wo 2012/051532 A2 I 1 0FO 00 OO O A

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

ot VAP,
(19) World Intellectual Property Organization /g [} 1M1 AL A0 000D OO0 O
ernational Bureau V,& ‘ ) |
. . . ME' (10) International Publication Number
(43) International Publication Date \,!:,: #
19 April 2012 (19.04.2012) WO 2012/051532 A2
(51) International Patent Classification: IN 46635 (US). GOPALAKRISHNAMURTHY,
AG61F 2/06 (2006.01) Sharath [IN/IN]; 103/4 11th Cross, 11th Main, Mallesh-

waram, Bangalore (IN). HUSER, Matthew, S. [US/US];
2219 S. River Road, West Lafayette, IN 47906 (US).

(74) Agent: GODLEWSKI, Richard, J.; Gook Medical
Technololgies LLC, P.O. Box 2269, Bloomington, IN
47402-2269 (US).

(21) International Application Number:
PCT/US2011/056365

(22) International Filing Date:
14 October 2011 (14.10.2011)

(25) Filing Language: English (81) Designated States (unless otherwise indicated, for every

(26) Publication Language: English kind of national protection available). AE, AG, AL, AM,

L. AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ,

(30) Priority Data: CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM, DO,

12/904,452 14 October 2010 (14.10.2010) UsS DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,

(71) Applicant (for all designated States except US): COOK HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP,

MEDICAL TECHNOLOGIES LLC [US/US]; 750 N. KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD,

Daniels Way, Bloomington, IN 47404 (US). ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI,

NO, NZ, OM, PE, PG, PH, PL, PT, QA, RO, RS, RU,

(72) Inventors; and RW, SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ,

(75) Inventors/Applicants (for US only): CHUTER, Timo- TM, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA,
thy, A., M. [GB/US]; 875 Castro Street, San Francisco, M, ZW.

CA 94114 (US). BROCKER, David [US/US]; 5020 ) o

Westwood Drive, Carmel, IN 46033 (US). DIERKING, 84) D.e51gnated. States (unle.ss othemzse indicated, for every
William, K. [US/US]; 6108 Baylor Court, Louisville, KY kind of regional protection available): ARIPO (BW, GH,
20222 (US). LEEWOOD, Alan, R. [US/US]; 30 Ever- GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ,
green Court, Lafayette, IN 47905 (US). ROEDER, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, MD,
Blayne, A. [US/US]; 411 Kittiwake Court, Lafayette, IL RU, TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ,
47909 (US). CHARLEBOIS, Steven, J. [US/US]; 1530 ETE ]LDIIf LE\IIE I\]j[SC IEIKF RMgB&SRﬁgRﬁF%TIEﬁ(I)S}g’
Rosco Drive, West Lafayette, IN 47906 (US). SWIFT, > > > > > > > T >
Richard, A. [US/US]; 52428 Tallyho Drive, South Bend,

[Continued on next page]

(54) Title: STENT-GRAFT SYSTEMS

(57) Abstract: Various stents and stent-gratt systems for treatment of medical conditions are disclosed. In one embodiment, an ex-
emplary stent-graft system may be used for endovascular treatment of a thoracic aortic aneurysm. The stent-graft system may com-
prise proximal and distal components, each comprising a graft having proximal and distal ends, where upon deployment the proxi-
mal and distal components at least partially overlap with one another to provide a fluid passageway therebetween. The proximal
component may comprise a proximal stent having a plurality of proximal and distal apices connected by a plurality of generally
straight portions, where a radius of curvature of at least one of the proximal apices may be greater than the radius of curvature of
at least one of the distal apices. The distal component may comprise a proximal z-stent coupled to the graft, where the proximal
end of the graft comprises at least scallop formed therein that generally follows the shape of the proximal z-stent. Further, the dis-
tal component may comprise at least one z-stent stent coupled to the distal end of the graft and extending distally therefrom that
reduces proximal migration of the distal component.



WO 2012/051532 A2 I 0000 Y 00 OO A

SE, SI, SK, SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, __
GA, GN, GQ, GW, ML, MR, NE, SN, TD, TG).

as to the applicant's entitlement to claim the priority of
the earlier application (Rule 4.17(iii))

Published:
— as to applicant'’s entitlement to apply for and be granted
a patent (Rule 4.17(i1))

Declarations under Rule 4.17:

without international search report and to be republished
upon receipt of that report (Rule 48.2(g))



WO 2012/051532 PCT/US2011/056365

-1 -

STENT-GRAFT SYSTEMS

Description
Technical Field

[0001] The present invention relates generally to stents for use in body vessels to treat
medical conditions. In particular, this invention relates to an asymmetric stent having
opposing sets of curved apices, where the curved section of one set of apices has a
radius of curvature that is greater than the curved section of the other set of apices,
and may present a lower profile, better compliance with irregular vascular geometry,
and higher sealing forces than conventional stents.

