, such that
the proximal edges of the main body and cuff portions 13,
16 each comprise “cut” or free edges rather than a single
folded edge. The double thickness of the cuff portion typi-
cally offers a better foundational substrate through which
sutures 20 may be attached, forming knots to secure or
anchor stents or other framework of the graft prosthesis 10.
The length of the cuff 15 depends largely on the specific
clinical application and size of the prosthesis, but preferably
the free edge 17 does not extend more than a few centimeters
from the first end 13, especially in an endovascular stent
graft where the seal must be safely proximal of the aneurysm
being excluded. The cuff portion 15, however, may extend
any length, including the entire length of the main body
portion 12, particularly if it is not utilized as an external
sealing zone 21. Although it is generally preferred that the
cuff be folded or placed over the outer surface of the main
body portion 12 so as not to interfere with blood flood and
promote formation of thrombus, it may be folded inward and
attached, particularly if the free edge 17 can be attached or
bonded in a manner that does not interrupt blood flow.

[0149] FIG. 14 depicts an alternative embodiment of the
cuff portion 15 in which the cuff is configured as a series of
discontinuous flaps 55 distributed around the outer perimeter
of the main body portion 12 of the graft. The flaps 55 are
spaced to correspond to the attachment points of the bends
51 of the anchoring stent 18. Although the illustrative
embodiments each depict a suprarenal anchoring stent 18, it
is not necessary to the invention that the supporting structure
40 attached to the cuff 15 comprise an anchoring stent
extending from the proximal end 13 of the graft 11.

[0150] The illustrative ZENITH® AAA Endovascular
Graft represents but one exemplary embodiment of the
present invention. As such, the stent graft material 11 and
supporting structure 40 may include other well-known
designs and graft materials described herein.

[0151] The suture 20 used to attached supporting structure
40 to the graft material 11 may be made of any biocompat-
ible fiber suitable for the application, including but not
limited to, monofilament or braided multi-filament polyes-
ter, nylon, polyaramid, polypropylene, and polyethylene.
Braided polyester 4-0 suture material is preferred for attach-
ing internal stents to grafts, while monofilament suture
material is preferred for attaching top stents to grafts. The
polyester 4-0 suture material is nonabsorbable and has limits
of 0.150 to 0.199 mm (metric size 1.5). This well-known
material is commercially available from a number of com-
panies. The suture material may be attached to a hollow
needle used to thread the suture through the graft, thus
attaching the stent to the graft using any suitable type of
knot. It is not necessary to the invention that fiber suture be
used to attach the supporting structure to the graft material.
Wire, staples, clips, bonding agents, or other methods also
may be used to achieve a secure attachment of the graft
material and stents.
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[0152] To further enhance the sealing properties of the
external sealing zone 21, the free edge may be modified to
increase its ability to conform to the vessel, promote throm-
bus formation, and/or encourage tissue ingrowth into the
graft material. FIG. 2 depicts an embodiment of the present
invention in which the cuff 15 includes a frayed portion 22
located about the free end 17 thereof, the frayed portion 22
comprising about 5 mm of threads and fibers (of an approxi-
mately 10 mm cuff) that have been at least partially sepa-
rated from one another or unraveled such that they extend
outward from the main graft body 12 and circumferentially
therearound. Alternatively, the frayed portion 22 may extend
the entire length of the cuff portion 15. The frayed portion
22 is particularly well adapted to making contact with the
vessel and allowing thrombocytes to collect and tissue to
grow thereinto, thus improving the efficacy of the seal. FIG.
3 depicts the illustrative embodiment of FIG. 2 deployed in
an abdominal aorta 32 to exclude an aneurysm 33 that has
formed below the renal arteries 34, usually above or at the
iliac bifurcation 41. The external sealing zone 21 comprising
the frayed portion 22 is positioned within the neck 35 of the
aneurysm 33 where it helps the stent graft 10 seal against the
healthy aortic wall tissue so that an endoleak does not occur
around the proximal end 16 of the graft. The proximal
anchoring stent 18 is placed across the renal arteries where
it is anchored to the vessel 32 by a plurality of barbs 36. In
other embodiments, the proximal anchoring stent 18 may
include hooks or other structure that extend beyond or
through the graft material 38 to engage the vessel and help
anchor the prosthesis in place. The external sealing zone 21
may also include ECMM, as described below.

[0153] FIG. 4 depicts a cross-sectional view taken about
the proximal end 16 of the graft portion 11, including the
cuff portion 15 and proximal anchoring stent 18. The proxi-
mal anchoring stent 18 is attached to the inner surface 37 of
the graft material 38 and secured with sutures 20 that are
passed through both the main graft body 12 (inner) and the
cuff portion 15 (outer) layers of material 38, preferably
through the proximal or anchoring portion 31 of the cuff
portion 15. In particular, a series of interconnecting (run-
ning) or separate sutures 42 anchor the proximal anchoring
stent 18 to the cuff portion 15 at the bends 51 and struts 52
of the stent 18, the later being sutured about the proximal or
folded edge 16 of the cuff. Additionally, the first adjacent
supporting stent 19 is attached to the outer surface 39 of the
main graft body 12 with another series of sutures 43. The
illustrative example depicts the frayed portion 22 extending
through and around the struts to minimize direct contact of
the stent with the vessel wall, thus resulting in a better seal
than would otherwise be possible with an externally placed
stent.

[0154] FIG. 11 depicts an alternative embodiment of the
present invention in which the proximal anchoring stent 18
is attached to the graft portion 11 between the main body 12
and cuff portion 15, such that the bends 51 and distal
portions of the struts 52 being sandwiched between graft
material 38, providing a more secure anchoring of the stent.
One skilled in the medical arts would appreciate that there
are multiple methods of forming the embodiment of FIG.
11. One method is to feed an end of an unassembled
proximal anchoring stent through a series of holes 53 formed
through the graft material until all of the bends 51 are looped
underneath the cuff portion 15, as shown. The stent 18 is
then joined together with cannula and solder, spot or laser
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welding, etc., and secured with a series of sutures 42. The
illustrative method of attachment provides a backup means
of preventing the proximal anchoring stent 18 from com-
pletely detaching from the graft portion 11 in the event of
suture 20 failure.

[0155] FIG. 12 depicts an embodiment in which the
proximal anchoring stent 18 is attached at the proximal
(folded) edge 16 of the cuff portion 15 by a plurality of
sutures 20 (either multiple sutures or multiple loops of a
single suture) such that no portion of the bends 51 or struts
overlaps with the stent graft material 11. This advanta-
geously reduces the profile of the graft prosthesis 10 during
the loading process.

[0156] While the cuff portion 15 of the illustrative
embodiments is shown as a free edge 17 that is folded over
itself (the tubular prosthesis 12) to create a double thickness
of material (new folded leading edge 16), it is within the
scope of the invention for the cuff portion to be a separate
element that is attached to the main body 12 of the graft
(FIG. 13), such as when the sutures 20 penetrated both
layers to attach the anchoring stent 18 or other supporting
structure 40. Adhesives, laser/thermal bonding, or other
methods may be used supplement or achieve attachment of
the two layers of material 12, 15. The separate ring-like
outer cuff portion 54 comprising the outer portion of the cuff
15 preferably incorporates ECMM. Furthermore, the sepa-
rate outer cuff portion 54 can comprise a material, such as a
polymer that is printed, sprayed, painted, dipped, or other-
wise applied to the surface of the graft prosthesis to improve
the attachment between stent and graft material.

