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(54) Stent graft sealing zone connecting structure

(57)  An endoluminal prosthesis useful for treatment
of an abdominal aortic aneurysm includes a main body
portion and two leg portions. The main body portion in-
cludes a graft material coupled to stents. The stents in-
clude an upper supra renal stent and sealing stents. The
sealing length between the top of the graft material and
the bottom of the uppermost sealing stent is minimized
while avoiding stent overlap or otherwise compromising
the crimped profile by connecting the apexes of the supra
renal and sealing stents with a tether that is free to slide
within the apexes. In addition, a pleat is provided at the
top of the graft material at the attachment of the suprar-
enal and upper sealing stents to improve sealing. The
tether and pleat also redistribute the downward force
from blood flow to minimize the force carried by the at-
tachment sites between the stent and graft.
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Description

[0001] This invention relates broadly to surgical im-
plants. More particularly, this invention relates to con-
necting structure at the sealing zone for multi-part stents
particularly useful in synthetic grafts, although it is not
limited thereto.

[0002] An aneurysm is an abnormal dilation of a layer
or layers of an arterial wall, usually caused by a systemic
collagen or structural defect. An abdominal aortic aneu-
rysm (AAA) is an aneurysm in the abdominal portion of
the aorta, usually located in or near one or both of the
two iliac arteries or near the renal arteries. The aneurysm
often arises in the infrarenal portion of the diseased aorta,
for example, below the kidneys. A thoracic aortic aneu-
rysm is an aneurysm in the thoracic portion of the aorta.
When left untreated, the aneurysm may rupture, usually
causing rapid fatal hemorrhaging.

[0003] Aneurysms may be classified or typed by their
position as well as by the number of aneurysms in a clus-
ter. Typically, abdominal aortic aneurysms may be clas-
sified intofive types. A Type | aneurysm s a single dilation
located between the renal arteries and the iliac arteries.
Typically, in a Type | aneurysm, the aorta is healthy be-
tween the renal arteries and the aneurysm and between
the aneurysm and the iliac arteries.

[0004] ATypell Aaneurysmis asingle dilation located
between the renal arteries and the iliac arteries. Ina Type
Il A aneurysm, the aorta is healthy between the renal
arteries and the aneurysm, but not healthy between the
aneurysm and the iliac arteries. In other words, the dila-
tion extends to the aortic bifurcation. A Type Il B aneu-
rysm comprises three dilations. One dilation is located
between the renal arteries and the iliac arteries. Like a
Type Il A aneurysm, the aorta is healthy between the
aneurysm and the renal arteries, but not healthy between
the aneurysm and the iliac arteries. The other two dila-
tions are located in the iliac arteries between the aortic
bifurcation and the bifurcations between the external ili-
acs and the internal iliacs. The iliac arteries are healthy
between the iliac bifurcation and the aneurysms. A Type
I C aneurysm also comprises three dilations. However,
in a Type Il C aneurysm, the dilations in the iliac arteries
extend to the iliac bifurcation.

[0005] A Type lll aneurysm is a single dilation located
between the renal arteries and the iliac arteries. Ina Type
[Il aneurysm, the aorta is not healthy between the renal
arteries and the aneurysm. In other words, the dilation
extends to the renal arteries.