Background Art

[0002] Stents may be inserted into an anatomical vessel or duct for various purposes.
Stents may maintain or restore patency in a formerly blocked or constricted
passageway, for example, following a balloon angioplasty procedure. Other stents
may be used for different procedures, for example, stents placed in or about a graft
have been used to hold the graft in an open configuration to treat an aneurysm.
Additionally, stents coupled to one or both ends of a graft may extend proximally or
distally away from the graft to engage a healthy portion of a vessel wall away from a
diseased portion of an aneurysm to provide endovascular graft fixation.

[0003] Stents may be either self-expanding or balloon-expandable, or they can have
characteristics of both types of stents. Various existing self-expanding and balloon-
expandable stent designs and configurations comprise generally symmetrical end
regions including one or more apices formed of nitinol or another alloy wire formed
into a ring. The apices commonly comprise relatively acute bends or present
somewhat pointed surfaces, which may facilitate compression of the stent to a
relatively small delivery profile due to the tight bend of the apices. Although having
this advantage, in some situations, such relatively acute or pointed apices may be
undesirable, in particular in vessel anatomies that are curved or tortuous such as, for
example, the thoracic aorta.

[0004] The thoracic aorta presents a challenging anatomy for stent grafts used to treat
thoracic aneurysms or dissections. The thoracic aorta comprises a curve known as

the aortic arch, which extends between the ascending thoracic aorta (closet to the
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heart) and the descending thoracic aorta (which extends toward the abdominal aorta).
Thoracic stent grafts are used to exclude thoracic aortic aneurysms. A stent graft's
ability to conform to the tortuous anatomy of the aortic arch is a major concern.
Current designs sometimes lack the desired sealing ability at the proximal end of the
stent graft (closest to the heart). Also, current thoracic devices present a relatively
large profile which, with some patients’ anatomies may be problematic. Finally, many
current stents have relatively acute points that may prevent them from being used in
the aortic arch for fear of undesirable interaction with the artery wall after an extended
amount of time in the patient.

[0005] Therefore, a generally nonsymmetrical stent having at least one relatively
rounded apex that is less invasive in an expanded state than stents with more acute
apices may alleviate the above problems, while providing an improved compliance to
the aortic arch and increased radial force if used as a sealing and/or alignment stent,
as well as a desirable ability to be crimped to a readily introducible diameter.

[0006]As one particular example, type-A thoracic aortic dissection (TAD-A) is a
condition in which the intimal layer of the ascending thoracic aorta develops a tear,
allowing blood to flow into the layers of the aortic wall, causing the development of a
medial or subintimal hematoma. TAD-A is associated with a strikingly high mortality
rate (about one-fourth to one-half of victims die within the first 24-48 hours). The only
current treatment for TAD-A is open surgery, where the chest is opened, the aorta is
clamped, and a vascular prosthesis is sewn in place. Operative mortality rate for this
procedure may be around 10%. Endovascular treatment of TAD-B (which affects the
descending thoracic aorta) has been effective in reducing short-term and longer term
mortality. Therefore, it is desirable to provide an endovascular device configured to
address the anatomic challenges of the thoracic aorta.

Disclosure of The Invention

[0007] Various stents and stent-graft systems for treatment of medical conditions are
disclosed. In one embodiment, an exemplary stent-graft system may be used for
endovascular treatment of a thoracic aortic aneurysm.

[0008] The stent-graft system may comprise proximal and distal components, each
comprising a graft having proximal and distal ends, where upon deployment the
proximal and distal components at least partially overlap with one another to provide a
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fluid passageway therebetween. The proximal component may comprise a proximal
stent having a plurality of proximal and distal apices connected by a plurality of
generally straight portions, where a radius of curvature of at least one of the proximal
apices may be greater than the radius of curvature of at least one of the distal apices.
[0009] The distal component may comprise a proximal z-stent coupled to the graft,
where the proximal end of the graft comprises at least scallop formed therein that
generally follows the shape of the proximal z-stent. Further, the distal component may
comprise at least one z-stent coupled to the distal end of the graft and extending
distally therefrom that reduces proximal migration of the distal component.

