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(57) ABSTRACT 

An endovascular prosthesis of the present invention includes 
an expandable stent and a means for sealably attaching a 
tubular graft to the stent Within the stent’s lumen. The means 
of sealably attaching a graft includes membranes, foams, 
polymeric materials and combinations thereof. Additionally, 
the present invention includes methods of forming an endo 
vascular prosthesis and methods of implanting an endovas 
cular prosthesis Within a vessel to provide sealable secure 
ment of a tubular graft Within the stent’s lumen. 
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SEALABLE ATTACHMENT OF ENDOVASCULAR 
STENT TO GRAFT 

FIELD OF THE INVENTION 

[0001] The present invention relates to an endovascular 
prosthesis for intraluminal delivery, and a method of 
implanting the endovascular prosthesis for repairing an 
aorta. More particularly, the present invention relates to 
endovascular prosthesis including a stent and a means for 
sealably attaching a graft thereto for use in a blood vessel or 
a bifurcated system, such as an abdominal aortic artery 
Where it bifurcates to the common iliac arteries. 

BACKGROUND OF THE INVENTION 

[0002] An abdominal aortic aneurysm (“AAA”) is an 
abnormal dilation of the arterial Wall of the aorta in the 
region of the aorta that passes through the abdominal cavity. 
The condition most commonly results from atherosclerotic 
disease. Abdominal aortic aneurysms are typically dissect 
ing aneurysms, Which are aneurysms that are formed When 
there is a tear or ?ssure in the arterial lining or Wall through 
Which blood is forced and eventually clots, forming a 
thrombosis Which sWells and Weakens the vessel. Abdomi 
nal aortic aneurysms typically do not cause pain and are 
easily detected by physical examination. The aneurysm may 
rupture if it is not detected and treated, causing massive 
hemorrhaging Which is likely to be fatal to the patient. 

[0003] Treatment of AAAs typically comprises some form 
of arterial reconstructive surgery, commonly referred to as a 
“triple-A” procedure. One such method is bypass surgery, in 
Which an incision is made into the abdominal cavity, the 
aorta is closed off above and beloW the site of the aneurysm, 
the aneurysm is resected, and a synthetic graft or tube siZed 
to approximate the diameter of the normal aorta is sutured to 
the vessel to replace the aneurysm and to alloW blood ?oW 
through the aorta to be reestablished. 

[0004] Many patients experiencing such AAAs, hoWever, 
are over 65 years of age and often have other chronic 
illnesses Which increase the risk of pre-operative or post 
operative complications. Thus, such patients are not ideal 
candidates for triple-A procedures. Further, this procedure is 
generally not performed successfully once an aneurysm has 
ruptured due to the extensiveness of the surgery and the time 
required to prepare a patient for surgery. The mortality rate 
for patient experiencing such ruptured aneurysms is over 
65%. 

[0005] As a result of the aforementioned disadvantages to 
conventional surgical methods, minimally invasive tech 
niques have been developed for the repair of AAAs. Such 
methods involve placement of a stent-graft at the site of the 
aneurysm by a catheter, knoWn as an introducer, Which 
serves as a deployment device. The stent-graft and its 
deployment system are typically introduced into the blood 
stream percutaneously and negotiated by means of a 
guideWire to the site of the aneurysm Where the stent is 
caused to be radially expanded. Such procedures are desir 
able as they can be performed using local anesthesia and do 
not expose the patient to many of the same risks associated 
With triple-A procedures. But the bifurcated structure and 
environment of the abdominal aortic and the technology of 
the prior art stent-grafts continue to be plagued With issues 
associated With long term stability. 
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[0006] In such minimally invasive repair procedures, the 
bifurcated structure of the abdominal aortic arch necessitates 
the use of a uniquely-structured bifurcated stent-graft. Typi 
cally, aneurysms, occlusions or stenoses Will occur at the 
location Where the aortic arch bifurcates into the iliac 
arteries and may also occur at the iliac arteries. The in situ 
positioning of stent-grafts in this area is more dif?cult than 
the positioning of such devices in the lumen of non-bifur 
cated vessels. As both limbs of a bifurcated stent-graft are 
inserted and advanced through a single branch of the femo 
ral arterial system, one of the limbs of the stent-graft must 
ultimately be pulled or draWn into the contralateral branch 
so that the stent-graft is suitably positioned across both the 
aortic aneurysm and the associated common iliac aneurysms 
to supply circulation to each of the loWer limbs. 