[0006] A ruptured abdominal aortic aneurysm is pres-
ently the thirteenth leading cause of death in the United
States. The routine management of abdominal aortic an-
eurysms has been surgical bypass, with the placement
of a graft in the involved or dilated segment. Although
resection with a synthetic graft via a transperitoneal or
retroperitoneal procedure has been the standard treat-
ment, it is associated with significant risk. For example,
complications  include perioperative  myocardial
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ischemia, renal failure, erectile impotence, intestinal
ischemia, infection, lower limb ischemia, spinal cord in-
jury with paralysis, aorta-enteric fistula, and death. Sur-
gical treatment of abdominal aortic aneurysms is asso-
ciated with an overall mortality rate of five percent in
asymptomatic patients, sixteen to nineteen percent in
symptomatic patients, and is as high as fifty percent in
patients with ruptured abdominal aortic aneurysms.
[0007] Disadvantages associated with conventional
surgery, in addition to the high mortality rate, include an
extended recovery period associated with the large sur-
gical incision and the opening of the abdominal cavity,
difficulties in suturing the graft to the aorta, the loss of
the existing thrombosis to support and reinforce the graft,
the unsuitability of the surgery for many patients having
abdominal aortic aneurysms, and the problems associ-
ated with performing the surgery on an emergency basis
after the aneurysm has ruptured. Further, the typical re-
covery period is from one to two weeks in the hospital
and a convalescence period, at home, ranging from two
to three months or more, if complications ensue. Since
many patients having abdominal aortic aneurysms have
other chronic ilinesses, such as heart, lung, liver and/or
kidney disease, coupled with the fact that many of these
patients are older, they are less than ideal candidates for
surgery.

[0008] The occurrence of aneurysms is not confined
to the abdominal region. While abdominal aortic aneu-
rysms are generally the most common, aneurysms in oth-
er regions of the aorta or one of its branches are possible.
For example, aneurysms may occur in the thoracic aorta.
Asisthe case withabdominal aortic aneurysms, the wide-
ly accepted approach to treating an aneurysm in the tho-
racic aorta is surgical repair, involving replacing the an-
eurysmal segment with a prosthetic device. This surgery,
as described above, is a major undertaking, with asso-
ciated high risks and with significant mortality and mor-
bidity.

[0009] Over the pastfive years, there has been a great
deal of research directed at developing less invasive, en-
dovascular, i.e., catheter directed, techniques for the
treatment of aneurysms, specifically abdominal aortic an-
eurysms. This has been facilitated by the development
of vascular stents, which can and have been used in con-
junction with standard or thin-wall graft material in order
to create a stent-graft or endograft. The potential advan-
tages of less invasive treatments have included reduced
surgical morbidity and mortality along with shorter hos-
pital and intensive care unit stays.

[0010] Stent-grafts or endoprostheses are now Food
and Drug Administration (FDA) approved and commer-
cially available. Their delivery procedure typically in-
volves advanced angiographic techniques performed
through vascular accesses gained via surgical cut down
of a remote artery, which may include the common fem-
oral or brachial arteries. Over a guidewire, the appropri-
ate size introducer will be placed. The catheter and
guidewire are passed through the aneurysm. Through
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the introducer, the stent-graft will be advanced to the ap-
propriate position. Typical deployment of the stent-graft
device requires withdrawal of an outer sheath while main-
taining the position of the stent-graft with an inner-stabi-
lizing device. Most stent-grafts are self-expanding; how-
ever, an additional angioplasty procedure, e.g., balloon
angioplasty, may be required to secure the position of
the stent-graft. Following the placement of the stent-graft,
standard angiographic views may be obtained.

[0011] Due to the large diameter of the above-de-
scribed devices, typically greater than twenty French
(8F=1 mm), arteriotomy closure typically requires open
surgical repair. Some procedures may require additional
surgical techniques, such as hypogastric artery emboli-
zation, vessel ligation, or surgical bypass in order to ad-
equately treat the aneurysm or to maintain blood flow to
both lower extremities. Likewise, some procedures will
require additional advanced catheter directed tech-
niques, such as angioplasty, stent placement and em-
bolization, in order to successfully exclude the aneurysm
and efficiently manage leaks.

