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SELF-EXPANDING BIFURCATION STENT
AND DELIVERY SYSTEM

TECHNICAL FIELD OF THE INVENTION

This invention relates to a system and apparatus for treating
vascular disease, and in particular to a design of self-expanding stent
delivery sleeve and self-expanding stent, and to a method of deployment
of self-expanding stents in a bifurcation lesion. The system and apparatus
could also be applied to bifurcation lesions in non-vascular structures,

such as the gastro intestinal tract.

BACKGROUND TO THE INVENTION

Vascular disease commonly involves the development of stenotic
lesions in the vasculature. Such lesions commonly occur at bifurcations,
where a parent vessel divides into two branch vessels. Bifurcation lesions
remain difficult to treat, but a common form of treatment is the use of

vascular stents.

There are two main categories of stents: balloon-expandable
stents and self-expanding stents. International Patent Application No.
PCT/US98/03553 (International Publication No. WO 98/36709) describes
a stent and stent delivery system involving balloon-expandable stents,
used in the management of bifurcation lesions. That patent specification
describes the problems associated with treating or managing bifurcation

lesions.

Self-expanding stents are another type of stent used to treat
coronary and peripheral vascular lesions including those in the carotid,
renal and aorto-iliac vessels. They are particularly suited to the treatment
of stenotic lesions in the carotid vessels, which frequently involve the

bifurcation of the common with the internal and external carotid. Balloon-
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expandable stents are usually made of stainless steel and are reasonably
rigid in expanded form. This makes them of particular value in the
treatment of coronary vessels. Self-expanding stents are often made of
stainless steel or of nitinol. Nitinol resists compression and returns to its
previous shape following transient compression. Nitinol self-expanding
stents are particularly suited to carotid lesions, where the stent may be

distorted by neck movement.

The patent specification accompanying PCT/US98/03553
describes a system whereby separate guidewires may be positioned in
each of the branch vessels of a bifurcation. A first balloon-expandable
stent, mounted on its delivery balloon and advanced over both the first
guidewire and the second guidewire which exits from a hole in a mid-side
portion of the stent and its balloon, is advanced in to the first branch
vessel at the region of the bifurcation, and deployed. A second stent may
then be advanced along the second guidewire through the hole in the first
stent (located at the ostium to the second branch) and positioned in the
second branch at the region of the bifurcation. With this balloon-
expandable system, both stents may be accurately positioned and fixed in
place by expansion of the balloon without the need to move either

guidewire.

A problem arises with self-expanding stents in that such stents
are retained in their constrained form by a sheath or sleeve which must be
withdrawn or rolled back to enable the stent to expand. The stent cannot
be secured in a preferred position in a blood vessel until at least a part of
it is in its expanded form. The sleeves of conventional self-expanding
stents do not include a hole adapted to enable a second guidewire to exit
to the second branch of a bifurcation, and even if they did it would not be
possible (with such conventional sleeves) to retain the second guidewire
in place whilst the sleeve is withdrawn to secure the position of the distal

end of the first stent.
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Thus, it is an object of the present invention to provide a self-
expanding stent, a delivery system for such stents and a method of
delivery of self-expanding stents which reduces or overcomes the
abovementioned problems, or which at least provide the public with a

useful alternative.

Other objects of the invention may become apparent from the

following description which is given by way of example only.

SUMMARY OF THE INVENTION

According to one aspect of the present invention there is
provided a stent delivery sleeve adapted for the delivery of a self-
expanding stent at a bifurcation in a parent vessel, the bifurcation
bifurcating the parent vessel into first and second branch vessels, and the
sleeve adapted to constrain the self-expanding stent in restricted form and
enable expansion of the stent by withdrawal of the sleeve, the stent
delivery sleeve including a substantially tubular vessel having a first outlet
at a distal end and a second outlet through a side portion of the tubular
vessel at a distance sufficiently remote from the distal end to enable a
distal portion of the tubular vessel, in use of the stent delivery sleeve, to
be located within the first branch vessel whilst the second outlet is
located at the ostium to the second branch vessel and a proximal portion

of the tubular vessel is disposed in the parent vessel.

