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FENESTRATED STENT GRAFTS
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Preferably the ring includes at least two turns of wire and preferably the
terminal ends of the wire of the ring are provided with a loop so that the wire does
not present a pointed end of wire which could damage a vessel.

Alternatively, the ring may be a ring of a resilient material such as an
elastomer. The elastomer may for instance be silicone elastomer.

Where the fenestration is adjacent an end of the stent graft the
fenestration may be in the form of a scallop which is open at one side. The resilient
material around the periphery may be in the form of a U-shape and during
deployment may assist with opening up of the fenestration so that a vessel behind
the fenestration can be catheterized.

In another embodiment of a fenestration in the form of a scallop provided
at the distal ar proximal end of the stent graft may have struts of self expanding
stents acting as resilient peripheral reinforcement around a portion of the
fenestration. When the stent expands upon deployment, the struts spread apart
thereby opening up the fenestration.

The scallop may be at the proximal or distal end of a stent graft. For
instance, when deploying a stent graft extending from the thoracic arch, a
fenestration may be provided to prevent the coeliac artery being occluded. As with
all embodiments, radiopaque or MRI opaque markers may be used to define the
periphery of the fenestration.

When deploying a stent graft into the lower aorta in the region of the
aortic bifurcation, it may be desirable to provide a scalloped fenestration at the
proximal end of the stent graft to avoid occluding the renal arteries or the superior
mesenteric artery. Where these arteries are close together the scalloped
fenestration may be of such a size that it extends over more than one of the
openings to the arteries.

The U-shape of resilient material can be a Nitinol™ on a stainless steel
wire or may be a portion of an elastomeric material such as a silicone elastomer.

The fenestration may be surrounded by radiopaque markers to assist

with visualisation by suitable radiographic technigues. Alternatively there may be
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included in or associated with the resilient material a gold or other heavy metal
wire or band to provide the necessary visualisation.

In one embodiment the fenestration may include a tubular extension
between the tubular wall and the ring.

The tubular extension may include a self expanding stent and an
associated lining or covering of a biocompatible graft material.

In an alternative form the invention is said to reside in a stent graft
having at least one fenestration, the or each fenestration including a tubular
extension, the side arm including a stent and extending from and in fluid
communication with the fenestration and the stent graft.

Preferably the tubular extension includes an associated lining or covering
of a biocompatible graft material. By this arrangement the inner cylindrical surface
of the tubular extension provides a larger support and sealing surface between
fenestration in the main graft and an outer cylindrical surface of a side branch stent
graft which has been deployed through the fenestration.

Preferably the stent in the tubular extension is a self expanding stent
which may be Nitinol™ or stainless steel. Alternatively the stent in the tubular
extension may be a balloon expandable stent.

In one form the stent may be in the form of a Gianturco style zig zag Z
stent. Alternatively the stent may be a Nitinol™ self expanding stent of the type
known as a Zilver™ stent sold by Cook Incorporated.

The bio-compatible graft material may be either on the inside or the
outside of the stent or there may be a cover which extends over both the inside and
the outside of the stent on the tubular extension.

There may be further included a ring of a resilient material around the
periphery at the terminal end of the tubular extension to provide dimensional
stability to the tubular extension to assist with sealing. The ring may be formed
from one or more and preferably two or more circular turns of Nitinol™ or stainless
steel wire and preferably have a loop at each of its ends to prevent the wire from
presenting a sharp end which might protrude through the graft material and pierce

a lumen walil.
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The bio-compatible material may be dacron, Thoralon™, expanded
polytetrafluoroethylene or other synthetic bio-compatible material.

While Dacron, expanded polytetrafluoroethylene (ePTFE), or other
synthetic biocompatible materials can be used to fabricate the coverings for the
stent graft and the tubular extension, a naturally occurring biomaterial, such as
collagen, is highly desirable, particularly a specially derived collagen material
known as an extracellular matrix (ECM), such as small intestinal submucosa (SIS}.
Besides SIS, examples of ECM’s include pericardium, stomach submucosa, liver
basement membrane, urinary bladder submucosa, tissue mucosa, and dura mater.

