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(57) Abstract: A balloon expandable stent (12) in its contracted condition is carried on an elongate balloon (10) so that a distal end
(11) of the balloon extends beyond the stent, whereby, after deployment of the stent into a side vessel, the end (11) of the balloon is
expanded to cause the end of the stent to flare to engage a stent member in a main vessel. The stent (12) and balloon (10) are provided
in a balloon catheter having a balloon lumen (16) at a proximal end and a connection arrangement (4) for a source of inflation fluid
at a distal end of the balloon catheter. The balloon comprises a compliant or semi-compliant material.
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BALLOON FOR STENT MEMBER

Description
Technical Field

This invention relates to the insertion of endovascular stent members, and
more particularly to balloon expandable stents. The devices may be used for the

placement of branch stents into fenestrated grafts.

Backaround of the Invention
It is known to place a fenestrated stent graft into the vasculature of a patient

and to subsequently place a balloon expandable stent through the fenestration into
a branch vessel and to expand the balloon expandable stent in situ to enable a flow
path from the lumen of the stent graft into the branch vessel. |

US Patent 6,645,242 discloses a bifurcated side-access stent graft in which
a balloon catheter may be deployed tc expand and hold a stented graft member so
as to form a fluid tight seal with a main body vessel.

There have been proposals to subsequently deploy a balloon catheter to flare
out a portion of the side branch stent to more firmly lock the branch stent into the
fenestration of the stent graft.

Summary ot the Invention

For example, WO 2005/034807 discloses an arrangement in which a first
balloon is used to expand a portion of a stent against the walls of a side branch
artery and a second balloon is used to flare the end of the stent against the inside
wall of a main graft. Furthermore, WO 2005/099629 also discloses an
arrangement with two balioons which are inflated in separate operations. The
balloons may be of different diameters. The flaring balloon can comprise a
compliant material and the side branch balloon can comprise a semi-compliant or
non-compliant material. The balloons may be separate sections of a “single”
balloon.

Operation of the arrangements described in the preceding paragraph is time
consuming and aspects of the present invention seek to provide an improved

arrangement to simplify the process or to at least provide the practitioner with a

useful alternative.
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EP 1 475 054 A discloses a combination of an elongate, balloon-
expandable stent member and a single elongate balloon arranged therein, the

balloon extending throughout substantially all of the stent member and extending
beyond at least one end of the stent member.
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Throughout this specification the term distal with respect to a portion of the
aorta, a deployment device or a prosthesis is the end of the aorta, deployment device
or prosthesis further away in the direction of blood flow away from the heart and the
term proximal means the portion of the aorta, deployment device or end of the
prosthesis nearer to the heart. When applied to other vessels similar terms such as
caudal and cranial should be understood. |

According to a first aspect of the present invention, there is provided the
combination of an elongate, balloon-expandable stent member and a single elongate
balloon arranged therein, the balloon extending throughout substantially all of the
stent member and extending beyond at least one end of the stent member,
characterised in that the material of the balloon where it extends beyond said e'nd IS
more compliant than the material of the rest of the balloon.

The above arrangement is simpler and cheaper to manufacture and
simpler and quicker to deploy.

The balloon preferably extends beyond both ends of the stent member, so
that the stent member is firmly held in the side branch artery. It preferably extends
further beyond the end of the stent member adjacent the main graft than the other
end. It preferably extends beyond the end adjacent the main graft by at least 10% of
the length of the stent member, more preferably between 10% and 25% and most
preferably between 12% and 15%. This range of lengths enables the protruding
portion to bridge any gap between the end of the side branch artery and the main
graft and to allow a sufficient length at the end of the stent member to be flared by
the balloon to firmly engage the interior of the main graft. The arrangement also
allows the portion of the stent member between the end of the side branch artery and
the main graft to expand into ény remaining space in the main vessel; this assists in
holding the stent member in position,

The material of the balloon is preferably of substantially uniform thickness
and/or the balloon is of substantially constant size along its length, both when inflated
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and non-inflated. Thus a conventional balloon can be employed having a single inlet
for inflation, and this involves no additional manufacturing costs

CA 02660391 2009-02-09 AMENDED SHFET
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Preferably the balloon is formed from a material which is selected from the
group comprising polyurethane, vinyl, latex, silicone rubber or other elastic
biocompatible material.

According to a second aspeét of the present invention, there is provided a
catheter with a combination according to the first aspect at a proximal end thereof,
the catheter having a single connection means for a balloon inflation fluid at a distal
end thereof and an inflation lumen capable of supplying the inflation fluid to the
balloon.

~ Preferably the catheter includes a guide wire lumen therethrough.

In one embodiment the guide wire lumen may extend from the proximal
end of the catneter and exit the catheter intermediate the proximai and distal ends of
the catheter such that the catheter can be used with a rapid exchange system.