[0010] Advantageously, when the stent graft system is deployed, the proximal stent of
the proximal component will maximize the efficacy of the proximal seal while reducing
atraumatic contact with an artery wall, and further preventing distal migration of the
proximal end of the proximal component. Further, the at least one scallop may
advantageously reduce the potential for graft infolding, thereby reducing or eliminating
the likelihood of impeded blood flow and/or endoleaks around the distal component.
[0011] Other systems, methods, features and advantages of the invention will be, or
will become, apparent to one with skill in the art upon examination of the following
figures and detailed description. It is intended that all such additional systems,
methods, features and advantages be within the scope of the invention, and be

encompassed by the following claims.

Brief Description of the Drawings

[0012] The invention can be better understood with reference to the following drawings
and description. The components in the figures are not necessarily to scale,
emphasis instead being placed upon illustrating the principles of the invention.
Moreover, in the figures, like referenced numerals designate corresponding parts
throughout the different views.

[0013]FIGS. 1-3 show different views of a symmetrical stent;

[0014] FIG. 4 depicts an example of an asymmetric stent;

[0015] FIG. 5 diagrammatically illustrates the asymmetrical radii of curvature of the
stent of FIG. 4,

[0016]FIG. 6 shows the stent of FIG. 4 in a simulated artery;
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[0017]FIG. 7 depicts another example of an asymmetric stent;

[0018] FIG. 8 diagrammatically illustrates the asymmetrical radii of curvature of yet
another example of a stent;

[0019] FIG. 9 shows the stent of FIG. 8 in a simulated artery;

[0020] FIG. 10 shows an end view of still another example of an asymmetric stent;
[0021]FIG. 11 shows a side view of the stent of FIG. 10;

[0022]FIG. 12 is a top perspective view of the stent of FIG. 10;

[0023]FIG. 13 shows the stent of FIG. 10 in a simulated artery;

[0024]FIG. 14 is a partial perspective of a stent-graft incorporating the stent of
FIG. 10;

[0025]FIG. 15 illustrates a side view of the stent-graft of FIG. 14;

[0026]FIGS. 16-18 show a stent-graft with side branches; and

[0027]FIG. 19 is a side view of a stent-graft device configured for endovascular
treatment of a thoracic aorta dissection.

[0028]FIG. 20 is a side view of a stent-graft configured for endovascular treatment of
a thoracic aortic aneurysm.

Detailed Description of the Preferred Embodiments

[0029] The present invention relates generally to stents for use in body vessels to treat
medical conditions. In particular, this invention relates to a novel asymmetric stent
having opposing sets of curved apices, where the curved section of one set of apices
has a radius of curvature that is greater than the curved section of the other set of
apices, and may present a lower profile than conventional stents. The lower profile
may present advantages for use in patients with particularly tortuous or small-diameter
vessels.

[0030] In the present application, the term “proximal” refers to a direction that is
generally closest to the heart during a medical procedure, while the term “distal” refers
to a direction that is furthest from the heart during a medical procedure. Reference
throughout is made to proximal and distal apices, but those of skill in the art will
appreciate that the proximal-distal orientation of stents of the present invention may be
reversed without exceeding the scope of the present invention.

[0031] As shown in Figures 4-15, this novel stent is not symmetrical like many

commercially available stents, in that the radius of curvature of the opposing proximal
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and distal apices is different between the top and bottom of the stent. The stents may
be attached to either end of a stent graft to provide sealing and may be used internally
or externally to the graft material to provide support to the graft.

[0032] The asymmetric stent may be configured such that, when used with a graft, it
will provide a sufficiently strong radial force at the graft's end openings to hold the
graft material open against the artery wall. Also, the stent is intended to be short in
length so that the graft will include flexibility sufficient to accommodate a patient's
anatomy. This combination of flexibility and strong radial force provides an improved
seal between the graft and artery wall. In addition, enhanced flexibility is provided as
well, particularly when one or more stents are used to provide short segments and
better accommodate curves.

[0033] FIG. 1 shows a conventional stent 100, which has symmetrical apices 102, 103.
Specifically, the proximal apices 102 and the distal apices 103 all have generally the
same radii of curvature ('), which is illustrated in graphic form in FIG. 2. FIG. 3 is
adapted from an FEA contour simulation and shows the stent 100 in a simulated
artery 110, where the stent 100 is 20% oversized. The proximal and distal apices 102,
103 (circled) exert little or no pressure against the artery wall 110, while an
intermediate region 107 exerts a higher pressure to provide — in one example — a total
radial sealing force of 0.178 Ibf. This configuration may be crimped to 18 Fr (e.g., for
introduction via a catheter), with a maximum bend strain in the apices 102, 103 of
about 5.8%. When using, for example, a typical NiTi wire for the stent, it is desirable
not to exceed 10-12% strain to avoid increased risk of deforming the wire or adversely
affecting its durability.

