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(57) ABSTRACT

An endoluminal device for deployment in a body lumen
includes a radially expandable stent, a graft attached to the
stent, and a plurality of indicator members affixed to the
graft and adapted to form a normal pattern in response to a
normal pressure differential and an abnormal pattern in
response to an abnormal pressure differential across the
graft. By forming different patterns at different pressure
differentials, the indicator members enable the detection of
a change in pressure which could be evidence of a leak. A
system for detecting a change in pressure differential
includes the endoluminal device and an imaging system for
displaying the indicator members. A method for detecting a
change in pressure includes the steps of identifying the
normal pattern, implanting the device, imaging the indicator
members, and comparing the imaged pattern with the nor-
mal pattern to determine whether the normal pressure or an
abnormal pressure differential exists.
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ENDOLUMINAL DEVICE AND SYSTEM AND
METHOD FOR DETECTING A CHANGE IN
PRESSURE DIFFERENTIAL ACROSS AN
ENDOLUMINAL DEVICE

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This is a Continuation Application of allowed U.S.
patent application Ser. No. 10/143,434 filed on May 10,
2002.

TECHNICAL FIELD

[0002] This invention relates generally to endoluminal
devices and, more specifically, to the detection of changes in
pressure differential across such devices and the detection of
leaks after implantation of such devices.

BACKGROUND OF THE INVENTION

[0003] An endoluminal device or prosthesis typically
includes a stent and a fabric layer, or graft, supported by the
stent. A stent is an elongated device which serves to affix the
prosthesis in place by providing a radial force against a
lumen wall, in addition to supporting the graft. The graft is
typically made of a fabric or textile which has a low
permeability with respect to the fluid, such as blood, flowing
within the prosthesis. The graft may be fully supported by
the stent along the entire length of the graft. Alternatively,
the graft may have regions which are not directly supported
by a stent or stent portion. The graft may be disposed
radially outside or inside of the stent.

[0004] A prosthesis may be used to treat a vascular aneu-
rysm by removing the pressure on a weakened part of an
artery so as to reduce the risk of rupture. Typically, a
prosthesis is implanted in a blood vessel at the site of an
aneurysm endoluminally (i.e., by so-called “minimally inva-
sive techniques”) in which the prosthesis, restrained in a
radially compressed configuration by a sheath or catheter, is
delivered by a deployment system or “introducer” to the site
where it is required. The introducer may enter the body
through the patient’s skin, or by a “cut down” technique in
which the entry blood vessel is exposed by minor surgical
means. When the introducer has been threaded into the body
lumen to the prosthesis deployment location, the introducer
is manipulated to cause the prosthesis to be ejected from the
surrounding sheath or catheter in which it is restrained (or
alternatively the surrounding sheath or catheter is retracted
from the prosthesis), whereupon the prosthesis expands to a
predetermined diameter at the deployment location, and the
introducer is withdrawn. Stent expansion may be effected by
spring elasticity, by balloon expansion, or by the self-
expansion of a thermally or stress-induced return of a
memory material to a pre-conditioned expanded configura-
tion. Various types of stent architectures are known in the
art, including many designs comprising a filament or num-
ber of filaments, such as a wire or wires, wound or braided
into a particular configuration.

[0005] One common application for the implantation of
prostheses is for treatment of abdominal aortic aneurysms
(AAA). Such prostheses are typically placed into the aorta
and iliac bifurcation with a covering to isolate the aneurysm
from the blood. After the aneurysm has been isolated for
some time, endoleaks may occur due to worn fabric or other
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reasons. For example, “type I endoleaks™ are leaks occurring
at the junction of the lumen wall and the most distal end of
the prosthesis (i.e., furthest from the access point). Because
the isolated aneurysm may become weak as a result of being
isolated, once the leak starts, blood flow and pressure is
slowly restored to the aneurysm, and the aneurysm may
rupture. Currently, leaks are detected during follow-up
angiograms and MRIs, but if the follow up visit does not
coincide with the duration of time within which the leak
must be treated, the undetected endoleak may result in a
ruptured aneurysm that can be fatal to the patient.