[0007] Bifurcated stent-grafts are frequently too bulky to 
advance through a single iliac artery, particularly in vieW of 
the fact that the limb for the contralateral branch of the 
stent-graft must be inserted together With the limb of the 
ipsilateral branch. Additionally, care must be taken to not 
tWist or kink the stent-graft as it is placed in the contralateral 
artery. The caudal portion of the graft must not stretch across 
the mouth of the internal iliac artery Which Would result in 
inadvertent occlusion of that artery. The procedure of draW 
ing one limb of the stent-graft from one femoral artery to the 
contralateral femoral artery requires placement of a cross 
femoral catheter using a closable Wire basket prior to 
insertion of the stent-graft. 

[0008] This procedure requires signi?cant and skillful 
Wire catheter manipulation, frequently Within the aneurys 
mal cavity. As such, care must be taken to avoid disturbing 
or dislodging thrombic or embolic material from Within the 
aneurysmal sac. Additional factors such as the severe tor 
tuosity of the iliac arteries and the marked angulation of the 
aortoiliac junction resulting from the tendency of the 
abdominal aortic artery to extend caudally during aneurysm 
formation combine to make deployment of endoluminal 
bifurcated grafts time consuming and at increased risk of 
procedural complications and failure. 

[0009] To overcome the aforementioned risks associated 
With the use of one-piece stent-grafts in the repair of 
aneurysms occurring in bifurcated vessels, tWo component 
bifurcated designs have been developed Which may be 
assembled in situ. The ?rst component consists of the upper 
trunk, Which is positioned just beloW the renals, a stump, and 
an iliac limb. The second component is then deployed into 
the stump, connecting the device to the contralateral iliac 
limb. These devices have had a number of issues, Which 
include fabric Wear, kinking, and endoleaks at the upper 
neck and at the stump junction; in addition, some have 
proven to be dif?cult to manufacture, not secure to vessel 
Wall, or dif?cult to assemble in situ. 

[0010] The main reason for lack of success With endolu 
minal repair focuses around the fact that the vascular system 
in general, and more apparent in an aneurysm sac is the 
morphology continues to change. The morphological envi 
ronment leads to unexpected and unanticipated stress Which 
is placed on the stent-grafts used to treat the disease. Such 
Wearing and endoleaking necessitates the repair of these 
devices, requiring additional surgical procedures Which may 
include replacement of the device. Consequently, there is a 
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continuing need for the development of stents With attached 
grafts and techniques useful for the repair of aneurysms in 
general, and AAAs. 

SUMMARY OF THE INVENTION 

[0011] In vieW of the foregoing, it is an object of the 
present invention to provide an endovascular prosthesis and 
method of implanting the prosthesis into a vessel that 
provides a means for sealably attaching a tubular graft 
Within the endovascular prosthesis. Additionally, the present 
invention provides for a prosthesis that is ?exible and 
durable to adjust to the morphological environment and is 
able to assemble in situ. 

[0012] The present invention includes an endovascular 
prosthesis including an expandable stent having an inner 
lumen, and a means for sealably attaching a tubular graft 
Within the lumen of the stent. The means of sealably 
attaching a graft includes membranes, foams, polymeric 
materials and combinations thereof. 

[0013] Another embodiment of the present invention, 
there is provided an endovascular prosthesis including an 
expandable stent and a membrane supported by the stent and 
extending across the lumen. The membrane further includ 
ing a graft receiving member for sealably receiving at least 
one tubular graft therethrough. 

[0014] The present invention further provides an endovas 
cular prosthesis as above-described and the membrane fur 
ther including an electrostatically spun material having a 
graft receiving opening for sealably receiving at least one 
tubular graft therethrough. 

[0015] An embodiment of the present invention, there is 
provided a bifurcated endovascular prosthesis including a 
?rst prosthetic component and a second component. The ?rst 
component is similar to those described-above including a 
stent, a membrane extending transversely across the inner 
lumen of the stent and attached thereto. The membrane 
additionally having an opening. The second prosthetic com 
ponent being extended through the opening in a substantially 
?uid tight seal. The second component further including one 
or more grafts. 