[0034] FIGS. 4-7 show a first example of a non-symmetrical stent 200, which is formed
as a wire ring that has non-symmetrical proximal and distal generally curved apex
portions (apices) 202, 203 separated from each other by intermediate generally
straight portions. Specifically, the distal apices 203 all have generally the same radii
of curvature (%) as each other, but the distal apices' radii of curvature are different
from those of the proximal apices 202 (). The distal apices 203 (which may be
attached to and generally covered by graft material in a stent graft as described below
with reference to FIGS. 14-15) are generally narrowly rounded in a manner not

dissimilar from a traditional z-stent, but the proximal apices 202 are more broadly
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rounded. The difference in the proximal and distal apices 202, 203 is illustrated in
graphic form in FIG. 5. In the illustrated example, the rounded proximal apices 202
have a radius of curvature of 6.0 mm, while the narrower distal apices 202 have a
radius of curvature of 1.0 mm. In certain examples of non-symmetrical stents of the
present invention, the radius of curvature of the rounded proximal apices (measured in
the manner shown in FIG. 5) may be from about 4 mm to about 9 mm, and the radius
of curvature of the narrower distal apices may be from about 0.5 mm to about 1.5 mm.
[0035] In these and other examples, the ratio of the proximal apices' radius of
curvature to the distal apices’ radius of curvature may be about 2.6:1 to about 18:1,
and desirably may be about 6:1. The outer circumference of the stent 200 preferably
is generally consistent such that, in this configuration, a solid outer face around the
stent 200 would form a cylinder, although the stent will most preferably provide
compliance with a surface less smooth than a cylinder.

[0036] FIG. 6 is adapted from an FEA contour simulation and shows the stent 200 in a
simulated artery 210, where the stent 200 is 20% oversized. The proximal and distal
apices 202, 203 (circled) exert little or no pressure against the artery wall 210, while
an intermediate region 204 (boxed) exerts a greater pressure to provide — in the
illustrated example — a total radial sealing force of about 0.160 Ibf. This configuration
may be crimped to 18 Fr, with a maximum bend strain in the apices 202, 203 of about
6.5%.

[0037]FIG. 7 shows another non-symmetrical stent embodiment 250 that is very
similar to the embodiment of FIGS. 4-6, but which has a shorter proximal-distal length.
Each of the examples shown in FIGS. 4-7 may be manufactured in substantially the
same manner as current z-stents, with a modification only of forming the proximal
apices to include a greater radius of curvature than the distal apices.

[0038] FIGS. 8-9 illustrate another example of a non-symmetrical stent 300, which has
a proximal "rounded roof shape" profile rather than the generally semicircular profile of
the examples described above with reference to FIGS. 4-7. The profile of each
proximal apex 302 includes a central fillet 302a and a pair of symmetrically opposed
shoulder fillets 302b that may be generally equidistant from the central fillet 302a, or
that may be disposed at varied distances therefrom. For the proximal apices of the
stent 300, the central fillets 302a each have a radius of curvature of 1.0 mm, and the
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shoulder fillets 302b each have a fillet radius of curvature of 0.5 mm. The distal
apices 304 have a radius of curvature of 1.0 mm. In another example having the
rounded roof shape configuration (not shown), the central and shoulder fillets of
proximal apices may each have the same radius of curvature such as, for example,
0.5 mm each, with distal apices also having a 0.5 mm radius of curvature. In other
examples, the central and shoulder fillets 302a, 302b may each have a radius of
curvature from about 0.5 mm to about 5 mm, and the distal apices may each have a
radius of curvature of about 0.5 mm to about 1.5 mm. In another example having the
rounded roof shape configuration (not shown), the ratio between the radii of curvature
of the central and each shoulder fillet of the proximal apices may be about 3:1. FIG. 8
also shows three spans useful for describing desirable proportions in stent
embodiments: "X" indicates the distance between the apical extremities of the
shoulder fillets 302b, "y" indicates the distance between the tips of the distal

apices 304, and "z" indicates the distance along a longitudinal axis between the tip of
the distal apices 304 and the apical extremity of the proximal fillet 302a. Desirable
embodiments may include an x:y ratio of about 1:3 to about 7:8 and a y:z ratio of
about 1:1 to about 3:1. In yet another example (not shown), the filleted apices of this
example may be combined with the generally semicircular apices of the example
described with reference to FIGS. 4-7.