SIS is particularly useful, and can be made in the fashion described in
Badylaketal., US Patent 4,902,508; Intestinal Collagen Layer described in US Patent
5,733,337 to Carr and in 17 Nature Biotechnology 1083 (Nov. 1999); Cock et al.,
WIPQO Publication WO 98/22158, dated 28 May 1998, which is the published
application of PCT/US97/14855. Irrespective of the origin of the material (synthetic
versus naturally occurring), the material can be made thicker by making
multilaminate constructs, for example SIS constructs as described in US Patents
5,968,096; 5,955,110; 5,885,619; and 5,711,969. Animal data show that the SIS used
in grafts can be replaced by native tissue in as little as a month’s time. In addition
to xenogenic biomaterials, such as SIS, autologous tissue can be harvested as well.
Additionally Elastin or Elastin-Like Polypetides (ELPs) and the like offer potential as
a material to fabricate the graft to form a device with exceptional biocompatibility.
Another alternative would be to use allographs such as harvested native tissue.
Such tissue is commercially available in a cryopreserved state.

The tubular extension may be placed on a reduced diameter portion of
the stent graft so that the overall diameter of the stent graft is not significantly
affected.

For this specification the term ‘tubular extension’ in relation to the side
arm, is intended to mean that the length of the tubular extension is substantially
similar in order of magnitude to the diameter of the tubular extension. Hence for

a tubular extension diameter of 6 millimetres the length may be in the range of &
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to 10 millimetres. Such a tubular extension diameter would be suitable for
deploying an extension leg or arm graft for a renal artery extending from an aorta.

The stent graft may have a diameter of from 20 to 40 mm and a length
of from 100 to 250 mm. The placement of the fenestrations and the tubular
extensions where required is dependant upon the particular body lumen and each
set of fenestrations would normally be custom designed. The main stent graft may
include a proximally extending uncovered stent to assist with retention within a
body lumen such as an aorta.

The main stent graftin which the fenestration is provided may be one of
the components of a composite graft.

U.S. Patent No. 5,387,235 entitled "Expandable Transluminal Graft
Prosthesis For Repair Of Aneurysm" discloses apparatus and methods of retaining
grafts onto deployment devices. These features and other features disclosed in
U.S. Patent No. 5,387,235 could be used with the present invention and the
disclosure of U.S. Patent No. 5,387,235 is herewith incorporated in its entirety into
this specification.

U.S. Patent No. 5,720,776 entitled "Barb and Expandable Transluminal
Graft Prosthesis For Repair of Aneurysm" discloses improved barbs with various
forms of mechanical attachment to a stent. These features and other features
disclosed in U.S. Patent No. 5,720,776 could be used with the present invention and
the disclosure of U.S. Patent No. 5,720,776 is herewith incorporated in its entirety
into this specification.

U.S. Patent No. 6,206,931 entitled "Graft Prosthesis Materials" discloses
graft prosthesis materials and a method forimplanting, transplanting replacing and
repairing a part of a patient and particularly the manufacture and use of a purified,
collagen based matrix structure removed from a submucosa tissue source. These
features and other features disclosed in U.S. Patent No. 6,206,931 could be used
with the present invention and the disclosure of U.S. Patent No. 6,206,931 is
herewith incorporated in its entirety into this specification.

PCT Patent Publication No. WO 98/53761 entitled "A Prosthesis And A

Vethod And Means Of Deploying A Prosthesis" discloses an introducer for a

-8-
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prosthesis which retains the prosthesis so that each end can be moved
independently. These features and other features disclosed in PCT Patent
Publication No. WO 98/53761 could be used with the present invention and the
disclosure of PCT Patent Publication No. WO 98/53761 is herewith incorporated in
its entirety into this specification.

U.S. Patent No. 6,524,335 and PCT Patent Publication No. WO 99/29262
entitled "Endoluminal Aortic Stents" disclose a fenestrated prosthesis for placement
where there are intersecting arteries. This feature and other features disclosed in
U.S. Patent No. 6,524,335 and PCT Patent Publication No. WO 99/29262 could be
used with the presentinvention and the disclosure of U.S. Patent No. 6,524,335 and
PCT Patent Publication No. W0 99/29262 is herewith incorporated in its entirety into
this specification.