According to a second aspect of the invention there is provided a
stent delivery system adapted for the delivery of a self-expanding stent at
a bifurcation, the bifurcation bifurcating a parent vessel into first and
second branch vessels, the stent delivery system adapted, at least in a

proximal portion, to accommodate at least two guidewires, and including:

- a stent delivery sleeve adapted to constrain a self-
expanding stent in restricted form and enable expansion
of the stent by withdrawal of the sleeve, and including a

substantially tubular vessel having a first outlet at a distal
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end and a second outlet through a side portion of the
tubular vessel at a distance sufficiently remote from the
distal end to enable a distal portion of the tubular vessel,
in use of the stent delivery sleeve, to be located within
the first branch vessel whilst the second outlet is located
at the ostium to the second branch vessel and a proximal
portion of the tubular vessel is disposed in the parent

vessel; and

- a self-expanding stent constrained within at least the

distal portion of the stent delivery sleeve;

According to a third aspect of the invention there is provided a
self-expanding stent for deployment at a lesion site in a bifurcation, the
stent including a distal end, proximal end, a longitudinal length
therebetween sufficient for a distal portion to be disposed in a first branch
vessel of the bifurcation whilst a proximal portion is disposed in the parent
vessel, and a lateral hole in the longitudinal length, said hole adapted to
accommodate at least a guidewire when the stent is in a constrained

form.

According to a further aspect of the invention there is provided a
self-expanding stent for deployment at a lesion site in a bifurcation, the
stent including a distal end, a proximal end and a longitudinal length
therebetween, the proximal end forming an angle in relation to the
longitudinal length, such that the stent has a longer longitudinal side and a

shorter longitudinal side.

According to a further aspect of the invention there is provided a
method of deploying one or more self-expanding stents at stenotic lesions
in a bifurcation, the bifurcation involving the division of a parent vessel

into first and second branch vessels, the method including:

- advancing a first guidewire through the parent vessel into

the first branch vessel;
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- advancing a second guidewire through the parent vessel

into the second branch vessel;

- advancing a main stent delivery sleeve housing a first
self-expanding stent along the guidewires, the first
guidewire exiting at a first outlet at the distal end of the
stent delivery sleeve and the second guidewire exiting at
a second outlet in a side portion of the stent delivery
sleeve and comprising a slot which extends to the distal
end of the main stent delivery sleeve, until a distal
portion of the stent delivery sleeve is disposed in the first
branch vessel, a proximal portion is disposed in the
parent vessel and the second outlet is disposed adjacent

the ostium of the second branch vessel;

- withdrawing the main stent delivery sleeve to deploy the
first self-expanding stent, the second guidewire
maintained in position in the second branch vessel and

exiting the delivery sleeve along the slot.

In an alternative method the second outlet may be an elongate
hole or slot not extending to the distal end of the stent delivery sleeve,
such that the method further includes partial withdrawal of the stent
delivery sleeve to deploy a distal end of the first self-expanding stent only
and withdrawal of the second guidewire into the stent delivery sleeve

before complete withdrawal of the sleeve to fully deploy the first stent.

Further aspects of the invention may become apparent from the
following description which is given by way of example only and with

reference to the drawings.
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BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1:

Figure 2:

Figure 3:

Figure 4:

Figure 6:

Figure 8:

Figure 9:

shows a longitudinal section through a stent and
stent delivery sleeve of the present invention, in

one preferred form;

shows a perspective view of a stent delivery

sleeve of the invention in one preferred form;

shows a cross section through a distal end of a

stent and stent delivery sleeve of Figure 2;

shows a perspective view of a stent delivery
sleeve of the invention in an alternative

embodiment;

shows a perspective view of a stent delivery

sleeve of the invention in a further embodiment;

shows a schematic representation of a stent
delivery system of the present invention

employing a monorail design;

shows a perspective view of a stent and stent
delivery sleeve of the invention in a further

embodiment;

shows an enlarged schematic representation of
the zip-type system of the stent delivery sleeve
of Figure 8;

shows a longitudinal section through an angled
self-expanding stent and stent delivery sleeve of
the invention.
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DETAILED DESCRIPTION OF THE INVENTION

A conventional self-expanding stent and delivery system includes
a single central guidewire lumen, which at the proximal end may include a
monorail or over-the-wire configuration, and has the stent securely

constrained towards the distal end by a retractable sleeve.