[0157] The illustrative embodiment of FIG. 13 further
includes a frayed portion 22 located at the leading edge 16
of the cuff portion 15 to facilitate sealing thereat. Alterna-
tively, the optional frayed portion 22 may be located at the
second edge 17 of the cuff 15, similar to the embodiment of
FIG. 2, or it may be located at the first edge 13 of the main
body 12, or any combination of the three free edges 13, 16,
17. By being separate pieces, the outer cuff or band portion
54 and main body may be used to form a sandwich of
material to secure the anchoring stent 18 therebetween (not
shown), similar to the embodiment of FIG. 11. Although the
illustrative separate outer cuff 54 completely encircles the
main body 12 to which it is attached, it may be divided into
discrete sections that are located at the attachment points of
the stent bends 51 to provide a double thickness of material.

[0158] FIG. 5 depicts an enlarged view of the frayed
portion 22 and how it is formed from material 38 of the cuff
portion 15. The illustrative TWILLWEAVE® graft material
38 (Selzer-Vascutek Ltd., Inchinnan, Scotland, UK) com-
prises a woven polyester fabric which is frayed by separat-
ing the longitudinal threads 46 from one another and from
the cross threads 47 with which they are interwoven. Once
the ends 23 of the threads 46 are separated, typically using
a tool or machine suitable for creating a frayed portion 22 of
the desired length, the fibers 24 that comprise the individual
longitudinal threads 46 are preferably, but not necessarily,
also unraveled and separated from one another, allowing the
frayed portion 22 to assume a “fuzzier” configuration that
enhances the sealing properties of the external sealing zone
21 and provides an improved substrate for tissue ingrowth.
Generally, it is preferred that the portion in which the fibers
24 are separated from one another, comprises at least a
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substantial portion of the frayed portion 22. The length of
frayed portion 22 of a typical stent graft comprises at least
2 cm of the cuff portion 15 (preferably 5 mm or more).

[0159] FIG. 6 depicts an embodiment in which the exter-
nal sealing zone 21, including the illustrative frayed portion
22, is configured such that the free edge 17 of the cuff
portion 15 is directed proximally (toward the first or folded
edge 16), to produce a fold 44 that creates gutter-like pocket
45 that is able to collect any blood passing around the
leading edge 16 of the graft 11 to prevent an endoleak and
promote thrombus formation. The pocket 45 can be created
by any means known to those in the medical arts, including
treating and forming the cuff material using a chemical
agent, heat, etc. such that it can maintain such a shape; or by
adding wires or other supporting structure (not shown) that
reshapes the cuff portion 15 into the illustrative pocket 45
configuration.

[0160] Although woven polyester fiber and other selected
fabrics usable in medical applications are generally able to
be unraveled to create a frayed portion 22, some fabrics and
unwoven materials potentially suitable for medical applica-
tions, such as polymer sleeves, biomaterials, etc., cannot be
frayed in the same manner. FIG. 7 depicts an external
sealing zone 21 created a series of closely adjacent cuts 26
or slices through the material to form fringe elements 27
about the free edge 17 of the material. The length, width, and
configuration of the fringe elements 27 (fringed portion) are
largely determined by the clinical application and type of
material 38 comprising the cuff portion 15.

[0161] In addition to the external sealing zone 21 com-
prising the free edge 17 of the cuff portion 15, as with each
of the embodiments described above, FIG. 8 depicts an
embodiment wherein the external sealing zone 21 comprises
a band 28 of separate material such as another suitable
biocompatible material including the ECMM described
above and configuration which is attached to the outer
surface 39 of the graft. Such materials should be effective for
creating a seal with the vessel wall and/or encouraging cell
ingrowth. Such a band of material 28 can be affixed over the
cuff portion 15, such as over the free edge 17, as shown,
attached below the cuff 15 to further take advantage of the
free edge 17 for sealing, or the cuff portion 15 may be
eliminated entirely if not needed for additional anchoring
support. While the illustrative embodiment depicts an exter-
nal sealing zone 21 where a frayed portion 22 encircles the
graft 11 in a ring-like manner, the sealing zone may assume
other configurations, such as helically or serpentine shaped
strips of material, discrete staggered patches of material/
fringe, etc.

[0162] The external sealing zone 21 may be augmented
with additional structure, materials, or agents that further
enhance its sealing properties. One example includes tissue-
engaging elements 29, such as the illustrative barbs depicted
in FIG. 9. The barbs 29 may be configured to help anchor
the graft prosthesis 10 in the vessel, or their primary function
may be limited to providing irritation or trauma to the vessel
wall for stimulating cell proliferation into the external
sealing zone 21. The tissue-engaging elements 29 may
comprise any suitable structure, such as a plurality of small
diameter wires, which are interwoven into the cuff portion
15, or attached in any suitable manner, such as the illustra-
tive method in which the barbs 29 originate from a common
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basal element 48 that encircles the graft portion 11 and is
designed to be collapsible (e.g., a zig-zag shaped element).
The tissue-engaging elements 29 may also be configured to
bias the cuff portion toward the wall during delivery (e.g., by
adding springs or other biasing mechanisms about the com-
mon basal element 48). For example, the prosthesis 10 may
be loaded such that the cuff portion extends proximally from
the main body portion 12. As the graft prosthesis is
unsheathed for delivery, the embedded elements 29 spring
back and flip the cuff portion distally to engage the walls of
the vessel. This has the advantage of eliminating the extra
thickness of the cuff portion 15 during loading, yet retaining
the advantages it provides following deployment.

[0163] Besides tissue-engaging structures 29, the external
sealing zone 21 may be impregnated with a bioactive or
pharmacological agent that enhances sealing properties,
such as a thrombin or ECMM powder, or another agent for
stimulating thrombus formation about the external sealing
zone 21. Other possible materials or agents include, but are
not limited to, growth factors or biomaterials for stimulating
tissue ingrowth, materials that swell in the presence of
blood, or other substances that help form a physical barrier
to fluids.

[0164] FIG. 10 depicts an embodiment of the present
invention in which the cuff portion 15 extends beyond and
over a self-expanding or balloon-expandible outer stent 50
and whose function is primarily to serve as an external
sealing zone 21, rather than also being a substrate for
attachment of a proximal anchoring stent or other supporting
structure 40. In the illustrative example, which depicts a
cannula-type stent 30, such as the illustrative ZILVER®
Stent (Cook Incorporated, Bloomington, Ind.), the cuff por-
tion 15 comprising the frayed portion 22, extends a few
millimeters beyond the proximal or first end 13 of the stent
and is unattached to the stent 50, although it optionally
might include a series of sutures above the frayed portion 22
to maintain a folded edge 16 and prevent the cuff portion
from inverting. In the illustrative example, the prosthesis 10
includes an inner stent 49 to form a sandwich configuration
in which the two stents 49, 50, one expanding slightly larger
than the other, engage and maintain the graft material 38
therebetween, thereby eliminating the need for suturing the
graft portion 11 to the supporting structure 40. It is certainly
within the scope of the invention, however, for either stent
to be eliminated and have the graft material sewn or other-
wise attached to the stent supporting structure 40 in a
manner similar to other depicted embodiments. Addition-
ally, other types of cannula or non-cannula stents can be
substituted for the illustrative stents 49, 50, which need not
be the same as one another.