U.S. Patent Application Serial No. 10/280,486, filed October 25, 2002 and
published on May 8, 2003 as U.S. Patent Application Publication No.
US-2003-0088305-A1 and PCT Patent Publication No. WO 03/034948 entitled
"Prostheses For Curved Lumens" discloses prostheses with arrangements for
bending the prosthesis for placement into curved lumens. This feature and other
features disclosed in U.S. Patent Application Serial No. 10/280,486, and U.S. Patent
Application Publication No. US-2003-0088305-A1 and PCT Patent Publication No.
WO 03/034948 could be used with the present invention and the disclosure of U.S.
Patent Application Serial No. 10/280,486, and U.S. Patent Application Publication
No. US-2003-0088305-A1 and PCT Patent Publication No. WO 03/034948 is herewith
incorporated in its entirety into this specification.

U.S. Provisional Patent Application Serial No. 60/392,682, filed June 28,
2002, U.S. Patent Application Serial No. 10/447,408, filed May 29, 2003, and
Published on December 18, 2003, as U.S. Patent Application Publication No.
US-2003-0233140-A1, and PCT Patent Publication No. WO 03/101518 entitled
"Trigger Wires" disclose release wire systems for the release of stent grafts retained
onintroducer devices. This feature and other features disclosed in U.S. Provisional
Patent Application Serial No. 60/392,682, U.S. Patent Application Serial No.
10/447,406, and U.S. Patent Application Publication No. US-2003-0233140-A1, and

-9-
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PCT Patent Publication No. WO 03/101518 could be used with the presentinvention
and the disclosure of U.S. Provisional Patent Application Serial No. 60/392,682,
U.S. Patent Application Serial No. 10/447,406, and U.S. Patent Application
Publication No. US-2003-0233140-A1, and PCT Patent Publication No. WO
03/101518 is herewith incorporated in its entirety into this specification.

U.S. Provisional Patent Application Serial No. 60/392,667, filed June 28,
2002, and U.S. Patent Application Serial No. 10/609,848, filed June 30, 2003, and
Published on May 20, 2004, as US Patent Application Publication No.
US-2004-0098079-A1, and PCT Patent Publication No. WO 2004/028398 entitled
"Thoracic Deployment Device" disclose introducer devices adapted for deployment
of stent grafts particularly in the thoracic arch. This feature and other features
disclosed in U.S. Provisional Patent Application Serial No. 60/392,667, U.S. Patent
Application Serial No. 10/609,846, and US Patent Application Publication No.
US-2004-0098079-A1, and PCT Patent Publication No. WO 2004/028399 could be
used with the present invention and the disclosure of U.S. Provisional Patent
Application Serial No. 80/392,667, U.S. Patent Application Serial No. 10/609,846,
and US Patent Application Publication No. US-2004-0098079-A1, and PCT Patent
Publication No. WO 2004/028399 is herewith incorporated in its entirety into this
specification.

U.S. Provisional Patent Application Serial No. 60/392,599, filed June 28,
2002, and U.S. Patent Application Serial No. 10/609,835, filed June 30, 2003, and
published on June 3, 2004, as U.S. Patent Application Publication No.
US-2004-0106978-A1, and PCT Patent Publication No. WO 2004/002370 entitled
“Thoracic Aortic Aneurysm Stent Graft” disclose stent grafts that are useful in
treating aortic aneurysms particularly in the thoracic arch. This feature and other
features disclosed in U.S. Provisional Patent Application Serial No 60/392,599, U.S.
Patent Application Serial No. 10/609,835, and U.S. Patent Application Publication
No. US-2004-0106978-A1, and PCT Patent Publication No. WO 2004/002370 could
be used with the present invention, and the disclosure of U.S. Provisional Patent
Application Serial No 60/392,599, U.S. Patent Application Serial No. 10/609,835,
and U.S. Patent Application Publication No. US-2004-0106978-A1, and PCT Patent