[0012] While the above-described endoprostheses
represent a significant improvement over conventional
surgical techniques, there is a need to improve the en-
doprostheses, their method of use and their applicability
to varied biological conditions. Accordingly, in order to
provide a safe and effective alternate means for treating
aneurysms, including abdominal aortic aneurysms and
thoracic aortic aneurysms, a number of difficulties asso-
ciated with currently known endoprostheses and their de-
livery systems must be overcome. One concern with the
use of endoprostheses is the prevention of endo-leaks
and the disruption of the normal fluid dynamics of the
vasculature. Devices using any technology should pref-
erably be simple to position and reposition as necessary,
should preferably provide an acute, fluid tight seal, and
should preferably be anchored to prevent migration with-
out interfering with normal blood flow in both the aneu-
rysmal vessel as well as branching vessels. In addition,
devices using the technology should preferably be able
tobe anchored, sealed, and maintained in bifurcated ves-
sels, tortuous vessels, highly angulated vessels, partially
diseased vessels, calcified vessels, odd shaped vessels,
short vessels, and long vessels. In order to accomplish
this, the endoprostheses should preferably be highly du-
rable, extendable and re-configurable while maintaining
acute and long-term fluid tight seals and anchoring po-
sitions.

[0013] The endoprostheses should also preferably be
able to be delivered percutaneously utilizing catheters,
guidewires and other devices which substantially elimi-
nate the need for open surgical intervention. Accordingly,
the diameter of the endoprostheses in the catheter is an
important factor. This is especially true for aneurysms in
the larger vessels, such as the thoracic aorta. In addition,
the endoprostheses should preferably be percutaneous-
ly delivered and deployed such that surgical cut down is
unnecessary.

10

15

20

25

30

35

40

45

50

55

[0014] Referringto Fig. 1, atypical percutaneously de-
livered endoprosthesis 10 for treating an abdominal aor-
tic aneurism is a bifurcated device having a main body
12 and two legs 14, 16. Ideally, the device lines the aorta
and extends from just below the lowest renal artery into
both iliac arteries up to the juncture with the hypogastric
arteries. The endoprosthesis 10 is generally comprised
of a fabric graft material 18 coupled to several metallic
stents. The stents support the graft and hold it open within
the vessels. The main body 12 may include an upper
supra renal stent 20 extending above the graft material
18 and typically provided with tissue anchors 20a, one
or more sealing stents 22, 24 generally extending cir-
cumferentially in a Z-shape and providing outward force
against the graft to seal between the graft and the body
tissue, and a tapered stent 26 that leads into the legs 14,
16.

[0015] The endoprosthesis is delivered to the aneu-
rysm in the aorta by way of a delivery catheter. The de-
livery catheter containing the endoprosthesis is inserted
through a small incision in the groin where it is threaded
through the femoral artery and advanced to the location
of the aneurysm. The surgeon uses fluoroscopy to guide
the endoprosthesis and the endoprosthesis has several
markers to help the surgeon visualize the graft during
placement of the endoprosthesis. Itis desirable that there
be atleastten mm of overlap between the endoprosthesis
and a healthy vessel portion. Otherwise, an opening be-
tween the two can develop that can lead to leakage.
[0016] Referring again to Fig. 1, the minimum sealing
length 28, defined between the top 30 of the graft material
18 and the bottom 32 of the first sealing stent 22, is a
partial determinative of how effective the endoprosthesis
10 will be in preventing or at least limiting leakage. The
minimum sealing length is the length required to achieve
full circumferential apposition of a portion of the stent
against the vessel wall. While a longer sealing length is
advantageous, the seal length must also be short enough
to allow the endoprosthesis to fit the anatomy especially
where the anatomy includes a severe bend.

[0017] Further, when the supra renal and sealing
stents are crimped in diameter for loading and storage
within a delivery device, it is recognized that due to fore-
shortening the effective length of the stents of the endo-
prosthesis will be increased. Such foreshortening could
cause the stents to overlap each other, resultinginalarge
profile. To avoid any overlap between the supra renal
and sealing stents, itis necessary to displace such stents
within the graft material with a sufficiently large gap 34
so that when crimped there is a sufficient gap between
the stents to avoid undesirable overlap. While avoiding
overlap allows a small profile to be achieved, the mini-
mum sealing length is compromised since the gap in-
creases the minimum sealing length.

