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Abstract

A stent graft has a tubular body of graft material, a number of self
expanding stents associated with the tubular body to define a fluid flow path
through the stent graft when the self expanding stents are in their expanded
configurations. At least one fenestration in the tubular body is adapted to
receive a side arm stent graft to provide a fluid flow path from the tubular body
and through the side arm stent graft. The or each fenestration has at least an
inner ring and an outer ring and graft material extending from the inner ring to
the outer ring and the outer ring being in the tubular body of graft material.
The inner ring can be hinged to the outer ring or concentric within the outer
ring. An intermediate ring may also be used between the inner and outer

rngs.
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STENT GRAFT FENESTRATION

Technical Field

This invention relates to a stent graft and more particularly to the

positioning and construction of a fenestration in a stent graft.

Background of the Invention

Stent grafts are used for treatment of vasculature in the human or
animal body to bypass a repair or defect in the vasculature. For instance, a
stent graft may be used to span an abdominal aortic aneurysm. In many
cases, however, such damaged or defected portion of the vasculature may
include a branch vessel such as a mesenteric artery or a renal artery.
Bypassing such an artery without providing blood flow into the branch artery
can cause problems and hence it has been proposed to provide a fenestration
in the wall of a stent graft which, when the stent graft is deployed, is
positioned over the opening to the branch vessel. Another stent graft can be

deployed through the fenestration into the branch vessel to provide a blood

flow path to the branch artery.

A problem exists, however, in mapping the vasculature so that a
fenestration is positioned correctly in relation to the branch vessel when a
stent graft is constructed. Where the position of a fenestration with respect to
a branch vessel is offset when the stent graft is deployed, it may be difficult to
deploy guide wires and catheters from the stent graft into the branch vessel to
enable correct positioning of the branch vessel stent graft. Also when the
fenestration is offset from the branch and a stent graft is deployed into the
branch vessel from a main stent graft, the branch vessel stent graft may be

kinked to such an extent that blood flow will not occur through .
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Summary of the Invention

It Is the object of this invention therefore to provide an answer to this
problem by providing a stent graft arrangement in which the positioning of the

fenestration can be more fiexible or variable.

In one form, therefore, the invention is said to reside in a stent graft

including a wall and at least one fenestration assembly, the fenestration
assembly including a first ring defining a first aperture in the wall of the stent
graft and a second ring defining a small aperture within the first ring and graft
material extending between the first ring and the second ring, whereby

movement of the second ring with respect to the first ring is enabled.

The graft material extending between the first and second rings
provides an arrangement which enables movement of the second ring with
respect to the first ring such as by orbital or eccentric movement of the
second ring with respect to the first ring or by an angular movement of the

second ring with respect to the first ring.

Preferably the first ring and the second ring are formed from wire such
as nitinol wire, stainless steel wire or any other biocompatible elastic material.
There may be two or three turns of wire for each ring. The wire from which
the rings may be formed may have a diameter or thickness of from

approximately 35 microns to approximately 500 microns.

In one embodiment the first ring and the second ring may be joined by
a hinge arrangement. The hinge arrangement may be an integral wire hinge.
That is the hinge arrangement may be formed by a portion of the wire or other

material from which the rings are made.
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In a further embodiment there may be a third ring intermediate the first
and second rings. The third ring may be joined to the other rings by an
integral hinge and be formed from nitinol wire or the like. In one embodiment
the first and second rings may be substantially at right angles to each other
and the third ring is between them at an angle of about 45° to each of them.

The third ring can provide extra support to a graft material tube fastened to it.

The graft material extending between the first ring and the second ring
can be concentrically corrugated whereby to allow flexible positioning of the

second ring within the first ring.

Alternatively the graft material extending between the first ring and the
second ring can be formed from a biocompatible elastic material whereby to

allow flexible positioning of the second ring within the first ring.

The graft material extending between the first ring and the second ring
may alternatively be of a substantially frusto-conical shape and extend into or

away from the stent graft.