-10-
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Publication No. WO 2004/002370 is herewith incorporated in its entirety into this
specification,

U.S. Provisional Patent Application Serial No. 60/391,737, filed June 26,
2002, U.S. Patent Application Serial No. 10/602,930, filed June 24, 2003, and PCT
Patent Publication Number WO 2004/002365 entitled "Stent-Graft Fastening"
disclose arrangements for fastening stents onto grafts particularly for exposed
stents. This feature and othér features disclosed in U.S. Provisional Patent
Application No. 60/381,737, U.S. Patent Application Serial No. 10/602,930, and PCT
Patent Publication Number WO 2004/002365 could be used with the present
invention and the disclosure of U.S. Provisional Patent Application Serial No.
60/391,73,U.S. Patent Application Serial No. 10/602,930, and PCT Patent Publication
Number WQ 2004/002365 are herewith incorporated in its entirety into this
specification.

U.S. Provisional Patent Application Serial No. 60/405,367, filed August 23,
2002, U.S. Patent Application Serial No. 10/647,642, filed August 25, 2003, and PCT
Patent Publication No. WO 2004/017868 entitled "Asymmetric Stent Graft
Attachment" disclose retention arrangements for retaining onto and releasing
prostheses from introducer devices. This feature and other features disclosed in
U.S. Provisional Patent Application Serial No. 60/405,367, filed August 23, 2002,
U.S. Patent Application Serial No. 10/647,642, filed August 25, 2003, and PCT Patent
Publication No. WO 2004/017868 could be used with the present invention and the
disclosure of U.S. Provisional Patent Application Serial No. 60/405,367, filed August
23, 2002, U.S. Patent Application Serial No. 10/647,642, filed August 25, 2003, and
PCT Patent Publication No. WO 2004/017868 are herewith incorporated in its
entirety into this specification.

U.S. Patent Application Serial No. 10/322,862, filed December 18, 2002
and published as Publication No. US2003-0120332, and PCT Patent Publication No.
WO03/053287 entitled "Stent Graft With Improved Adhesion" disclose arrangements
on stent grafts for enhancing the adhesion of such stent grafts into walls of vessels
in which they are deployed. This feature and other features disclosed in U.S. Patent
Application Serial No. 10/322,862, filed December 18, 2002 and published as

-11-
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Publication No. US2003-0120332, and PCT Patent Publication No. W003/053287
could be used with the present invention and the disclosure of U.S. Patent
Application Serial No. 10/322,862, filed December 18, 2002 and published as
Publication No. US2003-0120332, and PCT Patent Publication No. W003/053287 are
herewith incorporated in its entirety into this specification.

U.S. Provisional Patent Application Serial No. 60/405,769, filed August 23,
2002, U.S. Patent Application Serial No. 10/645,095, filed August 23, 2003, and PCT
Patent Publication Number WO 2004/017867 entitled "Composite Prostheses”
discloses prostheses or stent grafts suitable for endoluminal deployment. These
prostheses and other features disclosed in U.S. Provisional Patent Application
Serial No. 60/405,769, filed August 23, 2002, U.S. Patent Application Serial No.
10/645,095, filed August 23, 2003, and PCT Patent Publication Number WO
2004/017867 , could be used with the present invention and the disclosure of U.S.
Provisional Patent Application Serial No. 60/405,769, filed August 23, 2002, U.S.
Patent Application Serial No. 10/645,095, filed August 23, 2003, and PCT Patent
Publication Number WO 2004/017867 are herewith incorporated in its entirety into
this specification.
Brief Description of the Drawing

This then generally describes the invention but to assist with
understanding reference will now be made to the accompanying drawings which
show a preferred embodiment of the invention.
In the drawings:

Figure 1 shows one embodiment of a stent graft according to this
invention;

Figure 2 shows a cross section of the stent graft shown in Figure 1 along
the line 2-2";

Figure 3 shows a cross section through a tubular extension in one
embodiment of the invention;

Figure 4 shows a part cut away view of the embodiment shown in Figure 3;
Figure 5 shows an alternative embodiment of a stent graft accarding to this

invention;