[0165] FIG. 15 shows an example of a modular bifurcated
stent graft 110 deployed within an aneurysmal aorta 112 and
both iliac arteries 114. The ZENITH® stent graft described
above is an example of such a modular, bifurcated stent
graft. The prosthetic modules 116 that make up the stent
graft 110 are generally tubular, so that fluid can flow through
the stent graft 110, and are preferably made of polyester,
PTFE or other suitable materials, such as those listed above.
The main body 118 extends from the renal arteries 120 to
near the bifurcation 122. Multiple zig-zag stents 111 are
sutured along the length of the stent graft 110. A suprarenal
fixation stent 124 anchors the main body 118 to the healthier,
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preferably non-aneurysmal tissue 126 near the renal arteries.
Two iliac extension modules 128 extend from the iliac limbs
130.

[0166] The stent graft 10 will preferably achieve a blood-
tight seal at the sealing zones 132 on both ends of the
aneurysm 112, so that the aneurysm 112 will be excluded. In
the particular embodiment shown in FIG. 15, the stent graft
110 contacts the vascular tissue below the renal arteries 120,
around the bifurcation 122 and at the iliac limbs 130 and
extensions 128. In this embodiment, a seal is preferably
achieved at or near the renal arteries 120 and at the end of
the iliac limbs 130. This will help exclude the entire aneu-
rysmal region and, as a result, the hemodynamic pressures
within the aneurysm 112 may be reduced. These seals may
be improved by the incorporation of ECMM at the external
sealing zones 132. FIG. 15 shows ECMM incorporated in
bands 134, 136 above and below the aneurysm 112. The
ECMM bands may, for example, be place within 3 cm or one
or more ends of the prosthesis. ECMM can be incorporated
into these locations in a variety of different ways, as
described below.

[0167] FIG. 16 shows a three-piece modular bifurcated
stent graft 150 designed for deployment into an aorta. In this
embodiment, ECMM 151 is incorporated near the bifurca-
tion 152, as well as near the proximal opening 154 of the
stent graft 150 and at the ends 155 of the iliac limbs 156.
FIG. 17 shows a stent graft embodiment 160 similar to that
of FIG. 16 after implantation. In FIG. 17, ECMM bands 164
contact the surrounding vessel wall 162 at or necar the
external sealing zones.

[0168] FIG. 18 shows a modular aorto-uniiliac stent graft
170 similar to that described in U.S. patent application Ser.
No. 10/104,672, filed Mar. 22, 2002, which is incorporated
herein by reference. ECMM 171 is incorporated in dual
bands at both ends 174, 176 and in single bands 178, 180 on
each of the two modules 182, 184 at or near the overlap
region 186. The bands 178, 180 at the overlap region 186 are
preferably placed so that following deployment of the mod-
ules 182, 184, the ECMM bands are nearly contiguous or
overlapping. Multiple bands such as those employed on
either end 174, 176 of the stent graft 170 can be used in the
place of single bands on any type of endoluminal prosthesis.
The use of ECMM 171 at or near the overlap region 186 can
improve the seal between the modules 182, 184 and prevent
migration of the graft 170.

[0169] As shown in FIG. 19, ECMM 193 can be incor-
porated into a fenestrated prosthetic module 190 similar to
that described in U.S. Pat. No. 6,524,335, which is incor-
porated herein by reference. FIG. 19a shows an aortic stent
graft with fenestrations 192, 194 for each renal artery 196,
198. ECMM 193 is preferably incorporated around the
fenestrations 192, 194 to assist sealing. Stents or branch
vessel stent grafts (not shown) can be deployed through the
fenestrations 192, 194. FIG. 19b shows a side view of the
embodiment of FIG. 19a. FIG. 19¢ shows a fenestrated
stent graft 195 that has an ECMM band 197 incorporated
around the individual fenestration 199.

[0170] FIG. 20 shows seven of the possible positions for
ECMM 200 relative to an overlap 202 between the two
prosthetic modules 220, 222. ECMM 200 is preferably
incorporated on both the outer modules 220 and the inner
module 222 as shown in FIGS. 20a and 20e-g although the
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material may be incorporated on only one of the modules, as
shown in FIGS. 20b-d. In FIG. 20c, ECMM is incorporated
in the overlap 202 between the two modules 220, 222. A
portion of the outer module 220 near the ECMM 200 can be
perforated or otherwise porous as described in greater detail
with reference to FIG. 21. These locations for the ECMM
200 include: the outer surface of the outer graft near the
terminus at the overlap, the outer surface of the inner graft
adjacent to the overlap and the overlap region. ECMM 200
may be incorporated into any, some or all of these locations
to improve sealing and/or inhibit migration.

[0171] FIG. 21 shows an interconnection between two
prosthetic modules 240, 242. In this particular embodiment,
ECMM is incorporated into the inner prosthetic module 240
in the arrangement of FIG. 20c, but is exposed to the
exterior surface 244 of the graft 246 through porosity 248 in
the outer prosthetic module 242. In the embodiment shown,
the porosity is woven into the outer prosthetic module 242,
although the porosity 248 can also be the result of the pores
between the fabric’s warp and weft, or be otherwise formed
into the fabric by any means known to those of skill in the
art. This arrangement allows the cellular infiltration and
other processes described above to occur, thereby causing
the surrounding vascular tissue to meld with the inner
prosthetic module, while simultaneously fixing the outer and
inner prosthetic modules 240, 242 in place.

[0172] In FIG. 22, a portion of a branched prosthesis 250
is shown. ECMM 251 can be incorporated at or near the site
of interconnection between the branch limb 252 and the
branch extension 253. ECMM 251 can also be incorporated
at other external sealing zones, such as near the bifurcation
249.

[0173] The method of incorporation of ECMM generally
varies depending on its form. ECMM filaments or thread can
be incorporated into a prosthesis by, for example, weaving,
knitting or sewing. Fluidized or powdered forms of ECMM
can also be incorporated into a prosthesis. These methods of
incorporation can be described as “integration,” i.e. making
the ECMM a part of the prosthesis or graft material layer. If,
however, the ECMM is in pieces or strips, it may, for
example, be incorporated into the prosthesis by affixing the
ECMM to the graft with sutures, staples or the like, wherein
the ECMM is in a separate layer adjacent the graft or
prosthesis material.

[0174] In one embodiment, ribbons, strips, bands or other
sections of ECMM are affixed to the graft by any method
known to those of skill in the art. Before ECMM is attached
to the endoluminal graft, it is preferably cut into a strip or
filament of appropriate shape or length. As shown in FIG.
234, a substantially rectangular strip of ECMM 260 that is
approximately the circumference of the stent graft 262 may
be sutured to graft at multiple locations to form a single-
layer band around the stent. Sutures 264 connecting ECMM
to the graft 262 are preferably tied periodically through the
band to help keep it in place. ECMM can be affixed using
sutures 264, stitching, glue, staples or any other method
known to those of skill in the art.

[0175] These sections of ECMM are preferably disposed
on the graft material so that ECMM is in between the stent
and the graft material. This may help facilitate the incorpo-
ration of the stent into the surrounding tissues once the graft
is implanted. Coating the stent itself with ECMM may
further assist this process. Alternatively, the ECMM strip
may be sandwiched between the stent and the graft material.
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[0176] A strip of ECMM 270 can be wrapped repeatedly
around the graft 272 to create a multi-laminate, thicker
ECMM construct, as shown in FIG. 23b, or can be wrapped
helically as shown in FIG. 23c to create a wider ECMM
construct 255. Preferably, the strip of ECMM is sutured to
the fabric of the prosthesis 256, as shown in FIGS. 23a-c.
Alternatively, a multi-laminate band may first be formed,
and then affixed to the prosthesis material. An ECMM gel,
preferably made from SIS, can then be used as a “binder” to
fill the pores created by the stitching process. Any fibers
protruding from the fabric can form a mechanical scaffold-
ing to hold the SIS gel in place.