[0039] FIG. 9 is adapted from an FEA contour simulation and shows the stent 300 in a
simulated artery 310, where the stent 300 is 20% oversized. The proximal and distal
apices 302, 304 exert little or no pressure against the artery wall 310, while an
intermediate region exerts a greater pressure to provide — in the illustrated example —
a total radial sealing force of about 0.420 Ibf. This configuration may be crimped to 18
Fr, with maximum bend strains in the apices that may be less than about 9% and
preferably are less than about 10-12%. The greater radial sealing force of this
example may provide advantages for stent placement and retention in certain
circumstances as compared to existing z-stents.

[0040]FIGS. 10-13 illustrate another example of a non-symmetrical stent 400, which
has an expanded "flower configuration" as shown in FIG 10. Specifically, when the
stent 400 is in an expanded configuration, the circumference around the proximal

more-rounded apices 402 is greater than the circumference around the distal less-



10

15

20

25

30

WO 2012/051532 PCT/US2011/056365

-8-

rounded apices 404, which is shown most clearly in FIGS. 11-14. In this configuration
a solid outer face around an expanded stent 400 would form a frustum of a cone. This
configuration may be manufactured in the same manner as the examples described
above with reference to FIGS. 4-7 (i.e., producing a stent with a generally uniform
outer circumference), with an added step that may include drawing the distal

apices 404 into a smaller circumference upon suturing them to a smaller diameter
graft material. Alternatively, or in addition, the stent 400 may be heat-set to impose
the desired shape.

[0041]FIG. 13 is adapted from an FEA contour simulation and shows the stent 400 in
a simulated artery 410, where the stent 400 is 20% oversized. Surprisingly, the
contour of pressure distribution along proximal and distal apices 402, 404 as well as
an intermediate region is generally uniform throughout the stent circumference. The
illustrated configuration provides a total radial sealing force of about 0.187 lbf. This
property of generally uniform pressure distribution may provide advantages in certain
applications of providing a seal and/or presenting less abrasion of a vessel walll
through graft material as compared to stents with less uniform pressure distribution.
[0042] FIGS. 14-15 show two different views of a stent graft 500 using a stent
example 400 of the present invention described above with reference to FIGS. 10-13.
The stent graft 500 is shown in an expanded state and may be configured for use in
treating a thoracic aortic aneurysm. The stent 400 is disposed at the proximal end of
a generally cylindrical graft sleeve 502, to which its distal apices 404 are secured by
sutures 504. The stent graft 500 also includes a series of z-stents 510a-d disposed
distally from the stent 400. The first z-stent 510a is attached to the inner
circumference of the graft 502, and the other z-stents 510b-510d are attached to the
outer diameter of the graft 502. The proximal end of the stent 400 extends beyond the
proximal end of the graft in a manner that may facilitate anchoring the graft in a vessel
of a patient (e.g., a blood vessel).

[0043] The rounded points on the stent may protrude from the graft material only a
small amount as is shown in FIGS. 14-15. In this example, only a small portion of the
bare wire will be exposed to the artery wall. These unique (larger radii) rounded
points are far less likely to perforate the artery wall than sharper points of a different

stent configuration. Advantageously, this asymmetric stent design will maximize the
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efficacy of the seal while preserving the condition of the artery wall. Specifically, the
narrower stent apices will provide for desirable radial expansion/ sealing force, and the
broader rounded apices will provide for a desirably atraumatic contact with an artery
wall.

[0044] FIGS. 16-18 show a stent-graft embodiment 600 that includes a non-
symmetrical stent 602 having more broadly rounded proximal apices 604 and more
narrowly rounded distal apices 606. The stent 602 is attached by sutures to the inner
surface (not shown) or outer surface of a generally columnar graft 610, which includes
other stents 608. A second layer of graft material 612 is also attached to the inner
circumference of the graft 610 midway down its length and extends proximally through
the inner circumference of the stent 602.