[0018] Inaddition, axial blood pressure through the en-
doprosthesis can create significant loading at the attach-
ment sites, particularly between the supra renal stentand
the graft material thereabout. Over time, such loading
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can affect the durability and integrity of the endoprosthe-
sis.

[0019] It is therefore an object of the invention to pro-
vide an endoprosthesis with a short and effective sealing
zone, such endoprosthesis particularly suitable for treat-
ment of an abdominal aortic aneurism.

[0020] It is also an object of the invention to provide
an endoprosthesis in which stent components thereof
will not overlap due to foreshortening in a crimped state
and in which a relatively short sealing zone is maintained,
such endoprosthesis particularly suitable for treatment
of an abdominal aortic aneurism.

[0021] It is another object of the invention to provide
an endoprosthesis that has improved sealing capability.
[0022] Itis an additional object of the invention to pro-
vide an endoprosthesis that has improved durability.
[0023] In accord with these objects, which will be dis-
cussed in detail below, an endoprosthesis, particularly
adapted as an abdominal aortic aneurysm (AAA) device,
is bifurcated including a main body portion and two leg
portions coupled thereto. The main body portion includes
a fabric graft material coupled to several metallic stent
structures at attachment sites. The stent structures in-
clude an upper supra renal stent extending above the
graft material, one or more sealing stents generally ex-
tending in a repeating Z-shape circumferentially within
the graft and, when expanded, providing outward force
against the graft, and a tapered stent that leads into the
legs.

[0024] According to one preferred aspect of the inven-
tion, the sealing length between the top of the graft ma-
terial and the bottom of the uppermost sealing stent is
minimized while avoiding stent overlap or otherwise com-
promising the crimped profile. The invention includes
connecting the apexes of the supra renal and sealing
stents with a tether, preferably fixed in length, that is free
to slide within the apexes. When the endoprosthesis is
crimped and thus the stents are compressed in diameter,
the tether has sufficient length to displace the supra renal
and sealing stents by a sufficient gap to prevent compro-
mising the crimped profile. When the endoprosthesis is
expanded and thus the stents are increased in diameter,
the tether which is free to move between the apexes, is
pulled taut drawing the stents toward each other to de-
crease the minimum sealing length.

[0025] According to another preferred aspect of the
invention, additional graft material is heat set into a pleat
at the top of the graft. When the endoprosthesis is
crimped, the pleat is unfolded to accommodate stent sep-
aration. After expansion of the endoprosthesis, the heat
set of the pleat results in at least partial automatic re-
gathering of the material into the pleat. The additional
graft material at the pleat provides multiple layers of graft
material to increase tissue contact. The graft material is
thrombogenic. The increased thickness of the material
provides better sealing.

[0026] According toyetanother preferred aspect of the
invention, the loading on the supra renal stent is shared
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between the tether and the attachment sites that couple
the supra renal stent to the graft. Initially all the force is
carried by the tether, with the force carried by the attach-
ment sites only after the pleat has unfolded as far as it
is able. Only thereafter is the downward force from blood
flow carried by the attachment sites between the stent
and graft.

[0027] Additional objects and advantages of the inven-
tion will become apparent to those skilled in the art upon
reference to the detailed description taken in conjunction
with the provided figures.

[0028] Embodiments of the invention will now be de-
scribed by way of example with reference to the accom-
panying drawings, in which:

Fig. 1is an expanded view of an exemplar endopros-
thesis designed by the inventors for the purpose of
describing certain issues with respect to prior art en-
doprosthesis designs;

Fig. 2 is a side elevation of an endoprosthesis ac-
cording to the invention;

Fig. 3 is an enlarged broken schematic section of an
upper portion of an endoprosthesis according to the
invention, shown in an expanded state;

Fig. 4 is an enlarged broken schematic section of an
upper portion of an endoprosthesis according to the
invention, shown in a crimped state;

Fig. 5 is graph of a the change in the gap between
the supra renal and upper sealing stent as a result
of increasing the diameter of the main body portion
of the stent;

Fig. 6 is a partial section of an upper interior wall of
an endoprosthesis according to the invention, shown
in an expanded state; and

Fig. 7 is a schematic broken section view through an
portion of an endoprosthesis according to the inven-
tion.