[0177] As shown in FIG. 23d, a tubular ECMM construct
267 can be used to extend the length of the synthetic tube
266. The tubular ECMM construct 267 can be attached with
sutures 268, or by any means known to those of skill in the
art. Similarly, as shown in FIG. 23e, a tubular ECMM
construct 274 can connect two discontinuous synthetic tubes
269 using sutures 276, or other means known to those of
skill in the art.

[0178] An ECMM sheet, preferably made from SIS, may
be vacuum pressed onto the synthetic graft material with the
use of an ECMM gel as an adhesive. The use of ECMM gel,
preferably made from SIS, as a “glue” both connects the
ECMM sheet to the graft as well as promoting further tissue
ingrowth. One possible manufacturing process is to apply an
SIS gel and SIS sheet on to the outside of the graft and then
“vacuum pull” the graft so that SIS gel can penetrate the
graft, subsequently polymerize the composite graft in the
oven at 37° C. for 20 minutes and then freeze dry and for
vacuum press the composite graft.

[0179] Furthermore, an SIS sheet can be stitched on to a
synthetic graft so as to form a secure and permanent
mechanical attachment. SIS gel can then be used as a
“binder” by following the steps described in the second
method to fill the pores created by the stitching process and
further, any protruding fibers can form a mechanical scaf-
folding to hold the SIS gel in place. The stitching can be
done using a biocompatible thread such as a suture thread or
by the use of a wire thread.

[0180] In one embodiment, multiple layers of purified
submucosa in the overlapped region are affixed to one
another or to the prosthesis by treatment with a cross-linking
agent. An aldehyde, such as formaldehyde, or more prefer-
ably glutaraldehyde, may be used as a cross-linking agent or
adhesive. In one embodiment the seam of the wrapped tube
of purified submucosa can be “spot welded” using glutaral-
dehyde to ensure that the end piece does not come loose. In
accordance with this embodiment, a cotton swab moistened
with a glutaraldehyde solution (or other cross-linking or
adhesive agent) is applied along the overlapped region
forming the seam. The glutaraldehyde concentration is pref-
erably about 0.1 to about 1.0%, more preferably about 0.5%.
In one embodiment the entire graft construct can be
immersed into a solution of glutaraldehyde to fix the mul-
tiple layers of the tube of purified submucosa to one another.
In addition, the multiple layers of purified submucosa in the
overlapped region can be sutured to one another, and in one
embodiment the layers of the overlapped region are fixed
with sutures in the absence of treatment with a cross-linking
agent. As an alternative to aldehydes, methylcyanoacrylate
or similar glues can be used to weld layers or pieces of
ECMM to each other or to the prosthesis material.
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[0181] As an alternative to affixing strips or pieces of
ECMM, ECMM can be incorporated into a prosthesis mate-
rial such as polyester or PTFE. This can be accomplished in
any way known to those of skill in the art. As shown in FIG.
24, ECMM filaments or threads 280 can be sewn into the
graft 282. The thread employed in this method can be
manufactured from a combination of ECMM and synthetic
filaments; it can also be manufactured from synthetic fila-
ments that are impregnated with fluidized or powdered
ECMM, as described above. Filaments or threads 280 can be
sewn so that they are substantially flush with the outer
surface of the graft 282. As shown in FIG. 25, ECMM can
be sewn into the prosthesis material so that loops 284 extend
beyond the surface of graft material 285 to form a terry cloth
or velour surface. A stent graft 300 with terry cloth ECMM
bands 302 is shown in FIG. 26.

[0182] Any stitch known to those of skill in the art may be
utilized to incorporate ECMM 303 with the prosthesis
material 305, including straight stitches, such as the double
running stitch (FIG. 274) or single running stitch (FIG.
27b); dense filling stitches such as the satin stitch (FIG.
27c¢); or cross stitches (FIG. 27d). More than one stitch may
be used in a given ECMM band. ECMM is preferably
incorporated in the external sealing zones described above.
ECMM filaments can be spun or woven into thread prior to
incorporation into the graft fabric; such thread can also
include synthetic materials.

[0183] Alternatively, ECMM filaments or thread can be
selectively integrated into a graft fabric as that material is
woven. For example, one or more stripes 310 of ECMM
filaments or thread 312 can be woven into a plain (FIG. 284)
or twill weave (FIG. 28b) polyester fabric 316. In both FIG.
28a and 28b, the ECMM filaments or thread 312 are
incorporated only into the weft 318, not the warp 311. For
some fabrics, it may be preferable to incorporate ECMM
into the warp 311. A terry cloth ECMM band can also be
created when the prosthesis material is being woven using
methods known to those of skill in the art.

[0184] The powder or fluidized form of ECMM as
described above may also be integrated into the synthetic
material of the prosthesis in a variety of ways. For example,
the fluidized EMCC may be applied to a banded region near
the terminus and allowed to dry. A band on the prosthesis
material may be impregnated with the powdered form of
ECMM, or may be stitched with thread or filaments that
contain a powdered form of ECMM. The term “impregna-
tion” means providing for the presence of one or more
components inside the graft material, in particular in the
interstices of the synthetic material. The term “interstices”
means spaces that intervene between parts of the graft
material. Interstices include pores, cavities, and spaces. For
example, interstices are between fibers of the textile mate-
rial. Additionally, the stents themselves, or portions thereof,
may be coated with a fluidized or powdered form of ECMM.
Alternatively, ECMM could be adhered to the stents using a
separate adhesive.

[0185] In particular, an ECMM gel, preferably made from
SIS, may be used to impregnate a relatively porous graft.
The natural porosity of a woven fabric (which can be altered
by various weaving or post-weaving techniques) can facili-
tate infusion into the graft of a SIS gel by applying a vacuum
on one side of the graft and “pulling” the SIS gel into the
interstices which form the natural porosity of the graft.
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[0186] ECMM coating is preferably avoided on portions
of uncovered stents designed to traverse branch vessel ostia,
such as the renal ostia. Furthermore, the coating may be
selectively disposed only on the uncovered anchoring stents,
or portions thereof. Portions of the stent that are particularly
suited for ECMM are those that are prone to contact the
surrounding tissue. In order to control whether or not the
stents themselves are coated by a fluidized or powdered
ECMM, the stents may be attached before or after the
ECMM treatment. If, for example, the stent is already
sutured to the graft material at the time the graft material is
impregnated with fluidized ECMM, it is likely that the stent
will take on its own layer of ECMM. If the stent, particularly
an uncovered stent, is supposed to transverse the ostium of
a branch vessel, it may be preferable for the fluidized or
powdered ECMM to be removed from parts of the stent so
that the blockage of the ostia does not develop. In other stent
grafts, it may be beneficial to ensure that sections of the
stents are covered with fluidized or powdered ECMM.

[0187] FIG. 29 shows a perspective view of a portion of
a stent graft 320 incorporating an ECMM band 336. The
stent graft 320 has a tubular body 322 of a biocompatible
material such as the woven polyester described above.
Along the length of the stent graft 320 there are self-
expanding Z-stents 332 stitched to outside of the tubular
body 321. At the proximal end 324 there is an internal self
expanding Z-stent 334 stitched to the body 321. When the
stent graft 320 is deployed into a vessel of a human or animal
body such as an aorta, this proximal Z-stent 334 provides
pressure against the wall of the aorta in the landing zone. By
having the Z-stent 334 within the tubular body 322, a
smoother outer surface is presented to the wall of the aorta
to provide a degree of sealing.