There may be further included radiopaque markers around or

concentric with each fenestration. The radiopaque markers may be formed

from a biocompatible heavy metal such as gold.

In one arrangement the first ring and the second ring can be
substantially concentric or alternatively the second ring can be off-center

within the first ring.

Hence the second ring can be joined to the first ring by an integral
hinge and the graft material extending between the first ring and the second
ring provides a skewed frusto-conical extension into or away from the stent

graft whereby the smaller aperture is directed towards a selected end of the

stent gratft.
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In an alternative form, the invention is said to reside in a stent graft
comprising a tubular body of graft material, a plurality of self expanding stents
assoctated with the tubular body to define in use a fluid flow path through the
stent graft when the self expanding stents are in their expanded
configurations, at least one fenestration in the tubular body, each fenestration
having an inner ring and an outer ring and graft material extending from the
inner ring to the outer ring and the outer ring being received in the tubular
body of graft material, each fenestration adapted to receive a side arm stent
graft therein whereby to provide a fluid flow path from the tubular body and

through the side arm stent graft.

In an alternative form, the invention is said to reside in a stent graft
comprising a tubular body of graft material, a plurality of self expanding stents
associated with the tubular body to define in use a fluid flow path through the
stent graft when the self expanding stents are in their expanded
configurations, at least one fenestration assembly mounted about an aperture
in the tubular body, each fenestration having an inner ring, an outer ring and
an intermediate ring and graft material extending from the inner ring to the
outer ring and fastened to the intermediate ring and the outer ring being
mounted into the tubular body of graft material, each fenestration adapted to
receive a side arm stent graft therein whereby to provide a fluid flow path from

the tubular body and through the side arm stent gratft.

The fenestration may include a graft material tube extending from the

inner ring and at least one self expanding stent on the graft material tube

extending beyond the inner ring.
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The fenestration assembly may be mounted into an aperture in the wall
of a stent graft so that the fenestration assembly extends inside or outside of
the stent graft. Further the fenestration assembly may extend distally or
proximally from the fenestration depending upon whether the physician using
the device wishes to deploy a guide wire and subsequently a side arm stent
graft into the fenestration assembly from a distal or proximal end of the vessel

into which the stent graft is deployed.

The graft material may be a synthetic material such as Dacron”,
THORALON ", expanded polytetrafluoroethylene (ePTFE), or other synthetic
biocompatible material. Alternatively a naturally occurring biomaterial, such
as collagen, is highly desirable, particularly a specially derived coliagen
material known as an extracellular collagen matrix (ECM) material, 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
Badylak et al., U.S. Patent No. 4,902,508; Intestinal Collagen Layer described
in U.S. Patent No. 5.733,337 to Carr and in 17 Nature Biotechnology 1083
(November 1999); Cook et al., WIPO Publication WO 98/22158, qated
28 May 1998. 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 U.S. Patent Nos.
5 968.096: 5,955, 110; 5,885,619; and 5,711,969. Animal data show that the
SIS used in venous valves 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
Polypeptides (ELPs) and the like offer potential as a material to fabricate the
covering or frame to form a device with exceptional biocompatibility. Another

alternative would be to use allographs such as harvested native valve tissue.

Such tissue is commercially available in a cryopreserved state.
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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.

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.

U.S. Patent No. 6206931 entitled "Graft Prosthesis Materials”
discloses graft prosthesis materials and a method for implanting,
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.

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

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

US. Patent No. 6524335 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 present invention.
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U.S. Patent No. 6,974471 and PCT Patent Publication No.
WO 03/034948 entitled "Prostheses For Curved Lumens" disclose prostheses
with arrangements for bending the prosthesis for placement into curved
lumens. This feature and other features disclosed in U.S. Patent
No. 6,974,471 and PCT Patent Publication No. WO 03/034948 could be used

with the present invention.

U.S. Patent No. 7,803,177 entitled "Trigger Wire System” discloses
release wire systems for the release of stent grafts retained on introducer
devices. This feature and other features disclosed U.S. Patent No. 7,803,177

could be used with the present invention.