-12-
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Figure 6 shows a cross section through a fenestration shown in Figure 5;

Figure 7 shows a part cut away view of a fenestration of the embodiment
shown in Figure 5;

Figure 8 shows a detailed view of the inside of a scalloped fenestration
according to one embodiment of the invention;

Figure 9 shows an inside view of the embodiments shown in Figure 8;

Figure 10 shows an alternative embodiment of fenestration with a resilient
elastomer ring surrounding the periphery of the fenestration;

Figure 11 shows another view of the embodiment of Figure 10;

Figure 12 shows an alternative embodiment of a stent graft with a scalloped
fenestration;

Figure 13 shows a detailed internal view of the scalloped fenestration of
Figure 12;

Figure 13A shows an internal view of an alternative arrangement of a
scalloped fenestration;

Figure 14 shows an alternative embodiment of a stent graft with a scalloped
fenestration; and

Figure 15 shows a detailed internal view of the scalloped fenestration of
Figure 14.

Detailed Description

Now looking more closely at the drawings and in particular the embodiment
shown in Figures 1 and 2 it will be seen that a main stent graft 1 comprises a
tubular body portion 3 at proximal and distal ends of the stent graft 1 with a central
reduced diameter portion 5 between the ends of the stent graft with tapered
portions 6 and 7 extending from the tubular body portions 3 at each end to the
central reduced diameter portion 5.

All of the tubular body portions, the tapered portions and the central portion
are a biocompatible graft material such as Dacron, Thoralon™, expanded PTFE or
a naturally occurring biomaterial, such as an extracellular matrix, such as small
intestinal submucosa or other suitable material or a combination of these materials.

Gianturco style zig zag Z stents 9 are provided inside the graft material of the

13-
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tubular body portions 3 at each end and in between the ends Gianturco zig zag style
Z stents 11 are provided on the tapering portions 6 and 7 and on the reduced
diameter portion 5 outside of the graft material. There may be further Gianturco
style zig zag Z stents on each of the tubular body portions 3, the tapering portions
6 and 7 and the reduced diameter portion 5 depending upon the overall length of
the stent graft 1.

In the reduced diameter central portion 5 there is at least one substantially
circular fenestration or aperture 13 on the tubular wall of the stent graft. In this
embodiment there are three fenestrations being one for each of the two renal
arteriesand one for the superior mesenteric artery. Other numbers of fenestrations
may also be used. The fenestrations 13 are substantially circular and extending
from the fenestrations are tubular extensions 15. The tubular extensions 15
comprise a bio-compatible material tube 17 with a self expanding stent 19. In this
embodiment the self expanding stent 19 is provided on the outer surface of the
tubularextension butin analternative embodiment the self expanding stent 19 may
be provided on the inner surface of the graft material 17.

The biocompatible material tube 15 is a biocompatible graft material such as
Dacron, Thoralon™, expanded PTFE or a naturally occurring biomaterial, such as
an extracellular matrix, such as small intestinal submucosa or other suitable
material,

Stitching 21 is provided to retain the tubular extension to the main graft.

Radiopaque markers 23 are provided at each end of the fenestration 13 at the
base of the tubular extension 15 1o assist a physician to locate the fenestration in
respect to a side vessel extending from a main vessel. The radiopaque markers 23
may be gold or other convenient material.

In the embodiment shown in Figures 3 and 4 the tubular extension generally
shown as 30 extends from a fenestration or aperture 31 in the side wall of a main
stent graft 32. The tubular extension 30 includes a self expanding Nitinol™ stent
34 with a bio-compatible graft material inner layer 35 and outer layer 36. Aring 37
of Nitinol™ around the periphery of the tubular extension at the terminal end 39 is

provided ic give gcod dimensional stability to the distal end of the tubular

-14-
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extension 30. In an alternative arrangement the ring 37 may be formed from
stainless steel or any other convenient material. Stitching 41 is provided to retain
the tubular extension to the main graft and stitching 42 is used to retain the ring 37
at the terminal end 39 of the tubular extension 30.