[0188] There is also a proximally extending uncovered
self-expanding Z-stent 326. This proximally extending
Z-stent 326 has barbs 328 extending from struts 330 of the
stent 326. When the stent graft 320 is deployed into a vessel
of a human or animal body such as an aorta the barbs 328
engage into the wall of the aorta, and provide a purely
mechanical immediate fixation of the stent graft into the
vessel. Pulsatile forces may cause migration, in turn causing
the barbs to tear the wall of the aorta.

[0189] Inthe portion of the stent graft 320 just distal of the
proximal end 324 there is a band 336 around the circum-
ference of the stent graft 320 which incorporates an ECMM,
preferably an SIS gel or a digest of SIS impregnated into the
graft material tube 322. FIGS. 30 and 31 show this process
in detail.

[0190] FIG. 30 shows a gel or digest of SIS 339 being
applied to one surface of the graft material 322 in the band
336 and then a vacuum being applied by means of a vacuum
hood 341. The SIS gel or digest 339 is thereby drawn into
the graft material 322 to give the result shown in FIG. 31.
The natural porosity of the graft material can be altered by
various weaving techniques to improve the amount of infus-
ing into the graft of the SIS or by providing additional
porosity in selected regions of the stent graft by drilling or
ablating holes in the graft material using a laser or similar
device. Such porosity may provide openings in the material
of 20 to 100 microns.
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[0191] The cell wall tissue can then grow into the graft
material via the scaffolding provided by the SIS. Fixation
occurs as the synthetic fiber/fiber bundles are surrounded by
new tissue growth, such as the collagen based adventitia
which forms a bio-mechanical attachment mechanism
(between the graft and artery wall). Sealing will also be a
by-product of the tissue growth through the SIS-impreg-
nated graft. In addition, it is likely that the endothelial cells
will grow into the SIS on the inside of the graft wall forming
a very smooth surface resulting in a non-thrombogenic graft
property. Further, the resulting tissue ingrowth will be
biological active “alive” resulting in natural resistance to
infection, as opposed to a purely synthetic graft.

[0192] FIGS. 32 to 34 show a further embodiment of the
invention to provide enhanced biological fixation. In this
embodiment, a sheet of ECMM 350, preferably made from
SIS, is laid over the graft material 322 in the region 336 with
an intermediate layer 352 of a SIS gel or digest. A vacuum
353 is applied by means of a vacuum hood 354 and the gel
or digest drawn into the graft material 322 to give the result
shown in FIG. 33 where the sheet of SIS 350 is adhered to
the graft material 322 using the SIS gel as an adhesive. The
composite is then polymerized by heating in an oven at 30°
for 20 minutes and the resultant product is freeze dried or
vacuum pressed to provide a product as shown on FIG. 34.

[0193] An SIS sheet is capable of providing a collagen
scaffolding enhanced with natural porcine growth factors
and other proteins. This manufacturing technique utilizes the
SIS sheet and attaches the sheet to the graft material in a
secure fashion. The SIS gel is used as both a “glue” to
connect the SIS sheet to the graft as well as promote further
tissue ingrowth as with the embodiment discussed above.
Hence one possible manufacturing process is as follows: (a)
apply the SIS digest and SIS sheet on to the outside of the
graft and “vacuum pull” the graft so that SIS gel can
penetrate the graft; (b) polymerize the composite graft in the
oven at 37° C. for 20 minutes; and (c) freeze dry and for
vacuum press the composite graft.

[0194] Another embodiment of the invention is shown in
FIG. 35. In this embodiment a SIS sheet is attached to a graft
material by use of metal or synthetic biocompatible fiber or
thread. SIS sheet can be stitched on to a synthetic graft so as
to form a secure and permanent mechanical attachment. This
technique can be enhanced by using a matrix of protruding
stitches. As a further enhancement an SIS gel can then be
used as a “binder” by following the steps described in the
embodiment shown in FIGS. 32 to 34 to fill the pores created
by the stitching process and further, the protruding fibers can
form a mechanical scaffolding to hold the SIS gel in place.
The resulting SIS stitched composite structure will encour-
age cell growth through the fiber loops employing all the
benefits of attachment and fixation described above.

[0195] One such structure is schematically illustrated in
FIG. 35. The graft material 322 has a sheet of SIS 360
attached to it by stitching using stitches 362 which extend
through both the SIS 360 and graft material 322 to a back
stitch 363. An intermediate layer 365 of a SIS gel or digest
can provide both a “glue” to connect the SIS sheet to the
graft as well as promote further tissue ingrowth as with the
embodiments discussed above. The stitches can be formed
from stainless steel wire, nitinol wire or other suitable
biocompatible material, including conventional sutures.
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Where the loops of the stitches extend beyond the SIS they
may assist with biological fixation by engaging the wall of
a vessel into which they are deployed and encouraging tissue
growth around the loops.

[0196] FIG. 36 shows a perspective view of a portion of
a stent graft incorporating the embodiment of the biological
fixation arrangement shown in FIG. 35. In this illustration
the same reference numerals are used as in FIG. 29 for the
same components.

[0197] The stent graft 320 includes a sheet of SIS material
stitched onto the proximal end region 324 of the stent graft
320 by means of wire stitches 362. The wire stitches 362
retain the SIS sheet material and have the added advantage
that they provide apertures through the SIS and graft mate-
rial which will permit cell growth through the material for
enhanced biological fixation.

[0198] The wire stitches may also extend our from the
surface of the SIS sheet and provide a matrix of radially
outward protruding portions when the stent graft is deployed
and a stent associated with the graft is providing radially
outward pressure. These protruding portions may create a
localized pressure (greater than 30 mmHg-to overcome
capillary pressure) against the aorta wall initiating cell
necrosis. After cell death the protruding portions will con-
tinue to impinge on the arterial wall leading to endothelial
wall remodeling to accommodate the protruding portions.
Each protruding portion may in time become completely
encapsulated by tissue growth. In effect, the protruding
portions introduced on the outside of the graft serve as
scaffold for tissue (adventitia) to grow around each protrud-
ing portions creating a significant fixation and sealing
mechanism.

[0199] The Introducer

[0200] FIG. 29 shows a ZENITH® self-expanding bifur-
cated stent graft 420 (like those available from Cook Incor-
porated, Bloomington, Ind. and sold under product code
TFB1 through TFBS5,), and an endovascular deployment
system 400, also known as an introducer 400, for deploying
the prosthesis 420 in a lumen of a patient during a medical
procedure. These items are each described in greater detail
in PCT application WO98/53761. A self-expanding second
prosthetic module 450 is also shown. Although not shown,
ECMM can be disposed in bands in various locations on the
stent graft of FIG. 29, as described further above.

[0201] The bifurcated prosthesis 420 has a generally
inverted Y-shaped configuration. The prosthesis 420
includes a body 423, a shorter leg 460 and a longer leg 432.
The bifurcated prosthesis 420 comprises a tubular graft
material, such as polyester, with self-expanding stents 419
attached thereto. The self-expanding stents 419 cause the
prosthesis 420 to expand following its release from the
introducer 400. The prosthesis 420 also includes a self-
expanding zig-zag stent 421 that extends from its proximal
end. The self-expanding zig-zag stent 421 has distally
extending barbs 451. When it is released from the introducer
400, the self-expanding zig-zag stent 421 anchors the barbs
451, and thus the proximal end of the prosthesis 420, to the
lumen of the patient.