Preferably the balloon catheter comprises a proximal soft tip to prevent
trauma to a vessel during deployment. The proximal tip can be formed from or
incorporate a radiopaque material to enable visualisation of the tip of the balloon
catheter. '

Preferred embodiments of the present invention will now be described, by
way of example only, with reference to the accompanying drawings, of which:

Figure 1 depicts a balloon catheter according to one embodiment of the
present invention;

Figure 2 shows a detailed view of the balloon portion of the balloon
catheter of Figure 1;

Figure 3 shows a longitudinal section view of the embodiment shown in
Figure 2;

CA 026603921 2009-02-09 AMENDED SHEET
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Figure 4 shows an alternative embodiment of balloon catheter with a rapid
exchange system and incorporating a balloon expandable stent according to the

present invention;

Figure 5 shows a detailed view of the balloon portion and part of the

catheter of the balloon catheter of Figure 4;

Figure 6 shows one view of how a balloon catheter carrying stent graft

thereon can be deployed through a fenestration into a renal artery; and

Figure 7 shows a further stage in the deployment process of Figure 6.

Detailed Description

Now looking more closely at the drawing and in particular the embodiment
shown in Figures 1 to 3 will be seen that the balloon catheter generally shown as 1
includes a catheter 2 with a distal end 3 which in use remains outside a patient and
includes a first female Luer lock connector 4 on the distal end of the catheter 2 and a

second female Luer lock connector 5 on a side tube 6 extending from a junction 7 on
the catheter 2. |

As can be seen in more detail in Figure 2, on a widened part of the proximal
portion 13 of the balloon catheter there are provided a balloon 10 and a balloon
expandable stent 12 carried on the balloon 10. The expandable stent is in a
contracted or compressed condition for deployment. The balloon 10 is of
substantially uniform thickness throughout and has substantially the same diameter
before inflation along its entire length, except its ends. There is a portion 11 of the
balloon 10 which is not covered by the stent 12 at the distal end of the balloon and
which is more compliant than the material of the rest of the balloon. When the
balloon is expanded (shown in Figure 7) the exposed portion 11 will expand slightly
more than the remainder of the balloon which will assist with flaring the end of the
stent as discussed below.

AMENDED SHEET
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5 and the guide wire lumen 8 is in communication with the Luer lock connector 4.
Inflation fluid is therefore supplied through the female Luer lock connector 5 and
contrast medium to assist with confirmation of placement can be supplied through
the Luer lock connector 4 and the guide wire lumen 8.

The tip portion 9 at the proximal end of the ballocon catheter 1 terminates in
a soft tip 9 to prevent trauma to a vessel during deployment. The proximal tip
portion 9 of the balloon catheter is preferably formed from or incorporates a
radiopaque material to enable visualisation of the tip of the balloon catheter.

Figures 4 and 5. show an alternative embodiment of balloon catheter according
to the present invention.

In this embodiment the balloon catheter 50 has a catheter 58 with a distal end
52 which includes a female Luer lock connector 54. The catheter 58 incorporates
a gUide wire lumen 60 along part of it length from the proximal end as particularly
seen in Figure b. The guide wire lumen 60 extends completely through the proximal
balloon portion 62 but the guide wire lumen exits from the catheter 58 at a point 63
intermediate the proximal and distal ends of the catheter 58 of the so that the
proximal portion of the balloon catheter 50 can be deployed over a guide wire 64 as
shown schematically in Figure 4. This arrangement is known as a rapid exchange
system. A balioon expandable stent 66 is carried on the balloon 68 in a contracted
condition for deployment. A portion 69 of the balloon 68 extends beyond the distal
end of the balloon expandable stent 66. An inflation lumen 70 in the catheter 58
allovx}s inflation fluids to be supplied through the inflation lumen 70 to a balloon
lumen 72 of the balloon 68. The inflation lumen 70 is in fluid communication with the
Luer lock connector 54. Inflation fluid is therefore supplied through; the female Luer
lock connector 54. A further lumen (not shown) and connector may be provided to
supply contrast medium to assist with confirmation of placement.

Figure 6 and 7 show various stage in deploying a balloon expandable stent in
a fenestration of a stent graft according to one embodiment of the invention.

In this embodiment a main stent graft 30 has been placed into an aorta which

has an aorta wall 31 and a renal artery 32 extending from the aorta. The stent graft

30 has been positioned in the aorta such that a fenestration 41 in the wall of the

main stent graft 30 opens into the renal artery 32 defined by the artery wall 37. A
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guide wire lumen 60 along part of it length from the proximal end as particularly seen
in Figure 5. The guide wire lumen 60 extends completely through the proximal

balloon portion 62 but the guide wire lumen exits from the catheter 58 at a point 63 -

intermediate the proximal and distal ends of the catheter 58 of the so that the
proximal portion of the balloon catheter 50 can be deployed over a guide wire 64 as
shown schematically in Figure 4. This arrangement is known as a rapid exchange
system. A balloon expandable stent 66 is carried on the balloon 68 in a contracted
condition for deployment. A portion 69 of the balloon 68 extends beyond the distal
end of the balloon expandable stent 66 and is more compliant than the rest of the
balloon. Aninflation lumen 70 in the catheter 58 allows inflation fluids to be supplied
through the inflation lumen 70 to a balloon lumen 72 of the balloon 68. The inflation
lumen 70 is in fluid communication with the Luer lock connector 54. Inflation fluid is
therefore supplied through the female Luer lock connector 54. A further lumen (not
shown) and connector may be provided to supply contrast medium to assist with
confirmation of placement. |

Figure 6 and 7 show various stage in deploying a balloon expandable stent in
a fenestration of a stent graft according to one embodiment of the inyentidn.