The ring 37 of Nitinol™ comprises two turns of wire with a loop 38 at each
end of the wire. The loops 38 are provided to prevent the chance of damage to
lumen wall because the pointed end of the wire is effectively enclosed within the
loop.

It will be seen that by these various embodiments of this form of the
invention that the tubular extension provides a good support and sealing surface
into which another bio-compatible material stent graft may be deployed to extend
into a branch artery from a main artery or other lumen of the body.

Figures 5 to 7 show an alternative embodiment of a stent graft according to
thisinvention. In this embodiment the same reference numerals as used in Figure
1 are used for corresponding components.

A main stent graft 1 comprises a tubular body portion 3 at proximal and
distal ends of the stent graft 1 with a central tubular body portion 5.

All of the tubular body portions are a biccompatible graft material such as
Dacron, Thoralon™, expanded PTFE or a naturally occurring biomaterial, such as
an extracellular matrix, such as small intestinal submucosa or other suitable
material.

Gianturco style zig zag Z stents 9 are provided inside the graft material of the
tubular body portions 3 at each end and on the central tubular body portion 5
Gianturco style zig zag Z stents 11 are provided on the outside of the graft material.
There may be further Gianturco style zig zag Z stents on each of the tubular body
portions 3 and the central tubular portion 5 than those illustrated depending upon
the overall length of the stent graft 1.

Inthe central tubular body portion 5 there is at least one substantially circular
fenestration or aperture 40 on the tubular wall of the stent graft. In this
embodiment there are two fenestrations being one for each of the two renal arteries

whezn this embodiment is deployed into the aorta. Other numbers of fenestrations
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may also be used where the placement of the stent graft involves the possibility of
occluding other branch vessels such as the superior mesenteric artery. The

fenestrations 40 are substantially circular. Radiopague markers 23 are provided at

each end of the fenestration 40 to assist a physician to locate the fenestration 40 in

respect to a side vessel extending from a main vessel. The radiopaque markers 23
may be gold or other convenient material.

A ring 45 of Nitinol™ as can particularly be seen in Figures 6 and 7 is
provided around the periphery of the fenestration 40 to give good dimensional
stability to the fenestration 40. In an alternative arrangement the ring 45 may be
formed from stainless steel or any other convenient material. Stitching 47 is
provided to retain the ring 45 around the periphery of the fenestration 40.

The ring 45 of Nitinol™ preferably comprises at least two turns of wire with
a loop 49 at each end of the wire. The loops 49 are provided to prevent the chance
of damage to lumen wall because the pointed ends of the wire are effectively
enclosed within the respective loops.

Alternatively one of the wires 45 may be a gold or other biocompatible heavy
metal wire to provide radiographic visualisation of the ring to assist with
positioning of the graft with respect to the branch vessel.

Also in Figure 5 there is shown a scalloped fenestration 50 which opens to the end
52 of the stent graft. Detail of the scalloped fenestration 50 can be seen in Figures
8and?9.

Figure 8 shows an external view of a scalloped fenestration which can be
placed at either the distal or proximal end of a stent graft and Figure 9 shows an
internal view of the fenestration shown in Figure 8. The fenestration comprises a
scallop of graft material cut out of the body of the graft 3. As can be seen in Figure
9 an arch of resilient wire 52 is stitched around the periphery 54 of the scalloped
fenestration. The wire 52 has a loop 56 formed at each end of it so that no sharp
end of the wire is provided which could damage the wall of a vessel into which the
stent graftis deployed. Because the wire or other material from which the U-shaped
reinforcement 52 is resilient the fenestration will close up when the stent graftis in

a contracted state for deployment into a bodily lumen such as the aorta and when
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released will open up to enable blood flow through the fenestration to a branch
vessel.

The arch of resilient wire 52 is preferably made from a number of strands,
such as three strands, of a resilient wire such as Nitinol™. The wire is stitched to
the periphery of the fenestration with stitches 53.