[0202] The self-expanding second prosthetic module 450
is configured to form a tromboning connection with the
shorter leg 460 of the bifurcated prosthesis 420 and with an
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extension. A notch or scallop may be cut into the proximal
end of the second prosthetic module 450 to facilitate deploy-
ment of the module.

[0203] The introducer 400 includes an external manipu-
lation section 480, a distal attachment region 482 and a
proximal attachment region 484. The distal attachment
region 482 and the proximal attachment region 484 secure
the distal and proximal ends of the prosthesis 420, respec-
tively. During the medical procedure to deploy the prosthesis
420, the distal and proximal attachment regions 482 and 484
will travel through the lumen to a desired deployment site.
The external manipulation section 480, which is acted upon
by a user to manipulate the introducer, remains outside of the
patient throughout the procedure.

[0204] The proximal attachment region 484 of the intro-
ducer 400 includes a cylindrical sleeve 410. The cylindrical
sleeve 410 has a long tapered flexible extension 411 extend-
ing from its proximal end. The flexible extension 411 has an
internal longitudinal aperture (not shown). This longitudinal
aperture facilitates advancement of the tapered flexible
extension 411 along an insertion wire (not shown). The
longitudinal aperture also provides a channel for the intro-
duction of medical reagents. For example, it may be desir-
able to supply a contrast agent to allow angiography to be
performed during placement and deployment phases of the
medical procedure.

[0205] A thin-walled metal tube 415 is fastened to the
extension 411. The thin-walled metal tube 415 is flexible so
that the introducer 400 can be advanced along a relatively
tortuous vessel, such as a femoral artery, and so that the
distal attachment region 482 can be longitudinally and
rotationally manipulated. The thin-walled metal tube 415
extends through the introducer 400 to the manipulation
section 480, terminating at a connection means 416.

[0206] The connection means 416 is adapted to accept a
syringe to facilitate the introduction of reagents into the
thin-walled metal tube 415. The thin-walled metal tube 415
is in fluid communication with the apertures 412 of the
flexible extension 411. Therefore, reagents introduced into
connection means 416 will flow to and emanate from the
apertures 412.

[0207] A plastic tube 441 is coaxial with and radially
outside of the thin-walled metal tube 415. The plastic tube
441 is “thick-walled”—its wall is preferably several times
thicker than that of the thin-walled metal tube 415. A sheath
430 is coaxial with and radially outside of the plastic tube
441. The thick-walled plastic tube 441 and the sheath 430
extend distally to the manipulation region 480.

[0208] During the placement phase of the medical proce-
dure, the prosthesis 420 is retained in a compressed condi-
tion by the sheath 430. The sheath 430 extends distally to a
gripping and hemostatic sealing means 435 of the external
manipulation section 480. During assembly of the introducer
400, the sheath 430 is advanced over the cylindrical sleeve
410 of the proximal attachment region 484 while the pros-
thesis 420 is held in a compressed state by an external force.
A distal attachment (retention) section 440 is coupled to the
thick-walled plastic tube 441. The distal attachment section
440 retains a distal end 442 of the prosthesis 420 during the
procedure. Likewise, the cylindrical sleeve 410 retains the
self-expanding zig-zag stent 421.

Dec. 8§, 2005

[0209] The distal end 442 of the prosthesis 420 is retained
by the distal attachment section 440. The distal end 442 of
the prosthesis 420 has a loop (not shown) through which a
distal trigger wire (not shown) extends. The distal trigger
wire extends through an aperture (not shown) in the distal
attachment section 440 into an annular region between the
thin-walled tube 415 and the thick-walled tube 441. The
distal trigger wire extends through the annular space to the
manipulation region 480. The distal trigger wire exits the
annular space at a distal wire release mechanism 425.

[0210] The external manipulation section 480 includes a
hemostatic sealing means 435. The hemostatic sealing
means 435 includes a hemostatic seal (not shown) and a side
tube 429. The hemostatic sealing means 435 also includes a
clamping collar (not shown) that clamps the sheath 430 to
the hemostatic seal, and a silicone seal ring (not shown) that
forms a hemostatic seal around the thick-walled plastic tube
441. The side tube 429 facilitates the introduction of medical
reagents between the thick-walled tube 441 and the sheath
430.

[0211] A proximal portion of the external manipulation
section 480 includes a release wire actuation section that has
a body 436. The body 436 is mounted onto the thick-walled
plastic tube 441. The thin-walled tube 415 passes through
the body 436. The distal wire release mechanism 425 and the
proximal wire release mechanism 424 are mounted for
slidable movement onto the body 436.

[0212] The positioning of the proximal and distal wire
release mechanisms 424 and 425 is such that the proximal
wire release mechanism 424 must be moved before the distal
wire release mechanism 425 can be moved. Therefore, the
distal end 442 of the prosthesis 420 cannot be released until
the self-expanding zig-zag stent 421 has been released, and
the barbs 451 have been anchored to the lumen. Clamping
screws 437 prevent inadvertent early release of the prosthe-
sis 420. A hemostatic seal (not shown) is included so that the
release wires can extend out through the body 436 without
unnecessary blood loss during the medical procedure.

[0213] A distal portion of the external manipulation sec-
tion 480 includes a pin vise 439. The pin vise 439 is mounted
onto the distal end of the body 436. The pin vise 439 has a
screw cap 446. When screwed in, vise jaws (not shown) of
the pin vise 439 clamp against or engage the thin-walled
metal tube 415. When the vise jaws are engaged, the
thin-walled tube 415 can only move with the body 436, and
hence the thin-walled tube 415 can only move with the
thick-walled tube 441. With the screw cap 446 tightened, the
entire assembly can be moved together as one piece.

[0214] A second introducer may be used to introduce the
second prosthetic module 450 and create a tromboning
connection. This second introducer may be based on the
same principles as the introducer 400 described above, but
could be less complex. For example, the second introducer
may include a sheath for containing the second prosthetic
module 450 in a compressed state, so that it can be intro-
duced into a targeted anatomy and then released to either
self-expand or be actively expanded with a balloon.

[0215] Deployment

[0216] Prosthetic modules are preferably deployed seria-
tim. The intermodular connection between the second pros-
thetic module 450 and the bifurcated prosthesis 420 is
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formed in situ. First the bifurcated prosthesis 420 is
deployed, and then the second prosthetic module 450 is
deployed. For example, a bifurcated aortic prosthesis 420, as
described in WO98/53761, can be deployed into the abdomi-
nal aorta. The bifurcated prosthesis 420 has a generally
inverted Y-shaped configuration having a body portion 423,
a shorter leg 460 and a longer leg 432. The body of the
prosthesis is constructed from tubular woven polyester fab-
ric. At the proximal end of the prosthesis 420 is a self-
expanding stent 421 which extends beyond the end of the
prosthesis and has distally extending barbs 451. The shorter
leg 460 and the longer leg 432 have internal projections
extending from their distal termini.