U.S. Patent No. 6939370 entitled "Thoracic Aortic Stent Graft
Deployment Device" discloses introducer devices adapted for deployment of
stent grafts particularly in the thoracic arch. This feature and other features

disclosed in U.S. Patent No. 6,939,370 could be used with the present

invention.

U.S. Patent No. 7,232,459 entitled "Thoracic Aortic Aneurysm Stent
Graft" discloses stent grafts that are useful in treating aortic aneurysms

particularly in the thoracic arch. This feature and other features disclosed In

U.S. Patent No. 7.232,459 could be used with the present invention.

U.S. Patent No. 7.238,198 entitied "Stent-Graft Fastening" discloses

arrangements for fastening stents onto grafts particularly for exposed stents.
This feature and other features disclosed in U.S. Patent No. 7,238,198 could

be used with the present invention.

U.S. Patent No. 7,722,657 entitled "Asymmetric Stent Graft
Attachment" discloses retention arrangements for retaining onto and releasing
prostheses from introducer devices. This feature and other features disclosed

in U.S. Patent No. 7,722,657 could be used with the present invention.
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U.S. Patent Publication No. 2003/0120332 discloses 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 Publication No. 2003/0120332 could be used with the present

invention.

U.S. Patent No. 7,294,147 entitied "Composite Prosthesis" discloses
prostheses or stent grafts suitable for endoluminal deployment. These
prostheses and other features disclosed in U.S. Patent No. 7,294,147 couid

be used with the present invention.

Brief Description of the Drawings

This then generally describes the invention but to assist with
understanding, reference will now be made to the accompanying drawings

which show preferred embodiments of the invention.

In the drawings:

Figure 1 shows a side view of a stent graft including a first embodiment

of fenestration assembly according to the present invention;

Figure 2 shows a cross-section view of a stent graft including the

fenestration assembly shown in Figure 1,

Figure 3 shows the embodiment shown in Figure 2 with the

fenestration offset within the fenestration assembly;

Figure 4 shows a second embodiment of fenestration assembly In a

stent graft according to the present invention;

Figure 5 shows a cross-sectional view of the embodiment shown In

Figure 4;

Figure 6 shows a wire ring arrangement to provide a fenestration

according to one embodiment of the invention;



10

15

20

25

CA 02540836 2011-03-30

-9-

Figure 7 shows a portion of the human aorta with a stent graft

according to the present invention deployed therein:;

Figure 8 shows a multiple ring arrangement suitable for a fenestration

assembly according to an alternative embodiment of the invention;

Figure 9 shows the mulitiple ring arrangement of Figure 8 with graft
material stitched onto it;

Figure 10 shows a stent graft with a fenestration assembly according to

Figures 8 and 9 mounted into it; and

Figure 11 shows a detailed view of an alternative embodiment of

fenestration assembly according to the present invention.

Detatled Description

Now looking at the drawings in more detail and particularly the first

embodiment of the invention shown in Figures 1 to 3.

In Figures 1 to 3 there is shown a stent graft 1 which is a substantially
tubular body or wall 2 of graft material and may include self expanding or
balloon expandable stents in a well known manner but these are not shown In
these illustrations. The tubular body 2 provides a flow path through it for
blood or other bodily fluids. To enable a flow path to be established to a
branch vessel from a vessel into which the stent graft 1 is deployed, there is
provided a fenestration assembly generally shown as 3. The fenestration
assembly 3 includes an outer ring 5 in the tubular wall 2 and an inner ring 7
joined by a portion of a biocompatible graft material 9 to the outer ring 5. In
this embodiment the portion of graft material 9 is in a conic form with circular
or concentric corrugations or can be formed from some other biocompatible
flexible material so that, as shown in Figure 3 for instance, the inner ring 7 can
be displaced transversely within the outer ring 5 so that the inner ring 7 can

essentially take up a range of positions within the outer ring 7 so that
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misalignment between the stent graft and the branch vessel may be allowed
for both longitudinally or transversely. There may be provided radiopaque
markers 11 around the inner ring 7 and if desired also around the outer ring 5
to enable visualisation of the ring with respect to the branch vessel by suitable
radiographic techniques when the stent graft is deployed within a human or

animal body.