[0016] A further embodiment of the present invention, 
there is provided a multi-component endovascular prosthetic 
system including tWo prosthesis and a tubular graft. Each 
prosthesis including an expandable stent and a membrane 
extending transversely across the inner lumen and attached 
to the stent. Each membrane further having a graft receiving 
opening. The tubular graft being extended sealably through 
a graft receiving opening of each prosthesis for directing 
?uid through the tubular graft. 

[0017] Another embodiment of the present invention, 
there is provided an endovascular prosthesis including a 
stent having an inner lumen, a distal end and a proximal end, 
the distal end having an opening, and the proximal end 
having tWo openings opposing the distal opening; and a 
puncturable membrane extending across each of the proxi 
mal end openings. 

[0018] Another aspect of the present invention, there is 
provided an endovascular prosthesis including an expand 
able stent, a ?rst graft and a second graft. The expandable 
stent has a distal end and a proximal end, and an opening 
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extending therethrough. The ?rst graft being attached to the 
distal end of the stent Within the opening, and having an 
inner lumen extending therethrough. The second graft being 
attached to the proximal end of the stent Within the opening 
and spaced from the ?rst graft. The second graft having at 
least tWo inner lumens extending therethrough and a mem 
brane extending transversely across each of the inner lumens 
of the second graft. 

[0019] Another embodiment of the present invention, 
there is provided an endovascular prosthetic assembly 
including an expandable stent and a tubular graft inserted 
Within the inner lumen of the stent. The graft having an 
expanded foam attached to the exterior surface of the graft. 
The expandable foam sealably securing the tubular graft to 
the stent. 

[0020] One aspect of the present invention, there is pro 
vided a kit of parts for assembly into an endovascular 
prosthetic system. The kit including an expandable stent for 
insertion into a body endovascularly; a tubular graft adapted 
to be inserted Within the stent, the tubular graft having an 
interior surface for body ?uid ?oW and an exterior surface; 
and an expandable foam on the exterior surface of the 
tubular graft. The expandable foam being adapted to expand 
Within the stent to sealably secure the tubular graft to the 
stent. 

[0021] A further embodiment of the present invention, 
there is provided an endovascular prosthetic assembly 
including a stent, a tubular graft extending into the stent and 
a polymeric material sealably supporting the tubular graft to 
the stent. 

[0022] Another aspect of the present invention there is 
provided, a kit of parts for assembly into an endovascular 
prosthetic system. The kit including a stent having a primary 
reactive material being disposed on the inner surface of the 
stent; a tubular graft adapted to extend Within the inner 
lumen, the graft having the primary material being disposed 
on the exterior surface; and a secondary material reactive 
With the primary material. The second material being 
adapted to be applied to the primary material upon insertion 
of the graft Within the inner lumen, the secondary material 
being reactive With the primary material to form a seal 
betWeen the graft and the stent. 

[0023] A further aspect of the present invention there is 
provided methods of forming and methods of implanting the 
various endovascular prosthesis of the present invention 
Within a vessel. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0024] FIG. 1 is an enlarged plan vieW of the endovas 
cular prosthesis of the present invention including a stent 
and attached membrane having graft receiving members. 

[0025] FIG. 2 is a plan vieW of an endovascular prosthesis 
of FIG. 1 implanted in abdominal aorta. 

[0026] FIG. 3 is a top vieW of the endovascular prosthesis 
of FIG. 1 shoWing the graft receiving members. 

[0027] FIG. 4 shoWs the endovascular prosthesis of FIG. 
1 further including grafts. 

[0028] FIG. 5 is a top vieW of the endovascular prosthesis 
of FIG. 3 including grafts therethrough. 
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[0029] FIG. 6 shows the bifurcated endovascular prosthe 
sis of FIG. 2 including a branched graft. 

[0030] FIG. 7 shows the endovascular prosthesis of FIG. 
2 including tubular prosthesis for a bifurcated system. 

[0031] FIG. 8 shoWs the endovascular prosthesis of FIG. 
7 shoWing a deployment of tubular prosthesis for a bifur 
cated system. 