[0217] This bifurcated prosthesis 420 can be deployed in
any method known in the art, preferably the method
described in WO98/53761 in which the device is inserted by
an introducer via a surgical cut-down into a femoral artery,
and then advanced into the desired position over a stiff wire
guide using endoluminal interventional techniques. For
example, a guide wire (not shown) is first introduced into a
femoral artery of the patient and advanced until its tip is
beyond the desired deployment region of the prosthesis 420.
At this stage, the introducer assembly 400 is fully
assembled, and ready for introduction into the patient. The
prosthesis 420 is retained at one end by the cylindrical sleeve
410 and the other by the distal attachment sections 440, and
compressed by the sheath 430. If an aortic aneurysm is to be
repaired, the introducer assembly 400 can be inserted
through a femoral artery over the guide wire, and positioned
by radiographic techniques, which are not discussed here.

[0218] Once the introducer assembly 400 is in the desired
deployment position, the sheath 430 is withdrawn to just
proximal of the distal attachment section 440. This action
releases the middle portion of the prosthesis 420 so that it
can expand radially. The proximal self-expanding stent 421,
however, is still retained within the cylindrical sleeve 410.
Also, the distal end 442 of the prosthesis 420 is still retained
within the external sheath 430.

[0219] Next, the pin vise 439 is released to allow small
movements of the thin-walled tube 415 with respect to the
thick-walled tube 441. These movements allow the prosthe-
sis 420 to be lengthened or shortened or rotated or com-
pressed for accurate placement in the desired location within
the lumen. Radiopaque markers (not shown) may be placed
along the prosthesis 420 to assist with placement of the
prosthesis.

[0220] When the proximal end of the prosthesis 420 is in
place, the proximal trigger wire is withdrawn by distal
movement of the proximal wire release mechanism 424. The
proximal wire release mechanism 424 and the proximal
trigger wire can be completely removed by passing the
proximal wire release mechanism 424 over the pin vise 439,
the screw cap 446, and the connection means 416.

[0221] Next, the screw cap 446 of the pin vise 439 is then
loosened. After this loosening, the thin-walled tube 415 can
be pushed in a proximal direction to move the cylindrical
sleeve 410 in a proximal direction. When the cylindrical
sleeve 410 no longer surrounds the self-expanding stent 421,
the self-expanding stent 421 expands. When the self-ex-
panding stent 421 expands, the barbs 451 grip the walls of
the lumen to hold the proximal end of the prosthesis 420 in
place. From this stage on, the proximal end of the prosthesis
420 cannot be moved again.
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[0222] Once the proximal end of the prosthesis 420 is
anchored, the external sheath 430 is withdrawn to distal of
the distal attachment section 440. This withdrawal allows
the contralateral limb 460 and the longer leg 432 of the
prosthesis 420 to expand. At this point, the distal end 442 of
the prosthesis 420 may still be moved. Consequently, the
prosthesis 420 can still be rotated or lengthened or shortened
for accurate positioning. Such positioning of the prosthesis
420 may ensure that the shorter leg 460 extends in the
direction of a contralateral artery.

[0223] After the shorter leg 460 extends in the direction of
the contra-iliac artery, an optional second prosthetic module
450 may be deployed. The second prosthetic module 450 is
deployed such that it forms a tromboning connection with
the shorter leg 460 and extends from the shorter leg 460 into
the contralateral artery.

[0224] The method of introduction of the second pros-
thetic module 450 is as follows. A guide wire (not shown) is
introduced into the contralateral femoral artery and
advanced until its tip is above the region into which the
prosthesis is to be deployed. The second introducer is then
advanced over the guide wire with an oscillating and rotat-
ing action until the extension prosthesis is overlapped one
full stent within the contralateral limb 460. A final position
check may then be made before the sheath is withdrawn
while holding the thick-walled tube in place.

[0225] The introducer and deployment method described
above can be adapted for implantation in other regions. For
example, if a first prosthetic module is placed into the aorta,
a connecting prosthetic module can be placed into the renal,
iliac, superior mesenteric, celiac or other artery to form a
tromboning interconnection. If a first prosthetic module is
placed into the thoracic aorta, a connecting prosthetic mod-
ule can be placed into another portion of the thoracic aorta,
the left subclavian, left common carotid, innominate or other
artery. Furthermore, prosthetic modules which are implanted
in the same artery can be connected to each other. The
overlap region of each of these embodiments is preferably
adapted to the size of the relevant anatomy and the forces to
which the prostheses are exposed in the relevant anatomy.

[0226] Other features and aspects of this invention will be
appreciated by those skilled in the art upon reading and
understanding this specification. Such features, aspects and
expected variations and modifications are clearly within the
scope of this invention.

EXAMPLE 1

[0227] Thirty feet of whole intestine from a mature adult
hog is rinsed with water. This material is then treated in a
0.2% by volume peracetic acid in a 5% by volume aqueous
ethanol solution for a period of two hours with agitation. The
tela submucosa layer is then delaminated in a disinfected
casing machine from the whole intestine. The delaminated
tela submucosa is rinsed four (4) times with sterile water and
tested for impurities or contaminants such as endotoxins,
microbial organisms, and pyrogens. The resultant tissue was
found to have essentially zero bioburden level. The tela
submucosa layer separated easily and consistently from the
whole intestine and was found to have minimal tissue debris
on its surface.
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EXAMPLE 2

[0228] A ten foot section of porcine whole intestine is
washed with water. After rinsing, this section of tela sub-
mucosa intestinal source material is treated for about two
and a half hours in 0.2% peracetic acid by volume in a 5%
by volume aqueous ethanol solution with agitation. Follow-
ing the treatment with peracetic acid, the tela submucosa
layer is delaminated from the whole intestine. The resultant
tela submucosa is then rinsed four (4) times with sterile
water. The bioburden was found to be essentially zero.

EXAMPLE 3

[0229] A small section of the tela submucosa intestinal
material was subcutaneously implanted in a rat. Within 72
hours, significant angiogenesis was observed.

EXAMPLE 4

[0230] Two sections of small intestine are processed by
different methods. The first section is rinsed in tap water,
disinfected for 2 hours in a 5% by volume aqueous ethanol
solution comprising 0.2% by volume peracetic acid, pH
approximately 2.6, delaminated to the tela submucosa,
rinsed in purified water, divided into two samples and
rapidly frozen. The second section is rinsed in tap water,
delaminated to the tela submucosa, rinsed in purified water,
placed in a 10% neomycin sulfate solution for 20 minutes (as
described in U.S. Pat. No. 4,902,508), rinsed in purified
water, divided into two samples and rapidly frozen. The four
above-prepared samples are tested for bioburden and endot-
oxin levels. The first two samples each have bioburdens of
less than 0.1 CFU/g and endotoxin levels of less than 0.1
EU/g. The second two samples have respective bioburdens
of 1.7 CFU/g and 2.7 CFU/g and respective endotoxin levels
of 23.9 EU/g and 15.7 EU/g.

EXAMPLE 5

[0231] Three sections of small intestine are processed by
different methods. The first is rinsed in tap water, disinfected
for 2 hours in a 5% by volume aqueous ethanol solution
comprising 0.2% by volume peracetic acid, pH about 2.6,
delaminated to the tela submucosa, rinsed in purified water,
and rapidly frozen. The second is rinsed in tap water,
delaminated to the tela submucosa, rinsed in purified water,
disinfected according to the methods of Example 1 in U.S.
Pat. No. 5,460,962 (treatment for 40 hours in a 0.1% by
volume aqueous solution of peracetic acid, buffered to pH
7.2), and rapidly frozen. U.S. Pat. No. 5,460,962 is incor-
porated herein by reference. The third is rinsed in tap water,
delaminated to the tela submucosa, rinsed in purified water,
disinfected according to the methods of Example 2 in U.S.
Pat. No. 5,460,962 (treatment in 0.1% by volume peracetic
acid in high salt solution, buffered to pH 7.2), and rapidly
frozen. All three samples were tested for endotoxins. The
endotoxin levels were <0.14 EU/g for the first sample, >24
EU/g for the second sample, and >28 EU/g for the third
sample.