[0045] As shown in the end view of FIG. 17, this construction provides a passage for
branch structures 614 (that may be embodied, for example, as tubular or non-tubular
stents, stent-grafts, shown here for the sake of illustration as generic tubular
structures), which pass through the passage formed between the two layers 610, 612
and through an aperture 611 in the graft 610. The tubular structures 614 will
advantageously be disposed generally transversely through the inner radius of the
more broadly rounded proximal apices 604 of the stent 602, which provides atraumatic
columnar support for the graft 610 as well as an anchor for the tubular structures 614.
The stent-graft 600 may be particularly useful for treatment of an abdominal aortic
aneurysm (AAA) that is immediately adjacent to, or that goes across, the renal arteries
such that it has a short neck and lacks a contact area that is sufficient to create an
effective proximal seal and avoid the proximal Type | endoleaks that may occur with
some currently-available AAA stent-grafts. Those of skill in the art will appreciate that
the stent-graft 800 will allow general occlusion of the AAA, while providing patent
passage through the descending aorta and from the aorta to the renal arteries.
Specifically, a stent-graft configured in the manner of the stent-graft embodiment 600,
which includes a modular design that may include branch stents and/or stent-grafts,
will allow a seal to be formed above the renal arteries and below the celiac and
superior mesenteric arteries. Also, as shown in FIG. 16, a second non-symmetrical

stent 622 may be placed adjacent the first non-symmetrical stent 602 in an opposite
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orientation that will provide additional atraumatic support for the branching tubular
structures 614.

[0046]FIG. 19 shows a stent-graft device 700 configured for endovascular treatment
of a thoracic aorta dissection. The device 700 includes a non-symmetrical alignment
stent 702 attached to a first end of a tubular graft material 704. A sealing stent 706 is
attached in the central lumenal graft space proximate the alignment stent 702. The
sealing stent 706 preferably is configured with a high radial force to promote
efficacious sealing of the graft material 704 against a vessel wall. A body stent 708
configured here as a z-stent is disposed on the exterior of the graft material 704 and
preferably is configured to provide longitudinal and circumferential stability/ columnar
support for the graft material of the device 700, such that it will conform to the
vasculature and resist buckling when deployed in torturous anatomy such as the
ascending thoracic aorta. A bare cannula stent 710 (such as, for example, a cut
nitinol stent) is attached in the tubular graft material 704 at the opposite end from the
alignment stent 702. This cannula stent 710 preferably is a conformable kink-resistant
stent that provides distal sealing and migration-resistance. In a deployment of the
device 700 to treat an aortic dissection, the alignment stent 702 preferably will be
disposed proximal (nearer the heart) relative to the vessel tear, with the graft material
traversing the tear in a manner generally sealing it from blood flow. And, the distal
cannula stent 710 will help conform to the vasculature and retain a seal for treatment
of the dissection. One or more of the sealing stent 706, body stent 708, and bare
stent 710 may include one or more barbed projections configured to help anchor the
device 700.

[0047]FIG. 20 shows a stent-graft device 800 configured for endovascular treatment
of a thoracic aortic aneurysm. The device 800 includes a proximal component 802
and a distal component 822. The proximal component 802 has a tubular graft
material 805 having proximal and distal ends 803a and 803b, and further may
comprise a proximal stent 804 attached to the proximal end 803a of the graft material
805. The proximal stent 804 preferably is a non-symmetrical alignment stent provided
in accordance with the stent 400 described above, such that the rounded points on the
stent may protrude from the graft material and are less likely to perforate the artery
wall than sharper points of a different stent configuration. In a deployment of the
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device 800 to treat a thoracic aortic aneurysm, the alignment stent 804 preferably will
be disposed proximal (nearer the heart) relative to the aneurysm, with the graft
material 805 traversing the aneurysm in a manner generally sealing it from blood flow.
[0048] The proximal component 802 further comprises a series of z-stents 810a-810f
disposed distally from the proximal stent 804. A proximal z-stent 810a may be
attached to the inner circumference of the graft material 805, other z-stents 810b-810e
may be attached to the outer diameter of the graft material 805, and a distal z-stent
810f may be attached to the inner circumference of the graft material 805, as depicted
in FIG. 20. However, it should be noted that some stents depicted on the inner
circumference of the graft material 805 alternatively may be attached to the outer
diameter of the graft material 805, and vice versa.

[0049] Moreover, in one embodiment, the proximal stent 804 extending from the graft
material 805 may at least partially overlap with the most proximal z-stent 810a, as
depicted in FIG. 20. The overlap may be range from about 1.0mm to about 3.0mm,
and more preferably about 2.0mm.

[0050] The distal component 822 has a graft material 825 having proximal and distal
ends 823a and 823b, and a series of z-stents 830a-830g. In the example shown, the
proximal three z-stents 830a-830c are attached to the inner circumference of the
graft material 805, three other z-stents 830d-830f are attached to the outer diameter of
the graft material 805, and a distal z-stent 830g is attached to the inner circumference
of the graft material 805. However, like the proximal component 802, the z-stents of
the distal component 822 may be attached to either the inner circumference or the
outer diameter of the graft material 805.