The outer and inner rings 5 and 7 may be manufactured from one, two
or three turns of a resilient wire or similar material with the graft material 9
sewn to them with stitching 13. The resilient wire from which the rings 5 and 7
are formed enables the stent graft to be compressed into a contracted

condition on a deployment device for deployment using a deployment device.

Figures 4 and 5 show an alternative embodiment of stent graft

according to the invention.

In this embodiment, the stent graft again comprises a tubular body 20
and may include self expanding or balloon expandable stents in a well
known manner but these are not shown in these illustrations. A fenestration
assembly 22 is in a wall 21 of the tubular body 20. The fenestration
assembly 22 comprises an outer ring 24 and an inner ring 26. Joining the
inner and outer rings is a substantially funnel or frusto-conical shaped portion
of graft material 28 which is skewed so that the inner ring 26 is much closer to
the outer ring 24 at the lower end 29 of the fenestration assembly than the
upper end 30. The short piece of material 31 at the end 29 in effect provides
a hinge arrangement between the outer ring 24 and the inner ring 26. The

inner ring 26 provides an aperture or fenestration 32 through which a side

branch stent graft may be deployed.
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The inner ring 26 can move angularly with respect to the outer ring 24
so as to allow for misalignment of the fenestration with the branch vessel

when the stent graft 20 is positioned within a body lumen.

It will be noted, too, that the open aperture in the smaller ring is
directed towards one end of the stent graft. This can be varied to face
towards one end or the other of the stent graft depending upon what direction
the physician is intending to approach the fenestration. For instance in

deployment into the aorta a physician may use either a brachial or a femoral

approach.

Figure 6 shows one embodiment by which a ring system may be used
to provide an integral hinge arrangement between an outer ring and an inner

rng.

In Figure 6 a ring system 38 comprises an outer ring generally shown
as 40 formed from several turns of resilient wire such as nitinol or stainless
steel wire and an inner ring generally shown as 42 formed from a number of
turns of resilient wire such as nitinol or stainless steel wire. Preferably there is
a single piece of wire which forms both the inner and outer rings together
connected by a portion or portions of wire to provide an integral hinge

arrangement between the inner ring 42 and outer ring 40.

In the embodiment shown, the wire 44 commences at a termination
loop 46 and has one and a half turns of the outer ring 40 and then extends to
the inner ring 42 and does one complete turn of that ring before
recommencing a further turn of the outer ring. Just before the completion of
one full turn of the outer ring there is a sharp bend 48 and the wire does most

of a turn of the inner ring 42 before another sharp bend 49 in which the wire
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recommences a turn of the outer ring 40 until it gets to the final termination
loop 51. Each of the termination loops 46 and 51 are provided so that there is
not any "sharp” end of the wire which may tend to puncture the graft material
or the vasculature. The use of nitinol or other resilient wire enables the device
to be compressed when it is constrained for deployment in a deployment

device.

Figure 7 shows a schematic aorta 60 which has an aneurysm generally
shown as 61 in it. The aneurysm or expanded portion of the aorta in this case
includes the entrances to the renal arteries 62 and 64 within the aneurysmal
region. A stent graft generally shown as 66 has been deployed to bridge or
span the aneurysm 61. It will be noted that in the stent graft 66 there are two
fenestration assemblies 68 of the type shown in Figures 4 and 5 and these
have been positioned so that their apertures approximate the positions of the

renal arteries 62 and 64. The stent graft 66 includes a number of self

expanding zig-zag or Z stents 67 of the well-known Gianturco type.

In the left hand side of Figure 7 the stent graft is shown Iin an as

deployed condition before a side branch stent graft has been deployed and on

the right hand side of the drawing in Figure 7, a side branch stent graft has

been deployed through the fenestration.