[0006] Thus, prostheses placed into the vasculature divide
the region of placement into a space that provides for the
flow of blood and a space where blood flow is excluded. The
prosthesis, therefore, is subjected to systolic blood pressure
on the side exposed to blood flow (typically the inside
surface of a prosthesis) and to some different pressure on the
other side. In the treatment of aneurysms by use of a
prosthesis, the elimination of growth of the aneurysm sac
depends upon the device reducing the pressure on the
outside of the prosthesis relative to the pressure on the inside
of the prosthesis. It is desirable to monitor this pressure
differential to determine if the device has remained effective
during its implantation period as a way of checking whether
leaks have occurred.

[0007] Present attempts to measure pressures within aneu-
rysms require the use of invasive procedures where trans-
ducers are introduced via catheters. The pressure measure-
ment is taken relative to atmospheric pressure, so that the
precision of the measurement is compromised by the need to
operate over a range of absolute pressure from atmospheric
up to systole. Thus, there is a need to aid in determining
whether any leaks have occurred in a more precise and
non-invasive manner.

SUMMARY OF THE INVENTION

[0008] According to an embodiment of the present inven-
tion, an endoluminal device for deployment in a body lumen
comprises a radially expandable stent, a graft attached to the
stent, and a plurality of indicator members affixed to the
graft. The graft defines a radially interior space having an
internal pressure and radially exterior space having an
external pressure. The indicator members are adapted to
form a normal pattern in response to a normal pressure
differenial between the internal pressure and the external
pressure and an abnormal pattern in response to an abnormal
pressure differential between the internal pressure and the
external pressure.

[0009] According to another embodiment of the present
invention, a system for detecting a change in pressure
differential across an implanted endoluminal device includes
a plurality of indicator members and imaging means for
displaying the plurality of indicator members. The device
includes a radially expandable stent and a graft attached to
the stent. The indicator members are aflixed to the graft and
are adapted to form a normal pattern in response to a normal
pressure differential between the internal pressure and the
external pressures, and an abnormal pattern in response to an
abnormal pressure differential between the pressure and the
external pressure.

[0010] According to another embodiment of the invention,
a method for detecting a change in pressure differential
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across the device comprises the steps of: identifying a
normal patter of a plurality of indicator members affixed to
a graft of a device; implanting the device in the body lumen;
imaging the plurality of indicator members to display an
image pattern on the implanted device; and comparing the
imaged pattern with the normal pattern to determine whether
the normal pressure differential or the abnormal pressure
differential exists.

BRIEF DESCRIPTION OF DRAWINGS

[0011] The invention is best understood from the follow-
ing detailed description when read in connection with the
accompanying drawing. It is emphasized that, according to
common practice, the various features of the drawing are not
to scale. On the contrary, the dimensions of the various
features are arbitrarily expanded or reduced for clarity.
Included in the drawing are the following figures:

[0012] FIG. 1 is a longitudinal cross-sectional illustration
of an aneurysm in a lumen and an exemplary endoluminal
device of the present invention implanted therein and an
exemplary system of the present invention for detecting a
change in pressure differential across the implanted device;

[0013] FIGS. 2A, 2B, and 2C are enlarged portions of
embodiments of the endoluminal device according to the
present invention, as viewed from the direction of arrow A,
as shown in FIG. 1;

[0014] FIGS. 3A and 3B are enlarged portions of other
embodiments of the endoluminal device according to the
present invention, as viewed from the direction of arrow A,
as shown in FIG. 1; and

[0015] FIG. 4 is a flowchart showing the steps of the
method for detecting a change in pressure differential across
an endoluminal device according to the present invention.

DETAILED DESCRIPTION OF INVENTION

[0016] The invention will next be illustrated with refer-
ence to the figures wherein similar numbers indicate the
same elements in all figures. Such figures are intended to be
illustrative rather than limiting and are included herewith to
facilitate the explanation of the apparatus of the present
invention.