[0029] Turning now to Figs. 2 through 4, a vascular
endoprosthesis 110 suitable for treatment of an abdom-
inal aortic aneurysm (AAA) includes a main body portion
112 and two smaller leg portions 114, 116 coupled there-
to in a generally inverted Y-configuration. Each portion
includes graft material 118 and a plurality of expandable
stents coupled at the interior of the graft material, pref-
erably with stitching 119. The graft material is preferably
made of polyethylene terephthalate (sold under the
trademark Dacron®), which is thrombogenic. The stents,
described in more detail below, are preferably self-ex-
panding, formed from a superelastic, shape memory ma-
terial such as Nitinol or other nickel-titanium alloy, but
may be pressure expandable such as with a balloon cath-
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eter. When the stents are expanded, they provide out-
ward force of the graft material 118 against the body tis-
sue.

[0030] The main body portion 112 preferably includes
several discrete stents: an upper supra renal stent 120
preferably extending in a circular cylindrical form (i.e.,
preferably non-helical) above a portion of the graft ma-
terial 118 and typically provided with tissue anchors
120a, one or more sealing stents 122, 124 generally ex-
tending circumferentially about the graft in a repeating
Z-shape (also preferably extending non-helically) and
providing outward force against the graft to seal between
the graft and the body tissue, and a tapered stent 126
that leads into the legs 114, 116.

[0031] According to one aspect of the invention, the
supra renal and upper sealing stents 120, 122 are con-
nected together with a preferably fixed length tether 130
that is free to slide within the adjacent apexes 132, 134
of such stents. The cylindrical arrangement of the stents
provides that the apexes 132, 134 define points that lie
on respective circles. The tether 130 is preferably com-
prised of Dyneema synthetic fiber available from DSM of
The Netherlands, or another flexible, lubricious, high
strength, high fatigue resistance, and high wear resist-
ance material such as an HDPE fiber. When the endo-
prosthesis 110 is crimped and thus the stents are com-
pressed from the expanded diameter D4 (Fig. 3) to the
crimped diameter D, (Fig. 4) for loading into a delivery
device, the tether 130 has a length sufficient to allow the
supra renal and upper sealing stents to be displaced rel-
ative to each other by a large enough gap G, to prevent
compromising the crimped profile. As will be described
hereinafter, a pleat 140 helps accommodate displace-
ment of the stents 120, 122 relative to each other. When
the stents are again increased in diameter to D, once
the endoprosthesis is expanded, the tether 130, which
is free to move between the apexes 132, 134 through
which it extends, is pulled taut, drawing the stents 120,
122 toward each other to significantly reduce or even
completely eliminate the gap to G1 and decrease the
length of the endoprosthesis required to achieve full cir-
cumferential apposition against the vessel wall, i.e., the
minimum sealing length 136 (defined as the distance be-
tween the top 142 of the graft material 118 and the bottom
143 of the first sealing stent 122) relative to prior art en-
doprostheses suitable for treatment of abdominal aortic
aneurism.

[0032] Fig. 5 illustrates the change in gap length as
the diameter of the stents are increased in diameter from
a crimped state (D4) to an expanded state (D,). For a
device having a 30 mm expanded diameter (i.e., an en-
doprosthesis sized for treatment of an abdominal aortic
aneurism), the plotted points can be curve fit to the fol-
lowing equation:
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diameter(0)* &

2
16 )

Gap(y) = \/34.7 —(

where the Gap(y) is the gap length between the lower
apexes of the supra renal and upper apexes of the upper
sealing stent, and the diameter(Q) is the diameter of such
respective stents.