In contrast, with reference to Figure 1, a self-expanding stent
delivery system 1 of the present invention has two rather than one central
guidewire lumen 2, housing two separate guidewires 3, 4. One guidewire
3 exits from the distal end 4 of the delivery system 1, in the normal
manner. The second guidewire 4 exits from a hole 7 in the side of the
stent 5 and a hole 8 in the stent delivery sleeve 6.

Whilst the system of Figure 1 involves a monorail configuration, it
will be appreciated by those skilled in the art that the delivery system of
the present invention could equally be employed with an over-the-wire

configuration, or a combination of the two.

The stents employed with the delivery system of the present
invention are modifications of known self-expanding stents. The key
modification being the requirement for a gap or hole in the stent at a point
in its side, and through which a guidewire and stent delivery system may
pass. This gap or hole must be sufficiently large when the stent is in its
constrained configuration to allow the passage of a guidewire, and in a
preferred form (as described below) it must be sufficiently large to

accommodate a guidewire within a guidewire tube.

The hole in the stent, when it is expanded, is substantially the
diameter of the ostium of a branch vessel. The proximal and distal
portions of the stent may have the same nominal expanded diameter or
the proximal portion may be larger or smaller in nominal expanded
diameter than the distal portion. For example, the proximal portion may
be 0.5mm larger {coronary design) or Tmm larger (carotid design) in

diameter than the distal portion, or the proximal portion may be 1 to 2mm
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smaller (aorto-iliac design) in diameter than the distal portion. One or
more extra joins connecting zig zag segments of a stent may be
necessary to add stability and support to the stent in the segments
immediately opposite and adjacent the side hole.

The stent delivery system of the invention is broadly designed to

enable deployment of one or more self-expanding stents at a bifurcation.

In its simplest form, as shown in Figures 4 and 6, the stent
delivery sleeve 14 includes a hole 10 through which the second guidewire
4 exits. It will be appreciated that with this simple version, in order to
deploy a first self-expanding stent, substantially in the position shown in
Figure 6, (with the stent overlapping the parent vessel 11 and first branch
vessel 12), it is necessary to retract the second guidewire 4 into the
sleeve and then to retract the sleeve 14 to enable the self-expanding
stent to expand. The second guidewire 4 may then be advanced back
through the hole 10 again and back into the second branch vessel 13 of
the bifurcation to enable the deployment of a second stent, if necessary,

in that second branch.

The need to withdraw the second guidewire 4 into the sleeve 14
with the embodiment of sleeve shown in Figures 4 and 6 is an important
limitation since any movement of the delivery system after guidewire
withdrawal may adversely affect the accuracy of deployment of stents;
especially the orientation of the holes 7, 10 may shift in relation to the

ostium of the second branch vessel.

The embodiment of Figure 5 is adapted to reduce this problem.
In this embodiment the hole in the stent delivery sleeve 22 is replaced
with a longitudinal or oval slot 20. This slot is positioned adjacent to the
hole 21 in the stent, and extending distally of that hole. The rim of the
slot may require reinforcing to adequately constrain the stent prior to
deployment. With this embodiment the stent delivery sleeve 22 may be

withdrawn a small amount (the extent of the slot) to deploy and anchor
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the distal end of the first stent, before it is necessary to retract the

second guidewire 4.