[0017] FIG. 1 shows a partial cross-section of an endolu-
minal device 20 according to the present invention. Endolu-
minal device 20 can be implanted in a body lumen 100 in an
area of an aneurysm 102. As shown, body lumen 100 is the
aorta which branches into iliac arteries 101a and 1015; thus,
in the embodiment shown in FIG. 1, endoluminal device 20
is a bifurcated endoluminal device, although the present
invention contemplates the use of other types of endolumi-
nal devices or prostheses in other body lumen.

[0018] The device includes a radially expandable stent 30,
a graft 40 attached to the stent, plurality of indicator mem-
bers 50 affixed to the graft. The configuration of the indi-
cators members in a few exemplary embodiments are
described in more detail below, in connection with FIGS.
2A-3B.

[0019] Radially expandable stent 30 may be any number
of types of stents as are well known in the art. Various types
of stents are known in the art, including many designs
comprising a wire or wires, wound or braided into a par-
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ticular configuration. Included among these stent configu-
rations are braided stents such as described in U.S. Pat. No.
4,655,771 to Hans 1. Wallsten, incorporated herein by ref-
erence. Another type of stent which may be used in con-
nection with the present invention is that described in U.S.
Pat. No. 5,609,627 to Goicoechea et al., also incorporated
herein by reference. The stent used in connection with the
present invention may have different configurations along its
length, such as having a portion which is braided and
another portion which is wound. The present invention could
also be used with other types of stents, such as a laser cut
stent. The stent may be balloon-expandable or self-expand-
able.

[0020] Intheabove stent configurations, the stent typically
is made up of at least one metal wire 55, as shown in FIGS.
2A-2C. For reference, FIGS. 2A-2C are an enlarged portion
of stent 30, graft 40, and indicator members 50. The view in
FIGS. 2A-2C is from arrow A, as shown in FIG. 1, but could
be any view taken from the outer circumference of device 20
looking radially inward towards the device. As shown best
in FIGS. 2A-2C, wire 55 of stent 50 defines a number of
openings 57. The openings are the portions of the graft 40
which are not directly engaged with wire 55. More specifi-
cally, stent 30 has a portion which defines a border of the
openings, with the border being a plurality of edges, 56a-
56d, as shown for example in FIG. 2A. In one embodiment
of the invention, the stent selected is adapted to provide a
plurality of openings, each having the same size regardless
of the value of the differential pressure across the device.
Such a stent could be, for example, a fairly rigid stent, such
as a laser cut tube or a balloon-expandable stent.

[0021] Graft 40 may be of a material suitable for use as
such grafts, as is well known in the art. Suitable graft
materials include, but are not limited to, polyethylene-
terepthalate (PET), polyetheretherketone (PEEK), polysul-
fone, polytetrafluroethylene (PTFE), expanded polytet-
rafluroethylene (ePTFE), fluorinated ethylene propylene
(FEP), polycarbonate urethane, a polyolefin (such as
polypropylene, polyethylene, or high density polyethylene
(HDPE)), silicone, and polyurethane. Yarns for braided
grafts may comprise monofilaments or multifilament yarns,
either with round or non-round cross-section, and multifila-
ment yarns may comprise twisted or untwisted filaments.
Thus, grafts may be of a non-woven material, such as PTFE,
or could be of a woven, textile structure.

[0022] Graft 40 may be attached to stent 30 in a known
way, for example by staples, suturing, or an adhesive, to
name a few. Preferably, graft 40 is attached to stent 30 such
that a predetermined configuration appears in the openings
57, as will be discussed in more detail below. One way of
doing so is by attaching graft 40 to stent 30 at each junction
59 (as shown in FIGS. 2B and 2C) formed by the intersec-
tion of two edges. such as edges 56a and 565 or edges 565
and 56¢. This method of attachment ensures that any pattern
formed within opening 57 is properly spaced relative to the
junctions 59 and the edges 56a-564. Such attachment can be
accomplished by staples or an adhesive at junctions 59.
Alternatively, graft 40 may be attached to stent 30 by
affixing the graft to the stent along the entire lengths of edges
56a-564. This may be done most easily by using an adhe-
sive. As shown in FIG. 1, graft 40 may be disposed radially
outside of stent 30, but the graft may also be disposed
radially within the stent. In either event, graft 40 defines a
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radially interior space 42 having an internal pressure and a
radially exterior space 44 having an external pressure, as
shown in FIG. 1. In the embodiment shown in FIG. 1,
radially interior space 42 includes a flowpath for blood,
while radially exterior space 44 is the aneurysm sac, which
preferably should be isolated from the radially interior space
by graft 40.