In this embodiment a main stent gréft 30 has been placed into an aorta which
has an aorta wall 31 and a renal artery 32 extending from the aorta. The stent graft
30 has been positioned in the aorta such that a fenestration 41 in the wall of the main
stent graft 30 opens into the renal artery 32 defined by the artery wall 37. A balloon
catheter 36 carrying a balloon expandable stent 34 in a contracted condition thereon
accoraing to this embodiment of the invention has been deployed over a guide wire
38 so that the proximal end 39 of the balloon catheter 36 extends through the
fenestration 41 into the renal artery 32 and the distal end 40 remains within the main
stent graft 30. The balloon 46 of the balloon catheter 36 is then inflated as shown in
Figure 7 and this expands the proximal portion 43 of the stent 34 into the renal artery.

Simultaneously, the distal portion 48 of the balloon 46 which is less restrained by the
stent 34 and the fenestration 41 is expanded to a larger diameter which causes the
distal end 44 of the stent 34 to flare out inside the main stent 30 so that the branch
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stent 34 is locked into place in the fenestration 41 and extending into the renal artery
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The balloon 46 is then deflated and the balloon catheter 36 is then withdrawn
over the guide wire 38 and removed from the patient.

It may be particularly noted in Figure 7 that as the balloon 46 is of a compliant
or semi-compliant nature it tends to inflate more where it is less restrained such that
the end 44 of the stent 34 is flared out but the adjacent portion 50 of the stent 34
which is just outside the fenestration 41 is also expanded where it is not restrained by
the artery wall 37. This gives a very positive locking of the stent 34 into the
fenestration. |

The above-described embodiments have a number of advantages. In
particular, the use of only a single balloon means that assembly of the arrangement is
simpler and cheaper. Also, only one inflation path is required. The balloon is of
uniform construction, so no special manufacturing techniques are required. In
addition, the deployment of the stent member is simpler and quicker because only a
single inflation operation is needed. A single balloon simultaneously achieves the
desired expansion of the stent in the side branch artery, the flaring of the stent end in
the main graft, and also offers the possibility of expanding the stent just dutside the
fenestration as shown in Figure 7. This last feature is an advantage over WO
2005/099629 in particular, in which any pressure exerted by the flaring balloon at the
corresponding location would be taken up by compression of the already-deployed
radially-inwardly-disposed side branch balioon.

Various modifications may be made to the above described arrangements.
For example, the material of the extending exposed portion 11, 69 of the balloon is
arranged to be more compliant than the material of the rest of the balloon by being
made of a different material and/or having a lower thickness. For example, the
portion 11, 69 may be semi-compliant, with the rest of the balloon being substantially

hon-compliant.
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CLAIMS

1. The combination of an elongate, balloon-expandable stent member and a
single elongate balloon arranged therein, the balloon extending throughout
substantially all of the stent member and extending beyond at least one end of "the
stent member, characterised in that the material of the balloon where it extends
beyond said end is more compliant than the material of the rest of the balloon. |

2. A combination according to claim 1, wherein the balloon extends beyond both
ends of the stent member.

3. A combination according to claim 2, wherein the balloon member extends

further beyond one end of the stent member than beyond the other end of the stent
member. |

4, A combination according to any precedin‘g claim, wherein the balloon extends
beyond said one end of the stent member by a distance corresponding to at least one
tenth of the length of the stent member.

5. A combination according to claim 4, wherein the distance is between 10% and
25% of the length of the stent member.

6. A combination according to claim 5, wherein the distance is between 12% and
15% of the length of the stent member.

7. A combination according to any preceding claim, wherein the material of the

balloon is of substantially uniform thickness.
8. A combination according to any preceding claim, wherein, in an uninflated

condition, the balloon has a substantially constant diameter along substantially all its
length.

CA 02660391 2009-02-09 AMENDED SHEET
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9. A combination according to any preceding claim, wherein the balloon is formed
from a material which is selected from the group comprising polyurethane, vinyl,
latex, silicone, rubber or other elastic biocompatible material.

10.  An assembly comprising a balloon catheter with a combination according to
any preceding claim at a proximal end thereof, the catheter having a single
connection means for a balloon inflation fluid at a distal end thereof and an inflation
lumen capable of supplying the inflation fluid to the balloon.

11.  Anassembly according to claim 10, wherein the catheter includes a guide wire
lumen therethrough. |

12. An aséembly according to claim 11, wherein the guide wire lumen exits the
catheter intermediate the proximal and distal ends of the catheter.

13.  Anassem bly according to any of claims 10 to 12, wherein the balloon catheter
comprises aoproximal soft tip.

14.  Anassembly according to any of claims 10 to 13, wherein the balloon catheter

¢omprises a proximal tip formed from or incorporating a radidpaque material to
enable visualisation of the tip of the balloon catheter.
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