Figures 10 and 11 show two views of an alternative fenestration arrangement
according to the invention. In this embodiment the fenestration 60 is provided in
the wall 5 of a stent graft and surrounding the fenestration 60 and providing
reinforcement is an elastomeric ring 62 of a material such as silicon elastomer. The
elastomeric ring 62 is sewn by stitching 64 into the periphery of the fenestration 60.
Once again the elastomeric ring can be deformed so that it can be deployed within
a deployment device and will open into the shape of the fenestration when
deployed. The elastomeric ring will provide a certain amount of resiliency in
position of the fenestration over a branch vessel and if deploying a side arm
through the fenestration the elastomeric ring will provide a degree of blood sealing
onto the branch stent graft.

Figures 12 and 13 show an alternative arrangement of fenestration on a stent
graft. In Figure 12 the stent graft 68 comprises a tubular body of graft material 70
with a lumen therethrough. The distal end 72 of the stent graft has distally
extending exposed stent 74 and within the tubular body 70 there are proximal and
distal internal stents 76 and 78 respectively and at least one external stent 80
intermediate the proximal distal ends. A fenestration is provided at the distal end
72 of the stent graft 68. In this embodiment the fenestration 82 is in the form of a
scallop extending from the distal end 72 of the stent graft 68. The fenestration 82
is aligned with the struts 84 and 86 of the distal internal self expanding zig zag stent
78 so that the sides of the fenestration 90 can be stitched by stitching 92 to the
struts 84 and 86 along at least part of their length.

Radiopaque or MRl opaque markers 94 are provided each side of the
fenestration another marker 96 is provided at the base of the fenestration to enable
visualisation of the fenestration to an accurate pasition with respect to a branch

vessel such as a coeliac artery.
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Once again, it will be noted that when the stent graft 68 is compressed for
deployment within a delivery device the fenestration 82 will close up but upon
release the fenestration will open to provide access to the branch artery.

Figure 13A shows an alternative arrangement of a scalloped fenestration. In
this embodiment the struts 93 and 95 of a zig-zag stent 97 are bent so that a more
U-shaped fenestration 98 can be formed in the stent graft 99.

Figure 14 shows an alternative embodiment of a stent graft with a scalloped
fenestration and Figure 15 shows a detailed internal view of the scalloped
fenestration of Figure 14.

In Figure 14 the stent graft 100 comprises a tubular body of graft material 102
with a lumen therethrough. The distal end 104 of the stent graft has distally
extending exposed stent 106 and within the tubular body 102 there are proximal
and distal internal stents 108 and 110 respectively and at least one external stent
80intermediate the proximal distal ends. A fenestration is provided atthe distal end
104 of the stent graft 100. In this embodiment the fenestration 114 is in the form of
a scallop extending from the distal end 104 of the stent graft 100. The fenestration
114 is aligned with spaced apart struts 116 and 118 of the distal internal self
expanding zig zag stent 110 so that the sides of the fenestration 114 can be stitched
by stitching 120 to the struts 116 and 118 along at least part of their length. A zig-
zag portion 122 of the distal internal self expanding zig zag stent 110 extends
uncovered through the fenestration and suture 124 joins a bend of the distally
extending exposed stent 106 to a bend of the distal internal self expanding zig zag
stent 110.

As can be seen in Figure 15 an arch of resilient wire 130 is stitched around
the periphery 132 of the scalloped fenestration. The wire 130 has a loop 134 formed
at each end of it so that no sharp end of the wire is provided which couid damage
the wall of a vessel into which the stent graft is deployed. Because the wire or other
material from which the U-shaped reinforcement 130 is resilient the fenestration
will close up when the stent graft is in a contracted state for deployment into a
bodily lumen such as the aorta and when released will open up to enable blood

flow through the fenestration to a branch vessel while at the same time ensuring
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that the periphery 132 of the scalloped fenestration engages against the wall of a
vessel into which it is deployed and provides sealing.

The enlarged fenestration of thisembodiment is illustrated as a double width
as it takes in regions between two pairs of struts of the stent but may also be
provided as a triple width. The enlarged fenestration enables-a stent graft to be
placed where there are several branch vessels in close proximity to each other
which should not be occluded.

The scalloped fenestration shown in Figures 12 to 15 have been illustrated
as being on the distal end of a stent graft but they may also be provided on the
proximal end of a stent graft with or without the uncovered self expanding stent.