[0032] FIG. 9 is a plan vieW of an endovascular prosthesis 
of the present invention shoWing a stent and a membrane. 

[0033] FIG. 10 shoWs the endovascular prosthesis of FIG. 
9 further including tubular graft. 

[0034] FIG. 11 shoWs a multi-component endovascular 
prosthetic system of the present invention. 

[0035] FIG. 12 shoWs an endovascular prosthesis of the 
present invention combined With tubular grafts. 

[0036] FIG. 13 is an enlarged plan vieW of an endovas 
cular prosthesis of FIG. 12 including a stent and attached 
membrane. 

[0037] FIG. 14 is a plan vieW of an endovascular pros 
thesis of the present invention shoWing a stent, grafts and 
membranes in combination With tubular grafts. 

[0038] FIG. 15 is a plan vieW of the endovascular pros 
thesis system of the present invention shoWing the expand 
able foam in the expanded state. 

[0039] FIG. 16 shoWs the endovascular prosthetic assem 
bly of FIG. 15 shoWing the expandable foam. 

[0040] FIG. 17 is a plan vieW of an endovascular pros 
thesis of the present invention shoWing a stent having an 
attached membrane in combination With an expandable 
foam. 

[0041] FIG. 18 is a plan vieW of an endovascular pros 
thetic system of the present invention shoWing a polymeric 
material sealably supporting a tubular graft to a stent. 

[0042] FIG. 19 shoWs the endovascular prosthetic system 
of FIG. 18 shoWing a primary reactive material on a graft 
and stent. 

[0043] FIG. 20 is a plan vieW of an endovascular pros 
thesis of the present invention shoWing primary material on 
the membrane and grafts. 

[0044] FIG. 21 shoWs the endovascular prosthesis of FIG. 
20 shoWing the polymeric material sealably securing the 
tubular graft to a membrane. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0045] The present invention relates to an endovascular 
prosthesis for intraluminal delivery, as shoWn in FIGS. 1-21. 
The prosthesis is particularly suited for use as a vascular 
prosthesis. The prosthesis of the present invention over 
comes the aforementioned problems of the prior art includ 
ing leaking and Wearing betWeen a tubular prosthesis and a 
stent. Additionally, the prosthesis of the present invention 
provides ?exibility to adapt to the morphology of the 
vascular environment. The prosthesis of the present inven 
tion includes minimal components to provide for a simple 
assembly in situ. 
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[0046] One embodiment of the present invention is a 
prosthesis 1 as shoWn in FIG. 1-3. The prosthesis 1 is a 
generally tubular structure Which includes a stent 2 and a 
membrane 3. 

[0047] The stent 2 of the present invention is similar to 
those knoWn in the art. The stent 2 can be open-celled or 
porous Which is in direct contact With the aortic Wall. This 
permits ingroWth of cells for the stabiliZation of implanted 
endoprosthesis, and device ?xation. The stent may further be 
coated With various materials as knoWn in the art to encour 
age cell groWth therethrough. In addition, the stent 2 may 
incorporate a covering, or a graft composite (not shoWn) to 
prevent blood ?oW therethrough. The stent 2 may be covered 
or coated on the stent’s exterior, interior or both depending 
on the application. 

[0048] As is knoWn in the art, a stent has tWo diameters, 
the compressed diameter and the expanded diameter 
Wherein the compressed diameter is substantially smaller 
than the expanded diameter. The compressed diameter of a 
stent varies depending on the materials of construction and 
structure of a stent. In general, the compressed diameter 
must be small enough to alloW for implantation through the 
vasculature via a minimally invasive deployment system 
(not shoWn). The expanded diameter needs to be substan 
tially the same diameter-as the vasculature in Which it is to 
replace or repair. The expanded diameter needs to be large 
enough to alloW a stent to suf?ciently secure to the aortic 
Wall Without acting as a driving force to expand or dilate the 
vessel. 