[0023] Theendoluminal device 20 of the present invention
also includes a plurality of indicator members 50 affixed to
graft 40. As used herein, the term “affixed” shall mean
attached in any way such as made integral with or appended
to after individual assembly. As will be discussed in more
detail below, for example in connection with FIGS. 2A-3B
the plurality of indicator members 50 are adapted to form a
normal pattern in response to a normal pressure differential
between the internal pressure and the external pressure and
an abnormal pattern in response to an abnormal pressure
differential between the internal pressure and the external
pressure.

[0024] As shown in FIGS. 2A-3B, the plurality of indica-
tor members 50 are disposed at regions in graft 40 corre-
sponding to at least one of the openings 57 of stent 30. In a
first embodiment, the normal pattern formed by indicator
members 50 is a plurality of lines disposed within opening
57 and parallel to each other and to a first of the edges 564,
as shown, for example, in FIG. 2A. More specifically, this
normal pattern includes three lines which are parallel to
edges 56a and 56¢, as well as three lines parallel to edges
565 and 56d. This pattern is made up of a central line and
two outer lines, but other patterns could be used, such as
patterns having more than one central line and more than
two outer lines. The “normal pressure differential” referred
to would be the pressure differential between systolic blood
pressure occurring at radially interior space 42 and the
pressure of the aneurysm sac at radially exterior space 44 in
the absence of any leaks across the endoluminal device.
These pressures can be easily determined by measurement,
although this pressure differential will differ among patients.
Accordingly, the lines can be affixed to graft 40 by forming,
at no pressure differential across the graft, the central line
substantially straight and the outer lines as curves bending
towards the center of the first opening, as is shown in FIG.
2C. The degree of curvature necessary to achieve substan-
tially straight lines when exposed to the normal pressure
differential can be easily determined based on the resiliency
of the graft material and the normal pressure differential.

[0025] According to another embodiment of the present
invention, the indicator members 50 are affixed to the graft
40 by forming, at no pressure differential across the graft, a
central line and two substantially straight lines parallel to
each other and to an edge 56a, as shown in FIG. 2A. Once
exposed to the normal pressure differential, the plurality of
indicator members 50 should assume a normal pattern
which, in this embodiment, is shown in FIG. 2B. Thus, the
normal pattern according to this embodiment is a central line
disposed within opening 57 and paralle]l to a first of the
edges. such as edge 56a and two outer curves bending
outwards from the center of the opening 57. In order to
confirm that the normal pattern is achieved in this embodi-
ment, a physician or medical technician can use a series of
tracers with increasing degrees of curvature of the outer
lines. In this way, the degree of curvature actually occurring
in the patient can be compared with a number of calibrated
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indicator member tracers which correspond to various pres-
sure differentials. Thus, once the tracer is found which most
closely corresponds to the pattern which is actually being
viewed, then the physician or medical technician can iden-
tify the actual pressure differential across the endoluminal
device. Although this embodiment has the advantage that is
easier to make the indicator member (merely as a straight
line), it is somewhat more difficult to use in that a physician
cannot just as easily detect “straight lines” to show a normal
pattern, as in the first embodiment discussed above.