The use of a resilient reinforcement around the periphery of the fenestration
provides a much more dimensionally stable aperture for the deployment of a leg
or side arm extension. Particularly if using a balloon expandable stent as a leg or
side arm extension is used the force of the balloon expansion will not tend to tear
the graft material which may occur if no reinforcement was provided. The
resiliency allows the fenestration to close off during contraction for deployment but
to open up to a desired size and shape upon release in situ.

Throughout this specification various indications have been given as to the
scope of this invention but the invention is not limited to any one of these but may
reside in two or more of these combined together. The examples are given for
illustration only and not for limitation.

Throughout this specification and the claims that follow unless the context
requires otherwise, the words 'comprise’ and 'include' and variations such as
'comprising' and 'including’ will be understood to imply the inclusion of a stated
integer or group of integers but not the exclusion of any other integer or group of

integers.
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Claims

material, @ plurality of zig zag stents (3, 11) along the length of the tubylar wall

and at least one fenestration {40) in the tubular wall, characterised in that thf at

leadt ons fenestration includes a periphery and a separate resilient wirg (45
arolind at |east a portion of the periphery, whereby the resilient wire pipvides
dimensional stability to the fenestration. .
2, A stent graft as in Claim 1 characterised in that the resilient wire |s

selécted from nitinol or st_ainless steel.

3. A stent graft as in Claim T characterised in that the resilient wire fs inja

forin seledted from at least one of a ring, a spring, and a partial ring.

4- | Astent graft as in Claim 1 characterised in that the fenestration in a form

seldeted from at least one of a scallop (50} or a circular aperture {40).

5. A stknr graft as in Claim 1 characterised in that the fenestration is adjacent

an tnd of the stent graft the fenestration is in the form of a scallop whith isjppen

at gne side.

6. A stent graft as in Claim 6 characterised in that the resilient wire pround

the|periphery of the fenestration Is in the form of a U-shape (84) and ddring
deployment assists with opening up of the fenestration,
7. A stent graft as in Claim 1 characterised in that the fenestration ih the

form of a scallop pra\/ided st {east one of an distal and an proximal end of the

comprise the resilisnt wire and provide resilient peripheral reinforcement

tubular wall and wherein struts (86) of self expanding stents of the stent grj

= o

arolind ztleast a portion of the fenestration, whereby when the stent expands

updn deplpyment, the struts spread apart thereby opening up the fenestration.

the periphf
9, | Ast
twa turns pfwire.

10.| A stent graft as in Claim 9 characterised in that the terminal ends of the

8. A stfnt' graft as in Claim 1 characterised in that the resilient wire faround

ry is in the form of a ring.

nt graft as in Claim 8 characterlsed in that the ring includes at least

wirk of the ring are provided with a loop (49) so that the wire does not present a
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pointed end of wire which could damage a vessel.
11.| A stent graft as in Claim 1 characterised in that the fenestration inclu
tubular extension extending (30) from the tubular wall and the periphertal

resilient wire is in the form of a ring at an outer end of the tubular exte

12 As

incijudes aj self expanding stent‘ (34},

130 A stent graft as in Claim 11 characterised in that the tubular exte
includes at least one of an associated Iinfng (35) and covering (36) of a
biopompatible graft materfal.

14.| A stent graft as in Claim 12 characterised in that the stent (34} is

186 As

self expanding sient.
16.] A stent graft as in Claim 15 characterised in that the bio-compati

material i3

exiension

17. Astent graft as in Claim 11 characterised in that the tubular exte

tubular ext

so that the

0704 9LoT#

form of atrianturco style zig zag Z stent.
]
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nt graft as in Claim 11 charadterised in that the tubular extensio

nt graft as in Claim 12 characterised in that the stent is a Nijinol

nslom.

hsio

nth
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GE

es a

i}

T

ble graft

at least ane of on the inside or the outside of the stent on the tubular

nsio

ar

ensions are placed on a reduced diameter portion () of the stend graft

overall diameter of the stent graft is not significantly aﬁecteld.
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