[0033] By decreasing the minimum sealing length, the
outward force of the metal stent material of the supra
renal and sealing stents 120, 122, 124 is maximized in
the region most subject to leakage. In addition, the en-
doprosthesis of the invention has high flexibility given
that the tether 130 is free to move between the apexes
132, 134 of stents 120, 122. Such freedom of motion
allows the main body portion 112 of the endoprosthesis
110 to maintain flexibility across the minimum sealing
length 136.

[0034] Referring to Figs. 2 through 4, 6 and 7, accord-
ing to another aspect of the invention, and as previously
mentioned, additional graft material is heat setinto a pleat
140 at the top of the graft 118. The lower apex 132 of the
supra renal stent 120 is stitched to an inner fold material
144 of the pleat 140, whereas the upper apex 134 of the
upper sealing stent 122 is stitched to an outer fold ma-
terial 148 of the pleat. As such, pleat material 150 is in-
terposed between the respective lowerand upper apexes
132, 134 of the supra renal and upper sealing stent 120,
122. The tether 130 is thread in and out of this pleat 140
as it is extends through the apexes of the supra renal
and upper sealing stents. When the endoprosthesis 110
is crimped, the pleat 140 is preferably at least partially
unfolded to accommodate stent separation. After expan-
sion of the endoprosthesis, the heat set of the pleat 140
results in at least partial automatic re-gathering of the
material into the pleat. The additional graft material at
the pleat 140 provides multiple layers of graft material to
increase bulk of the graft material at the location thereof
and tissue contact thereat. This increased thickness of
graft material provides better sealing at a critical location,
and such double layer of graft material at the pleat 140
is contacted against the body tissue without any gap (or
any significant gap) between the supra renal and upper
sealing stents 120, 122.

[0035] According to another aspect of the invention,
after implantation, the loading on the supra renal and
sealing stents 120, 122 is shared between the tether 130
and the stitches 119 that couple the stents to the graft
material 118. Such stitches 119 are preferably at or ad-
jacent the apexes of the stents and/or along the struts of
the stent. Initially substantially all the downward force of
blood flow through the endoprosthesis (particularly as
the endoprosthesis narrows into the legs 114, 116) is
carried by the tether 130 rather than on the stitches that
operate to attach the graft material 118 to the stents 120,
122. Upon being subject to such force, the tether is ten-
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sioned and loaded incrementally. If the tether s fully load-
ed, the pleat 140 in the graft material 118 then absorbs
force and may partially unfold. Only thereafter is the
stitching 119 supporting the graft material 118 to the
stents 120, 122 loaded and subject to force.

[0036] The endoprosthesis of the invention has high
flexibility because the tether is free to move between the
apexes of the stents. Such freedom of motion allows the
main body portion of the endoprosthesis to main flexibility
across the minimum sealing length.

[0037] There have been described and illustrated
herein embodiments of an endoluminal prosthesis, par-
ticularly suitable for an AAA device. However, it is not
intended that the invention be limited thereto. Thus, the
tether and pleat may be used on endoluminal prostheses
having no branches and/or intended for other purposes.
In addition, while shape memory alloys, and preferably
Nitinol have been disclosed as preferred materials for
use in practicing the invention, it will be understood that
other shape memory alloys and other shape set materials
including biocompatible plastics may be used as well.
Also, while the preferred graft material is the synthetic
material polyethylene terephthalate, other graft materials
including synthetic and natural materials can be used.

Claims
1. An endoluminal device, comprising:

a) afirst stentincluding afirst plurality of apexes;
b) a discrete second stent including a second
plurality of apexes;

c) atether extending through and freely movably
relative to said first and second plurality of apex-
es,

wherein when said first and second stents are
crimped to a first diameter, slack in said tether per-
mits the first and second stents to be longitudinally
displaced to provide a gap therebetween, and
wherein when said first and second stents are ex-
panded to a second diameter, said tether draws said
first and second stents together to reduce or elimi-
nate said gap.

2. A device according to claim 1, further comprising:

tubular graft material, wherein said second stent
is coupled to said graft material.

3. A device according to claim 2, wherein:

said graft material is provided external said sec-
ond stent.