EXAMPLE 6

[0232] Two sections of porcine small intestine were
infected with 7x10° plaque forming units (PFU) of virus.
Both were exposed to a 0.18% peracetic acid, 4.8% aqueous
ethanol solution at a nine-to-one weight ratio of solution to
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material. A first sample was immersed in this solution for 5
minutes; the second was immersed for 2 hours. The material
processed for 5 minutes exhibited 400 PFU per gram of
material. The material processed for 2 hours exhibited zero
PFU per gram of material.

EXAMPLE 7

[0233] Purified tela submucosa, prepared as described
herein, was tested to determine its nucleic acid content. Four
samples of material weighing 5 mg each were subjected to
DNA/RNA extraction as detailed in the DNA/RNA Isolation
Kit (Amersham Lifescience Inc., Arlington Heights, IIL.).
Nucleic acid quantitation was performed by spectrophoto-
metric determination of solution optical densities at 260 nm
and 280 nm. The average nucleic acid content was 1.9+0.2
pg per milligram of material.

[0234] Small intestine submucosa, prepared as described
in U.S. Pat. No. 4,902,508, was tested to determine its
nucleic acid content. Four samples of material weighing 5
mg each were subjected to DNA/RNA extraction as detailed
in the DNA/RNA Isolation Kit by Amersham. Nucleic acid
quantitation was performed by spectrophotometric determi-
nation of solution optical densities at 260 nm and 280 nm.
The average nucleic acid content was 2.4+0.2 ug per milli-
gram of material.

EXAMPLE 8

[0235] Sections of tela submucosa prepared according to
the methods described herein were sent to an independent
testing laboratory (NamSA, Inc., Northwood, Ohio) for
biocompatibility testing as described in the standard ISO
10993. The samples were tested for USP Acute Systemic
Toxicity, USP Intracutaneous Toxicity, Cytotoxicity, LAL
Endotoxin, material-mediated Pyrogenicity, Direct Contact
Hemolysis, and Primary Skin Irritation. The samples passed
all tests, indicating that the material is biocompatible.

1. An endoluminal device, comprising:
a stent; and

a tubular graft supported by the stent, the tubular graft
comprising a proximal opening, a distal opening, a
synthetic material and a bioremodelable material;

wherein the bioremodelable material forms an exterior
surface of the tubular graft in at least one band adjacent
at least one of the proximal and distal openings.

2. The device of claim 1, wherein the bioremodelable
material comprises one of an extracellular matrix material
and a synthetic matrix material.

3. The device of claim 2, wherein the extracellular matrix
material comprises purified small intestine submucosa.

4. The device of claim 2, wherein the extracellular matrix
material comprises at least one filament of purified small
intestine submucosa.

5. The device of claim 4, wherein the at least one filament
of purified small intestine submucosa is incorporated into
the graft by one of weaving, knitting and sewing.

6. The device of claim 4, wherein a composite thread
incorporated into the tubular graft comprises at least one
synthetic filament and the at least one filament of purified
small intestine submucosa.
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7. The device of claim 2, wherein the extracellular matrix
material comprises a purified small intestine submucosa
particulate that is incorporated into the graft by a process
selected from a group consisting of impregnating in the
synthetic material and coating on the synthetic material.

8. The device of claim 2, wherein the extracellular matrix
material comprises at least one sheet of purified small
intestine submucosa that is affixed to the exterior surface of
the tubular graft.

9. The device of claim 8, further comprising a layer of an
extracellular matrix material digest between the at least one
sheet of purified small intestine submucosa and the exterior
surface of the tubular graft.

10. The device of claim 8, wherein the at least one sheet
of purified small intestine submucosa is affixed to the graft
with one of adhesive, staples and sutures.

11. The device of claim 2, wherein the extracellular matrix
material is disposed at least partially between the stent and
the synthetic material.

12. The device of claim 2, wherein the stent is at least
partially coated with the extracellular matrix material.

13. The device of claim 2, wherein the extracellular
matrix material is impregnated into the synthetic material
with the assistance of a partial vacuum.

14. An endoluminal device, comprising:

a first prosthetic module having an opening at one end and
a first exterior surface;

a bioremodelable material disposed on the first exterior
surface in a first band;

a second prosthetic module having an opening at one end
and a second exterior surface; and

wherein the first and second prosthetic modules are con-
nected by inserting the one end of the second module
into the one end of the first module to form an overlap
region.

15. The device of claim 14, wherein the first band is
disposed in the overlap region and wherein at least a portion
of the second prosthetic module that overlaps the band is
porous.

16. The device of claim 14, wherein the bioremodelable
material comprises one of an extracellular matrix material
and a synthetic matrix material.

17. The device of claim 16, wherein the extracellular
matrix material comprises purified small intestine submu-
cosa.

18. The device of claim 16, wherein the extracellular
matrix material is also disposed on the second exterior
surface in a second band.

19. A method of making an endoluminal device, compris-
ing:

forming a graft material into a tube with a proximal and

a distal opening;

incorporating a bioremodelable material into the graft
material so as to provide a band of bioremodelable
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material disposed on an exterior surface of the tube and
adjacent at least one of the proximal and distal open-
ings; and

affixing a stent so as to support the tube.

20. The method of claim 19, wherein the bioremodelable
material comprises one of a synthetic matrix material and an
extracellular matrix material.

21. The method of claim 20, wherein the extracellular
matrix material comprises purified small intestine submu-
cosa.

22. The method of claim 20, wherein the extracellular
matrix material comprises at least one filament of purified
small intestine submucosa incorporated into the graft mate-
rial by a process selected from a group consisting of weav-
ing, knitting and sewing.

23. The method of claim 20, wherein the extracellular
matrix material comprises a fluidized purified small intestine
submucosa particulate, and wherein the method further
comprises infiltrating the fluidized purified small intestine
submucosa particulate into the graft material.

24. The method of claim 23, further comprising infiltrat-
ing the graft material with the purified small intestine
submucosa particulate with a partial vacuum.

25. The method of claim 20, wherein the extracellular
matrix material comprises at least one sheet of purified small
intestine submucosa that is affixed to the exterior surface of
the graft by one of adhesive and sutures.

26. The method of claim 25, wherein the adhesive is an
extracellular matrix digest.

27. A method of reducing endoluminal device endoleaks,
comprising:

providing an endoluminal device comprising a tubular
graft supported by a stent, wherein the tubular graft
comprises a synthetic material and a bioremodelable
material and wherein the bioremodelable material
forms an exterior surface in at least one band adjacent
at least one of the proximal and distal openings; and

deploying the endoluminal device into a body lumen.

28. The method of claim 27, wherein the bioremodelable
material comprises one of an extracellular matrix material
and a synthetic matrix material.

29. The method of claim 28, wherein the extracellular
matrix material is purified small intestine submucosa.

30. The method of claim 29, further comprising a process
selected from a group consisting of:

suturing the purified small intestine submucosa to the
tubular graft;

weaving a filament formed from the purified small intes-
tine submucosa into the tubular graft; and

sewing a filament formed from the purified small intestine
submucosa into the tubular graft.
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