As can be seen on the left hand side of the drawing, the fenestration
assembly has its inner ring 65 and hence its opening facing slightly towards
the distal end 70 of the stent graft so that when a physician is attempting to
deploy a guide wire from the aorta into the side branch through the stent
graft 66 it will be somewhat easier to guide the guide wire through the

aperture in the fenestration assembly 68.
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It will be noted that, on the right hand side of the drawing, after the side
pbranch stent graft 69 has been deployed, the inner ring 73 of the fenestration
assembly 68 is engaged around the outside of the side branch stent graft 69
and the inner ring 73 has hinged to a more vertical position which means that
the graft material 75 joining the inner ring 73 and the outer ring 76 of the
fenestration assembly 68 is now not taut but in this condition still provides a

leak proof seal for the fenestration.

The resilient inner ring provides a good sealing and retention surface

for the proximal end of the side branch stent graft 69. The side branch stent

graft 69 may have stents of a balloon expandable or of a self expanding type.

Figure 8 shows a multiple ring arrangement suitable for a fenestration
assembly according to an alternative embodiment of the invention. This
embodiment shows an alternative embodiment by which a ring system may
be used to provide a hinge arrangement between an outer ring and an inner
ring and at the same time provide an intermediate ring to give support o a
graft material tube associated with the fenestration. The ring system 30
includes an outer ring system 82, an inner ring system 84 and an intermediate
ring system 86. In this embodiment each of the outer ring system 82 and
inner ring system 84 and the intermediate ring system 86 are formed from a
continuous length of nitinol or other resilient wire with each having at least two
turns of the wire. Each of the termination loops 87 and 88 of the single length

of wire are provided so that there is not any "sharp" end of the wire which may
tend to puncture the graft material or the vasculature. The use of nitinol or

other resilient wire enables the device to be compressed when it Is

constrained in a deployment device for deployment.
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Figure 9 shows the multiple ring arrangement of Figure 8 with a tube of
graft material stitched onto it. The graft material tube 90 passes through and
is stitched by stitches 91 to each of the rings 84 and 86 and one end Is
stitched around the ring 82 and the other end of the tube of graft matenal
extends beyond the inner ring 84 in the form of an extension tube 92. The
extension tube 92 has a self expanding zig-zag Z stent 94 of the Gianturco
type fastened to it. The use of the intermediate ring gives additional
clearance for the graft material tube of the side arm extension tube 92 from
the main stent graft. This should assist a physician when attempting to deploy
a guide wire into a renal or other artery from the main stent graft through the

fenestration assembly.

Figure 10 shows a stent graft with a fenestration assembly according to
Figures 8 and 9 mounted into it. The stent graft 100 has a tubular graft
material body 102 with a proximally extending exposed stent 104 and a
plurality of self expanding stents 106 intermediate the ends. A fenestration
assembly 108 is mounted to an aperture 107 in the tubular graft material
body 102 such that the extension tube 92 with its self expanding zig-zag Z

stent 94 of the Gianturco type fastened to it extends distally from the aperture.

Figure 11 shows a detailed view of an alternative embodiment of
fenestration assembly according to the present invention. In this embodiment
the same reference numerals will be used as in Figures 4 and 5 for
corresponding items. The wall 21 of a stent graft 20 has a fenestration
assembly 22 mounted therein. The fenestration assembly 22 comprises an
outer ring 33 and an inner ring 34. Each of the inner and outer rings is formed
from two or three turns of a nitinol or resilient material wire. Joining the inner
and outer rings is a portion of biocompatible elastic graft material 35 such as
expanded polytetrafluoroethylene (ePTFE) or commercially available
THORALON™ material. The biocompatible elastic or flexible graft material 35
enables the inner ring 34 to move transversely with respect to the outer

ring 33 to facilitate alignment of the fenestration aperture 36 with a branch

vessel into which the stent graft is deployed.