4. A device according to claim 2, wherein:
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10.

1.

said first plurality of apexes of said first stent are
coupled to said graft material and said first stent
longitudinally extends out of said graft material.

A device according to claim 4, wherein:

said first stent includes anchors for anchoring
said device to body tissue.

A device according to claim 5, further comprising:
two tubular leg portions,

wherein said graft material includes first and second
ends, said first stent coupled to said first end of said
graft material and said two leg portions coupled to
said second end of said graft material so that said
device has a Y-configuration.

A device according to claim 2, wherein:

said graft material defines a pleat at a junction
of said first and second stents.

A device according to claim 2, wherein:

said first and second plurality of apexes are cou-
pled to an interior surface of said graft material.

A device according to claim 1, wherein:

said first plurality of apexes are arranged about
points on a first circle, and said second plurality
of apexes are arranged about points on a sec-
ond circle.

An endoluminal prosthesis, comprising:

a) a tubular graft comprising a graft material,
said graft material including a pleat defining an
inner fold material, an outer fold material, and
an interposed material between said inner and
outer fold materials, said pleat increasing the
thickness of said graft material at the location of
said pleat;

b) afirst stentincluding a first plurality of apexes
in contact with said inner fold material; and

¢) a second stent including a second plurality of
apexes in contact with said outer fold material,

wherein said pleat can be at least partially unfolded
to accommodate stent separation.

An endoluminal prosthesis according to claim 10,
wherein:

said pleat is heat set into said graft material.



12,

13.

14.

15.

16.

17.

18.

11 EP 1 886 645 A2

An endoluminal prosthesis according to claim 10,
wherein:

said pleat is at an end of said tubular graft.

An endoluminal prosthesis according to claim 10,
wherein:

said second stent is coupled to an interior sur-
face of said tubular graft.

An endoluminal prosthesis according to claim 10,
wherein:

a portion of said first stent is coupled to an inte-
rior surface of said tubular graft.

An endoluminal prosthesis according to claim 10,
further comprising:

a tether extending through and freely movably
relative to said first and second plurality of apex-
es,

wherein when said first and second stents are
crimped to afirstdiameter slack in said tether permits
the first and second stents to be longitudinally dis-
placed to provide a gap therebetween and wherein
when said first and second stents are expanded to
a second diameter said tether draws said first and
second stents together to reduce or eliminate said

gap.

An endoluminal prosthesis according to claim 15,
wherein:

said first stent is coupled to said tubular graft at
attachment sites and when said prosthesis is
loaded by the flow of blood therethrough, the
loading on said first stent is shared between said
tether and said attachment sites.

An endoluminal prosthesis according to claim 16,
wherein:

said attachment sites are loaded only after said
pleat has been longitudinally loaded.

An endoluminal prosthesis according to claim 10,
further comprising:

two tubular leg portions,

wherein said tubular graft includes first and second
ends, with said first stent coupled to said first end
and said two leg portions coupled to said second end
so that said prosthesis assumes a Y-configuration.
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19.

20.

21.

12
An endoluminal prosthesis, comprising:

a) a tubular graft main body comprising a graft
material including inner and outer surfaces and
first and second ends;

b) a first stent coupled at said inner surface of
said graft material at said first end and extending
out thereof;

c) a second stent coupled at said inner surface
of said graft material and extending completely
therewithin; and

d) two tubular leg portions extending from said
second end of said main body such that said
prosthesis assumes a Y-configuration,

wherein said graft material is multiple layers thick at
a junction of said first and second stents when said
main body portion is in an expanded state.

An endoluminal prosthesis according to claim 19,
wherein:

at said junction, said graft material is folded back
on itselflengthwise to be three layers thick when
said main body portion is in an expanded state.

An endoluminal prosthesis according to claim 19,
further comprising:

a tether, wherein:

said first and second stents include respec-
tive sets of apexes which are nearest each
other and said tether extends through and
is freely movable within said apexes.
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