The method of deployment of one or more self-expanding stents
using the sleeve 22 of Figure b is as follows. The first stent in its stent
delivery sleeve is advanced over two guidewires as before. When in
position (as per Figure 6), the sleeve is withdrawn a sufficient amount
{about 1cm) to deploy the distal end of the stent. This anchors the stent
in position. Only then is the second guidewire withdrawn into the shaft of
the delivery system so that the first stent may be fully deployed. If a
second stent is required in the second branch, the guidewire is then
readvanced through the hole in the stent and along the second branch,
and a second stent is advanced along that second guidewire for
positioning in the second branch, as before. It will be appreciated that
with this system the risk of inadvertently moving the first stent out of
position, and thus misaligning the hole in the stent with the ostium of the

second branch, is reduced.

The embodiments of Figures 2, 3, 7 and 8 are the preferred
embodiments of the stent delivery sleeve of the invention. In each of
these embodiments the hole in the stent delivery sleeve 32 is a slot 30
which extends right through to the distal end 31 of the sleeve 32. The
guidewire lumen 44 through which guidewire 4 exits may end distally
inside the stent, may extend through the stent but not the delivery sleeve,
may extend a few mm beyond the delivery sleeve, or may extend further
into the second branch vessel 13. it will be appreciated that the guidewire
lumen 44 in combination with the proximal end of the slot can be

important in positioning of the stent delivery system at a bifurcation.

To maintain the shape of the delivery sleeve 32 before and during
deployment, the sleeve 32 requires additional strengthening, in either a
circumferentional or longitudinal direction, or both, at least in the portion
of sleeve in the region of the slot 30. This strengthening may be in the
form of one or more reinforcing ribs or bands 33 of metal, plastic or other

strengthening material. In the embodiment of Figure 2 the strengthening
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is shown as a series of bands 33 extending around most of the
circumference of the sleeve 32. There are also longitudinal ribs 34, at
least adjacent the edges 35 of the slot 30. If both longitudinal and
circumferential reinforcing is employed, the longitudinal ribs 34 may or
may not wholly or in part be attached to the circumferential bands 33.

In the embodiment of Figure 7 the requirement for strengthening
of the stent delivery sleeve is avoided by including a zip-type system in
the slot. Thus, the longitudinal slot 40 in the stent delivery sleeve 41 is
joined at one or more sites 42. Each join 42 is adapted to separate as the
delivery sleeve 41 is withdrawn. As the sleeve 41 is withdrawn the
guidewire 4 extending through the side of the stent 43 and the delivery
sleeve 41, or the guidewire 4 and the tube 44 through which it runs {and
which may also extend out of the delivery sleeve), acts as the release
mechanism to separate each join 42 in turn. This is shown schematically

in Figure 8.

It will be appreciated that as the "zip" is undone, there will be a
portion of the self-expanding stent 43 proximal of the hole 45 in the stent
43, which is not constrained by the sleeve. In order to avoid
inappropriate deployment of this portion of the stent 43, the delivery
system may include an additional sleeve 46 about the stent 43 in the
proximal portion 47 of the delivery sleeve 41 up to the position of exit of
the second guidewire 4. Once the delivery sleeve 41 has been withdrawn
either completely or to the position of the additional sleeve 46, then
sleeve 46 is withdrawn either alone or with sleeve 41 to fully deploy the

stent.

This additional sleeve 46 could alternatively be positioned
externally of the delivery sleeve 41, in the same proximal portion 47.

It will be appreciated that the particular zip-configuration shown
in Figures 7 and 8 is only one example of the manner in which two edges
of a slotted sleeve may be interconnected. Those skilled in the relevant

art will be aware of other designs of joining sufficiently secure to restrain
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a self-expanding stent, but releasable under a given pressure, preferably in

one direction only.