[0049] Various stent types and stent constructions may be 
employed in the invention. Stents may be capable of radially 
contracting, as Well, and in this sense can best be described 
as radially distensible, deformable or conformable. Stents 
may be balloon expandable or self-expandable. Balloon 
expanding stents include those that are radially expanded by 
an applied force. Self-expanding stents include those that 
have a spring-like action Which causes the stent to radially 
expand, or stents Which expand due to the pre-set memory 
properties of the stent material for a particular con?guration 
at a certain temperature range. Nitinol is one material Which 
has the ability to perform Well While both in spring-like 
elastic mode, as Well as in a memory mode based on 
temperature. Other materials are of course contemplated, 
such as stainless steel, tantalum, platinum, gold, titanium 
and other bicompatible metals, as Well as shape memory 
polymers or polymeric based stents, or indeed composites of 
the aforementioned. 

[0050] The con?guration of a stent may also be chosen 
from a host of geometries. For example, Wire stents can be 
fastened into a continuous helical pattern, With or Without a 
Wave-like or Zig-Zag in the Wire, to form a radially deform 
able stent. Individual rings or circular members can be 
linked together such as by struts, sutures, Welding, interlac 
ing or locking of the rings to form a tubular stent structure. 
Tubular stents useful in the present invention also include 
those formed by etching or cutting a pattern from a tube. 
Such stents are often referred to as slotted stents. Further 

more, stents may be formed by etching a pattern into a 
material or mold and depositing stent material in the pattern, 
such as by chemical vapor deposition or the like. 

[0051] As shoWn in FIGS. 1 and 2, stent 2 has a pair of 
spaced apart ends, a distal end 4, and a proximal end 5, and 
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a tubular Wall structure therebetWeen. The tubular Wall 
structure has an external surface and an internal surface 
Which de?nes the inner lumen 6 of stent 2. The membrane 
3 is supported by stent 2 and extends across the inner lumen 
6 of stent 2. The membrane 3 has one or more graft receiving 
members 7 for sealably receiving at least one tubular graft 
therethrough. The graft receiving member 7 is de?ned as a 
Weakened section, a slit, a hole, a penetrable material, a 
punchout, a puncture, a valve and the like. 

[0052] Generally, membrane 3 is impermeable to blood, 
but the membrane material can be permeable to blood and 
coated to be or become impermeable in situ. Membrane 3 
may be made from a variety of Well knoWn materials, 
provided they have the requisite strength characteristics and 
biocompatibility properties. Membrane 3 is made from a 
?exible and compressible material. In addition, membrane 3 
may be synthetic or natural. Examples of such materials are 
polymers, elastomers, rubbers, Waxes, silicone, parylene, 
polyurethane, vinyl polycaprolactone, (TEFLON) polytet 
ra?uoroethylene, polypropylene, polyethylene, DACRON, 
allograph, Zeno-graph material, latex, as Well as composites 
of the aforementioned. Examples of commercially available 
materials are Corethane (Corvita); Carbothane (Thermed 
ics); Silastic, Pellethane, and Parylene (Specialty Coating 
Systems). The material can be extruded, knitted, Woven, or 
electrostatically spun material. 

[0053] Additionally, membrane 3 can be coated or impreg 
nated With bio-erodible, biodegradable or degradable mate 
rial such as polymers, albumin, collagen, heparin or similar 
coating material. The membrane could have a coating of a 
biologically inert material, such as PTFE, or porous poly 
urethane. The coating can be added to the membrane by 
methods knoWn in the art such as dipping, spraying or vapor 
disposition on the material. 

[0054] The thickness of membrane 3 can vary depending 
on the application and the material of construction of 
membrane 3. Generally, the thickness of the membrane is 
less than the distance betWeen distal end 4 and proximal end 
5 of the stent 2. Therefore, some part of stent 2 extends 
above and/or beloW membrane 3. For example, in a vascular 
application membrane 3 can range from 0.001 mm-0.6 mm, 
preferably 0.1 mm-0.4 mm. 

[0055] Membrane 3 may be a planar surface or a variety 
of shapes depending on the application. Membrane 3 can be 
shaped to assist in bonding membrane 3 to stent 2 and/or to 
provide sealable securement of a tubular graft to membrane 
3. For example, FIG. 1 shoWs membrane 3 having a peak 
formation 3a and 3b, having the graft receiving member 
located at the top of the peak formation 3a and 3b. The peak 
formation 3a and 3b assist in sealing betWeen a tubular graft 
and membrane 3 by providing more surface area contact 
betWeen the tWo surfaces, shoWn in FIG. 5 as peak forma 
tion 13a and 13b and tubular graft 18. A cup-shape, or 
sock-shape membrane assists in attaching the membrane 
Within the stent lumen by providing more surface area for 
the membrane to bond to a stent. 