CA 02540836 2011-03-30

- 15 -

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

1. A stent graft including at least one fenestration assembly, the
fenestration ass.embly including a first ring defining a first aperture in a wall of
B the stent graft and a second ring defining a smaller aperture within the first
" ring, the first ring and the second ring being joined by an integral hinge
arrangement and graft material extending between the first and second ring
whereby movement of the second ring with respect to the first ring is enabled.
2. A stent graft as in Claim 1 wherein the graft material extending between

10 .the first and second ring enables an angular movement of the second ring with

- respect to the first ring.

3. A stent graft as in Claim 1 wherein the first ring and the second ring are
formed from wire. " '
4. A stent graft as in Claim 3 wherein wire is selected from the group

15 comprising Nitinol wire, stainless steel wire or any other biocompatible
resilient material.

b. A stent graft as in Claim 3 wherein the integral hinge arrangement is an

| integral wire hinge.
6. A stent graft as in Claim 1 wherein the graft material extending between
20  the first ring and the second ring is concentrically corrug.atedrwhereby to allow
flexible positioning of the second ring within the first ring.
7. A stent graft as in Claim 1 wherein the graft material extending between
the first ring and the second ring Is forméd from a biocompatible elastic
material whereby to allow flexible po_sitioning of the second ring within the first
25 ring. ’ '
8.

the ﬂrét r'ihg and the second ring 1s of a substantially frusto-conical shape ana

A stent graft as in Claim 1 wherein the graft material extending between

extending into the stent graft.

9. A stent graft as in Claim 1 further including radiopaque markers around -

or concentric with the or each fenestration.
10.

A stent graft as in Claim 9 wherein the radiopaq*ueﬁmarkers are formed

from a biocompatible heavy metal.
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1 1 A stent araft as in Claim 1 wherein the second ring is off-centre within
thé fifs‘t ring.
12. u A stent graft as in Claim 1 wherein the graft material extending between
~ the first ring and the second ring provides a skewed frusto-conical extension
5 into the stent graft whereby the smaller aperture is directed towards a selected

end of the stent graft.

13. A stent graft as in Claim 1 further including a third r'ingI intermediate the
first and second rings. "

14 A stent graft as in Claim 13 wherein the third ring is joined to the other
10  rings by anvih'tegral hinge.

15. A stent graft as in Claim 13 wherein the third ring is formed from Nitinol

wire, stainless steell wire or any other biocompatible resilient material..

16. A stent graft as in Claim 15 wherein the first and second rings are

substantially at right angles to each other and the third ring is between them at

15  an angle of about 45 to each of them.

17. A stent graft as in Claim 1 wherein the wall of the stent graft is formed

. from a material selected from the group comprising a biocompatible synthetic

material, expanded polytetrafluoroethylene (ePTFE), a naturally occurring

biomaterial and an extracellular collagen matrix (ECM).
20 18.

plurality of self expanding stents associated with the tubular body to define in

A stent graft as in Claim 1 comprising a tubular body of graft material, a

use a fluid flow path through the stent graft when the self expanding stents are
in their expanded configurations, the at least one fenestration assembly

mounted about an aperture in the tubular body, the or each fenestration
25

assembly having the first ring, the second ring and an intermediate ring and
graft material extending from the first ring to the second ring and fastened to
the intermediate ring and the first ring being mounted into the tubular body of

graft material, the or each fenestration-assembly adapted to receive a side arm

stent graft therein whereby to provide a fluid flow path from the tubular body
30 and through the side arm stent gratft.

18. A stent graft as in Claim 18 wherein the fenestration assembly includes a
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; graft material tube extending from the second ring and at least one self

expanding stent on the graft material tube extending beyond the second ring.
20,

mounted into the apertu re in the wall of a stent graft so that the fenestratlon

A-stent-graft as-in-Claim 18 wherein the fenestration assembly is

b assembly extends msnde of the stent graft.
21.

mounted into the aperture in the wall of a stent graft so that the fenestration

A stent graft as in Claim 18 wherein the fenestration assem"bly 1S

assembly extends outside of the stent graft.

22. A stent graft as in Claim 18 wherein the fenestration assembly extends

10  distally from the aperture.

o
1

23. A stent graft as in Claim 18 wherein the fenestration assembly extends

proximally from the aperture.
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