[0026] FIGS. 3A and 3B show an alternative embodiment
of indicator members 50. In particular, as shown in FIG. 3B,
the indicator members are dots 60. The indicator members
are adapted to be positioned at regularly spaced intervals at
the normal pressure differential in the normal pattern, as
shown in FIG. 3B. This configuration is achieved by form-
ing, at no pressure differential across graft 40, the indicator
members as dots 60 in the configuration as shown in FIG.
3A. More specifically, the dots closer to junctions 59 are
closer to the edges of the stent while the dots at the
midpoints of each edge are closer to the center of the
opening 57. As before, the degree to which the dots need to
be moved depends on the normal pressure differential of the
patient, which is a function of the patient’s systolic blood
pressure, as well as the degree of elasticity of the material of
the graft.

[0027] The material used for the indicator members may
be any known material which can be detected by use of an
imaging device. For example, the indicator members may be
a radiopaque material which is visualized by using an x-ray.
Such radiopaque materials are well known, as described in
U.S. patent application Ser. No. 09/896,864, entitled
“ENDOLUMINAL DEVICE AND MONITORING SYS-
TEM FOR DETECTING ENDOLEAKS AND/OR
CHANGES IN PROSTHESIS MORPHOLOGY,” incorpo-
rated herein by reference. Any regular pattern can be appro-
priate in this invention. Moreover, the affixation of such
indicator members to a graft are also well-known. For
example, if a woven material is used as the graft material,
one every tenth or fifteenth yarn may be a radiopaque
material to form one of the patterns described above. In a
device that uses a non-woven material as the graft material,
such as ePTFE, the indicator members or markers can be
attached to the covering by attaching metallic clips in a
regular pattern onto the covering. It is also possible to mix
into the ePTFE granules of metallic material.

[0028] The present invention also includes a system for
detecting a change in pressure differential across an
implanted endoluminal device between an internal pressure
at a radially interior space and an external pressure at a
radially exterior space. According to this system, the endolu-
minal device includes a radially expandable stent 30 and a
graft 40 attached to the stent as well as a plurality of
indicator members 50, as discussed above. The complete
system is also shown in FIG. 1, which includes an imaging
device 70. Imaging device may be any known device which
can reveal a pattern of material formed in graft 40. For
example, imaging device 70 may be an x-ray device where
the material of the indicator members is a radiopaque
material. Imaging device 70 may also be a magnetic reso-
nance imaging device, an ultrasound device, or a CAT scan
device.
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[0029] A method of detecting a change in pressure differ-
ential across an endoluminal device between an internal
pressure at radially interior space 42 and external pressure at
radially exterior space 44 is also contemplated by the present
invention. As before, the endoluminal device 20 includes a
radially expandable stent 30, a graft 40 attached to the stent,
and a plurality of indicator members 50 affixed to the graft.
The indicator members 50 are adapted to form a normal
pattern in response to a normal pressure differential between
the internal pressure and the external pressure and an
abnormal pattern in response to an abnormal pressure dif-
ferential between the internal pressure and the external
pressure.

[0030] The method for detecting a change in pressure
differential is shown in FIG. 4. A first step 72 shown in FIG.
4 is to identify the normal pattern in response to the normal
pressure differential between the internal pressure and the
external pressure. As mentioned above, this contemplates
determining what the normal pressure is both internal to and
external to the graft. Typically, the normal pressure internal
to the graft is the systolic blood pressure. In this invention
, the systolic blood pressure is referred to as it is the highest
blood pressure and it would be easiest to determine the shape
of the indicator members at this highest blood pressure. This
identifying step can be done outside of the body lumen by
increasing the pressure inside of the graft until the proper
pressure differential is achieved. An array of different
endoluminal devices according to the present invention may
be selected from, each having different degrees of curvature
at no differential pressure across them such that one may be
selected to achieve a series of substantially straight lines
within each opening at the given pressure differential of the
subject patient.

[0031] Next, in step 74, the endoluminal device is
implanted in a body lumen. This can be done in a number
ways as are well known in the art. U.S. Pat. No. 5,609,672
to Goicoechea et al., incorporated herein by reference,
describes one such method of implantation. Preferably,
before the endoluminal device is implanted in step 74, the
normal pattern is recorded. This could be done manually or
by taking an image, such as a digital image, of the indicator
members at this normal pattern.