[0051] The proximal end 823a of the graft material 825 may comprise one or more
scallops 845. Preferably, a plurality of scallops 845 are provided that closely follow
the shape of the proximal z-stent 830a, such that portions of the graft material 825 are
cut out just proximal to the z-stent 830a, as shown in FIG. 20. In this manner, the
plurality of scallops 845 may advantageously reduce the potential for graft infolding,
thereby reducing or eliminating the likelihood of impeded blood flow and/or endoleaks
around the distal component 822.

[0052] At the distal end 823b of the distal component 822, there is also a distally
extending z-stent stent 834, which has a proximal end that may be fastened to the
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graft 825 using sutures, and then is exposed distal to the graft material, as shown in
FIG. 20. The distally extending stent 834 has barbs 836 on some of its struts and the
barbs 836 are directed proximally. The barbs 836 may be formed integrally with the
stent 834, or formed externally and attached thereto, and reduce or prevent proximal
migration of the distal end 823b of the distal component 822. Further, one or more
radiopaque markers may be provided to facilitate correct positioning of the distal end
of the distal component 822.

[0053] The proximal and distal components 802 and 822 may be introduced and
deployed using separate deployment systems. In one embodiment, the proximal
component 802 is introduced using a delivery system having a curved tip, while the
distal component 822 is introduced using a delivery system having a straight tip.
[0054] When the stent graft device 800 of FIG. 20 is deployed to treat a thoracic aortic
aneurysm, proximal and distal components 802 and 822 at least partially overlap with
one another to provide a fluid passageway therebetween. The proximal end 823a of
the distal component 822 may be deployed either inside the distal end 803b of the
proximal component 802, although in other embodiments the proximal component 802
may be deployed inside of the distal component 822. This means that in deploying
the stent graft assembly 800, either the proximal or distal components 802 and 822
may be deployed first and the other portion subsequently deployed depending upon
the requirements in a particular case. In either case, it is preferable to have at least
two stents overlap to facilitate sealing between the first and second portions. Also, by
having an overlap of at least two stents, relative movement between the first and
second portions is less likely to cause parting of the first and second portions when it
is deployed and pulsating blood flow through the stent graft causes sideways
movement.

[0055] Advantageously, when the stent graft device 800 of FIG. 20 is deployed, the
proximal stent 804, which preferably is a non-symmetrical alignment stent, will
maximize the efficacy of the proximal seal while reducing atraumatic contact with an
artery wall, as noted above, and preventing distal migration of the proximal end of the
stent graft. Further, as noted above, the plurality of scallops 845 may advantageously
reduce the potential for graft infolding, thereby reducing or eliminating the likelihood of

impeded blood flow and/or endoleaks around the distal component 822.
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[0056] Stent examples of the present invention may be constructed of NiTi alloys or
other materials presently known or yet to be developed, all within the scope of the
present invention. The stents preferably are made from Nitinol wire and will therefore
be MRI compatible. In another preferable embodiment, a stent may be made from a
laser-cut Nitinol cannula, effectively rendering it a seamless or nearly-seamless wire-
like construction. Nitinol's superelastic properties will facilitate the stents ability to be
crimped down into a low profile delivery system.

[0057] While various embodiments of the invention have been described, the invention
is not to be restricted except in light of the attached claims and their equivalents.
Moreover, the advantages described herein are not necessarily the only advantages
of the invention and it is not necessarily expected that every embodiment of the

invention will achieve all of the advantages described.
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CLAIMS
1. A stent-graft system for treatment of a medical condition, the stent-graft system
comprising:

a proximal component comprising a graft having proximal and distal ends, and
further comprising a proximal stent having a plurality of proximal and distal apices
connected by a plurality of generally straight portions, where at least one of the distal
apices of the proximal stent is attached to the graft using one or more sutures,

where each proximal apex comprises a first curved portion and each distal
apex comprises a second curved portion, where the first curved portion and the
second curved portion each comprises at least one radius of curvature, and the radius
of curvature of at least one of the proximal apices is greater than the radius of
curvature of at least one of the distal apices; and

a distal component comprising a graft having proximal and distal ends, where,
upon deployment, the proximal and distal components at least partially overlap with
one another to permit continuous fluid flow therebetween,

where the distal component further comprises a proximal z-stent coupled to the
graft, and where the proximal end of the graft comprises at least scallop formed
therein that generally follows the shape of the proximal z-stent.