[0056] FIGS. 1 and 3 shoW membrane 3 attached to and 
supported by inner lumen 6 of the stent 2. Membrane 3 can 
be attached to stent 2 by adhesive bonding, such as silicone 
or polyurethane; mechanical attachment, such as sutures or 
staples; thermal bonding, laminate; or chemical bonding. In 
addition, the inner surface of stent 2 may be coated With an 
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elastomer or polymer and a solvent may be used to bond the 
coated inner surface to the membrane. Membrane 3 can be 
positioned across inner lumen 6 of stent 2 at any location 
along stent 2 such as across the distal end 4, the proximal 
end 5 or there betWeen of stent 2. 

[0057] As shoWn in FIG. 1-3, the membrane 3 extends 
transversely across the inner lumen of stent 2 With a peak 
formation 3a and 3b located centrally in the membrane 3. A 
graft receiving member 7 is located at the top of each peak 
formation 3a and 3b. FIG. 2 shoWs the peak formation 3a 
and 3b directed in the cephalic direction, but it can be 
appreciated that the peak formation 3a and 3b can be 
inverted such that the top of the peak is directed toWard the 
caudal direction, depending on the desired application. In 
addition to assisting in sealing a tubular graft to the mem 
brane 3, the peak formation 3a and 3b acts as a check valve 
alloWing ?uid to ?oW in one direction across membrane 3, 
and closes upon no ?oW of ?uid in that direction. Addition 
ally, the peak formation 3a and 3b prevents back ?oW of 
?uid in the opposite direction through membrane 3. 

[0058] The prosthesis of the present invention as described 
above may be used in combination With one or more grafts. 
As shoWn in FIGS. 4 and 5, prosthesis 10 is similar to 
prosthesis 1 of FIG. 1, further including graft 18 extending 
sealably through graft receiving member 17. The membrane 
13 material of the peak formation 13a and 13b conforms 
around graft 18 and becomes coextensive With a portion of 
graft 18 securing graft 18 in a sealable manner. The ?oW of 
blood through graft 18 applies outWard radial pressure to the 
graft 18 against membrane 13, more speci?cally peak for 
mation 13a and 13b. Membrane 13 provides an opposing 
force against graft 18 provided by the membrane’s 13 
securement to stent 12 restricting its movement and, addi 
tionally, the restricted access of the graft 18 through the graft 
receiving member 17 of membrane 13. These opposing 
forces create a seal betWeen graft 18 and membrane 13. It 
can be appreciated that one or more peaks may be formed in 
membrane 13 material depending on the application. 

[0059] Any knoWn graft material, or tubular prosthesis, 
and structure may be used to form the graft of the present 
invention. The graft preferably has generally a tubular 
con?guration. The graft may be made from a variety of Well 
knoWn materials, provided they have the requisite strength 
characteristics and biocompatibility properties. Examples of 
such materials are polyester, polypropylene, polyethylene, 
polytetra?uoroethylene, expanded polytetra?uoroethylene 
and polyurethane, DACRON, TEFLON (polytetra?uoroet 
hylene), and PTFE coated DACRON as Well as composites 
of the aforementioned. The material can be extruded, Woven 
or knitted, Warp or Weft knitted. The graft can also be coated 
or impregnated With a bio-erodible, or degradable material, 
such as albumin, collagen, heparin or similar coating mate 
rial. Additionally, the graft could have a coating of a 
biologically inert material, such as porous polyurethane. 

[0060] In general, the diameter of graft 18 varies depend 
ing on the application but generally at least a portion of graft 
18 (or grafts, if multiple grafts used) should be substantially 
the same diameter as the graft receiving member 17. Gen 
erally, the diameter of graft 18 should be large enough to 
alloW for unobstructed blood ?oW and prevent retrograde 
pressure build-up in the blood ?oW While maintaining suf 
?cient traction against membrane 13 for long-term ?xation. 






