[0032] Next, the plurality of indicator members 50 are
imaged in step 76, thus displaying an imaged pattern on the
implanted endoluminal device. This is preferably done
immediately after implantation. It may also be done in
addition to, or alternatively to, immediately after implanta-
tion at some point in the future after implantation. The
imaging step is done in a known manner, such as by using
imaging means 70 as shown in FIG. 1. This could be as
simple as using an x-ray device. When using an imaging
device, it is important that the proper angle is used on the
patient. Preferably, this angle should be as close to perpen-
dicular to the central axis of the graft as is possible.

[0033] Instep 78, the imaged pattern is compared with the
normal pattern to determine whether the normal pressure
differential or an abnormal pressure differential exists. In the
treatment of aneurysms, the abnormal pressure differential is
typically too low because of a leak. More specifically,
because of a leak from the radially internal space 42 to the
aneurysm sack in the radially external space 44, the pressure
in the radially external space 44 increases. This causes a
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decrease in the pressure differential. Therefore, in an
embodiment where the normal pattern is a series of straight
lines, the pattern as actually viewed will be closer to that
shown in FIG. 2C, with some concavity in the outer lines
since the pressure differential is not as great as it should be.
This comparison can either be done by a physician or a
medical technician viewing the imaged pattern relative to
the normal pattern, or by a digital comparison using a
computer.

[0034] Although illustrated and described above with ref-
erence to certain specific embodiments, the present inven-
tion is nevertheless not intended to be limited to the details
shown. Rather, various modifications may be made in the
details within the scope and range of equivalents of the
claims and without departing from the spirit of the invention.

[0035] Forexample, a prosthesis or endoluminal device of
this invention may be any such prosthesis having at least one
indicator member aflixed to the graft that is adapted to be
remotely monitored to indicate a change in pressure. The
prosthesis may comprise any stent, graft, or stent-graft
architecture known in the art, and is not limited to the
exemplary designs shown herein. Although radiopaque
markers are preferred embodiments, the indicator member
may be any member capable of providing the desired result.
The invention is not limited to the particular methods of
analyzing information provided by the system discussed
herein. Finally, the device and system may have other useful
benefits beyond endoleak monitoring, and thus, the inven-
tion is not limited to any particular use.

What is claimed:
1. An endoluminal device for deployment in a body
lumen, the device comprising:

a radially expandable stent;

a graft attached to said stent, wherein said graft defines a
radially interior space having an internal pressure and
a radially exterior space having an external pressure;
and

at least one indicator member affixed to said graft and
adapted to form a first pattern having a first degree of
curvature in response to a first pressure differential
between the internal pressure and the external pressure
and a second pattern having a second degree of curva-
ture in response to a second pressure differential
between the internal pressure and the external pressure.

2. The endoluminal device according to claim 1, wherein
said stent comprises a metal wire defining a plurality of
openings and said at least one indicator member is posi-
tioned on said graft at regions corresponding to at least one
of said openings.

3. The endoluminal device according to claim 2, wherein
said stent has a portion defining a border of a first of said
openings and said border comprises a plurality of edges, and
said first pattern comprises a plurality of lines disposed
within said first opening and parallel to each other and to a
first of said edges.

4. The endoluminal device according to claim 3, wherein
said plurality of lines include at least one central line and at
least one outer line and said lines are affixed to said graft by
forming, at no pressure differential across said graft, said at
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least one central line substantially straight and said plurality
of outer lines as curves bending towards the center of said
first opening.

5. The endoluminal device according to claim 2, wherein
said stent has a portion defining a border of a first of said
openings and said border comprises a plurality of edges, and
said first pattern comprises at least one central line disposed
within said first opening and parallel to a first of said edges
and a plurality of outer curves bending outwards from the
center of said first opening.

6. The endoluminal device according to claim 5, wherein
said at least one indicator member is aflixed to said graft by
forming, at no pressure differential across said graft, said at
least one central line and said plurality of outer curves as
substantially straight lines parallel to each other and to said
first edge.

7. The endoluminal device according to claim 2, wherein
said at least one indicator member is a plurality of dots
adapted to be positioned at regularly spaced intervals at the
first pressure differential.