2. The stent-graft system of claim 1 where the distal component further comprises
at least one z-stent stent coupled to the distal end of the graft and extending distally
therefrom that reduces proximal migration of the distal end of the distal component.

3. The stent-graft system of claim 2 wherein the at least one z-stent stent coupled
to the distal end of the graft comprises at least one barb oriented in a proximal
direction.

4. The stent-graft system of any preceding claim, where each of the proximal
apices of the proximal stent are circumferentially offset from the distal apices.

5. The stent-graft system of any preceding claim, where the first radius of
curvature is about 1 mm, and the second radius of curvature is about 6 mm.

6. The stent-graft system of any preceding claim, where the proximal component
comprises at least five additional z-stents coupled to the graft at locations distal to the

proximal stent.
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7. The stent-graft system of claim 6 where, of the at least five additional z-stents,
proximal and distal z-stents are coupled to an inner surface of the graft and at least
three intermediate z-stents are coupled to an outer surface of the graft.
8. A stent-graft system for treatment of a medical condition, the stent-graft system
comprising:

a proximal component comprising a graft having proximal and distal ends; and

a distal component comprising a graft having proximal and distal ends, where,
upon deployment, the proximal and distal components at least partially overlap with
one another to provide a fluid passageway therebetween,

where the distal component further comprises a proximal z-stent coupled to the
graft, and where the proximal end of the graft comprises at least scallop formed
therein that generally follows the shape of the proximal z-stent, and

where the distal component further comprises at least one z-stent stent coupled
to the distal end of the graft and extending distally therefrom that reduces proximal
migration of the distal end of the distal component.
9. The stent-graft system of claim 8 where the at least one z-stent stent coupled to
the distal end of the graft comprises at least one barb oriented in a proximal direction.
10.  The stent-graft system of claim 8 or 9 where the proximal component further
comprises a proximal stent having a plurality of proximal and distal apices connected
by a plurality of generally straight portions, where at least one of the distal apices of
the proximal stent is attached to the graft using one or more sutures.
11.  The stent-graft system of claim 10 where each of the proximal apices of the
proximal stent are circumferentially offset from the distal apices.
12.  The stent-graft system of claim 10 or 11 where the proximal component
comprises at least five additional z-stents coupled to the graft at locations distal to the
proximal stent.
13.  The stent-graft system of any of claims 10 to 12 where each proximal apex
comprises a first curved portion and each distal apex comprises a second curved
portion, where the first curved portion and the second curved portion each comprises
at least one radius of curvature, and the radius of curvature of at least one of the
proximal apices is greater than the radius of curvature of at least one of the distal

apices.
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14.  The stent-graft system of claim 13 where the first radius of curvature is about

1 mm, and the second radius of curvature is about 6 mm.

15. A stent-graft system for treatment of a medical condition, the stent-graft system
comprising:

a proximal component comprising a graft having proximal and distal ends, and
further comprising a proximal stent having a plurality of proximal and distal apices
connected by a plurality of generally straight portions, where at least one of the distal
apices of the proximal stent is attached to the graft using one or more sutures,

where each proximal apex comprises a first curved portion and each distal
apex comprises a second curved portion, where the first curved portion and the
second curved portion each comprises at least one radius of curvature, and the radius
of curvature of at least one of the proximal apices is greater than the radius of
curvature of at least one of the distal apices; and

a distal component comprising a graft having proximal and distal ends, where,
upon deployment, the proximal and distal components at least partially overlap with
one another to provide a fluid passageway therebetween,

where the distal component further comprises at least one z-stent stent coupled
to the distal end of the graft and extending distally therefrom that reduces proximal
migration of the distal end of the distal component.

16.  The stent-graft system of claim 15 where the distal component further
comprises a proximal z-stent coupled to the graft, and where the proximal end of the
graft comprises at least scallop formed therein that generally follows the shape of the
proximal z-stent.

17.  The stent-graft system of claim 16 where the at least one z-stent stent coupled
to the distal end of the graft comprises at least one barb oriented in a proximal
direction.

18.  The stent-graft system of any of claims 15 to 17 where each of the proximal
apices of the proximal stent are circumferentially offset from the distal apices.

19.  The stent-graft system of any of claims 15 to 18 where the first radius of

curvature is about 1 mm, and the second radius of curvature is about 6 mm.
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20.  The stent-graft system of any of claims 15 to 19 where the proximal component
comprises at least five additional z-stents coupled to the graft at locations distal to the

proximal stent.
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