8. The endoluminal device according to claim 1, wherein
said stent has a portion defining a border of a first of said
openings and said border comprises a plurality of edges
intersecting at least one junction, and said graft is attached
to said stent at the at least one junction.

9. The endoluminal device according to claim 1, wherein
said stent has a portion defining a border of a first of said
openings and said border comprises a plurality of edges, and
said graft is attached to said stent along the length of said
edges.

10. The endoluminal device according to claim 9, wherein
said graft is disposed radially outside of said stent.

11. The endoluminal device according to claim 1, wherein
said stent is adapted to provide a plurality of openings, each
having the same size regardless of the value of the differ-
ential pressure across said device.

12. The endoluminal device according to claim 11,
wherein said stent is laser cut or filamentary.

13. The endoluminal device according to claim 1, wherein
said graft is disposed radially within said stent.

14. The endoluminal device according to claim 1, wherein
the device is adapted to be deployed to isolate an aneurysm
having an aneurysm sac and the at least one indicator
member is positioned on said graft at said aneurysm such
that the external pressure is sac pressure.

15. The endoluminal device according to claim 1, wherein
said at least one indicator member is made integral with said
graft.

16. The endoluminal device according to claim 1, wherein
said stent comprises a metal wire defining a plurality of
openings and said at least one indicator member is posi-
tioned on said graft at regions corresponding to at least one
of said openings, and wherein said stent has a portion
defining a border of a first of said openings and said border
comprises a plurality of edges, and said first pattern com-
prises a plurality of lines disposed within said first opening
and parallel to each other and to a first of said edges.

17. The endoluminal device according to claim 1, wherein
said first pattern is a normal pattern formed in response to a
normal pressure differential between the internal pressure
and the external pressure and said second pattern is an

May 17, 2007

abnormal pattern formed in response to an abnormal pres-
sure differential between the internal pressure and the exter-
nal pressure.

18. A system for detecting a change in pressure differen-
tial across an implanted endoluminal device between an
internal pressure corresponding to systolic blood pressure at
aradially interior space and an external pressure correspond-
ing to the pressure of an aneurysm sac at a radially exterior
space, wherein said device comprises a radially expandable
stent and a graft attached to said stent, the system compris-
ing:

a plurality of indicator members affixed to said graft and
adapted to form a normal pattern in response to a
normal pressure differential between the internal pres-
sure and the external pressure and an abnormal pattern
in response to an abnormal pressure differential
between the internal pressure and the external pressure
wherein the normal pressure differential is the pressure
differential between the radially interior space and the
radially exterior space in the absence of leaks across the
device; and

imaging means for displaying said plurality of indicator

members.

19. The system according to claim 18, wherein said
imaging means is selected from the group consisting of an
x-ray device, a magnetic resonance imaging device, an
ultrasound device, and a cat scan device.

20. A method for detecting a change in pressure differ-
ential across an endoluminal device between an internal
pressure corresponding to systolic blood pressure at a radi-
ally interior space and an external pressure corresponding to
the pressure of an aneurysm sac at a radially exterior space,
wherein said endoluminal device comprises a radially
expandable stent, a graft attached to said stent, and a
plurality of indicator members affixed to said graft and
adapted to form a normal pattern in response to a normal
pressure differential between the internal pressure and the
external pressure and an abnormal pattern in response to an
abnormal pressure differential between the internal pressure
and the external pressure, wherein the normal pressure
differential is the pressure differential between the radially
interior space and the radially exterior space in the absence
of leaks across the device, the method comprising;

identifying said normal pattern in response to said normal
pressure differential between the internal pressure and
the external pressure;

implanting said endoluminal device in a body lumen;

imaging said plurality of indicator members to display an
imaged pattern on said implanted endoluminal device;
and

comparing said imaged pattern with said normal pattern to
determine whether the normal pressure differential or
the abnormal pressure differential exists.
21. The method according to claim 20, further compris-
ing, before implanting said endoluminal device, recording
said normal pattern.
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