Stent deployment in the second branch vessel 13 may be with a
known self-expanding type or a balloon-inflatable type stent and it may be
advanced over the single second guidewire 4. However, the angle
between first branch vessel 12 and second branch vessel 13 is often
much less then 90°. In such circumstances a stent with an angled
proximal end may provide optimal coverage of the second branch vessel
13 ostium. The angled stent may be a modification of current designs
with removal of zig zag segments from part of the stent's circumference
at its proximal end. The remaining segments at that end may need
additional joins to maintain stent integrity following deployment. The
delivery system to optimally align this stent is depicted in Figure 9. It is
similar to the delivery systems to deploy the side hole self-expanding
stent depicted in Figures 1 - 8, except that the hole or proximal end of the
slot 56 through which guidewire 58 in the first branch vessel passes is
proximal to the stent, or at least the shorter longitudinal side of the stent.

Deployment of such an angled stent is described below.

Alternatively, a stent and delivery sleeve of similar design to that
of the first stent and delivery sleeve may be used, but with the second
guidewire 4 exiting distally and the first guidewire 3 exiting from the hole
10 in the side.

The manner in which two stents can be configured to provide
optimum protection at a bifurcation is described in PCT/US98/03553 (as
referred to above), although it will be appreciated that the actual stents
and delivery mechanism in that patent, which relates to balloon-infiated
stents, is different from that required for the self-expanding stents

employed with the present invention.

The method of use of a self-expanding bifurcation stent and
delivery sleeve of the embodiment of Figure 7 will now be described.
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First 3 and second 4 guidewires are advanced along the blood
vessel to the bifurcation, at which point one guidewire is fed along each
branch of the bifurcation. One or both branch vessels may be dilated with
regular angioplasty balloons to increase the vessel lumen and aid
positioning of the stent and delivery system. With the guidewires in place
the stent and delivery system is fed along both wires until the distal end is
located in the first branch and the point of exit of the second guidewire
through the side of the stent and delivery sleeve is adjacent the ostium of
the second branch. With the additional sleeve 46 maintained adjacent the
exit of the second guidewire 4 from the delivery sleeve 41, the delivery
sleeve is gradually withdrawn, causing the zip system to undo through
contact with the guidewire 4, or preferably the guidewire tube 44. Once
the distal end of the delivery sleeve reaches the additional sleeve, then
both sleeves are withdrawn together to deploy the remainder of the first
stent in the parent vessel. If a second stent is required in the second
branch vessel this may be achieved by advancement of a second stent
deployment unit along both guidewires or just the second guidewire, as

previously described.

Angled self-expanding stents have not previously been used. The
reason for this is primarily because of the difficulty in accurately deploying
such a stent in the right orientation. This can be overcome using a stent
delivery sleeve and system of the present invention. Thus, after
deployment of a first self-expanding stent, as described above, a second
delivery system (as, for example, shown in Figure 9) is introduced. It
should be appreciated an angled self-expanding stent may be delivered
into one branch unit using a delivery system of the invention prior to the
delivery of a stent with a side hole into the other branch and parent
vessel.

With reference to Figure 9, in this second delivery system 50 the
self-expanding stent 51 is located within the distal portion 52 of the stent
delivery sleeve 53, with the proximal end 54 of the shorter longitudinal
side 55 of the stent 51 adjacent the hole or proximal end of the slot 56.

A proximal portion 59 of the sleeve 53 may be shorter than the equivalent
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portion of the other embodiments of delivery system described above. The
guidewires are in the reversed configuration of that in the first stent
delivery system, i.e. second guidewire 57 passes directly through the
stent and sleeve, whilst the first guidewire 58 exits through the hole or
slot in the sleeve proximal to the stent 51. The second delivery system is
then fed along the guidewires, with the distal end guided into the second
branch vessel along the second guidewire, until the hole or proximal end
of the slot in the sleeve is located over the ostium of the first branch
vessel. The angled self-expanding stent will then be correctly oriented
and optimally positioned within the second branch vessel. It can be
deployed in the same manner as the first self-expanding stent, i.e. as
described above for the three different types of delivery sleeve with a
hole, short longitudinal slot or full slot extending to the distal end of the

sleeve.

Whilst there would be some reduction in the accuracy of
deployment of an angied self-expanding stent if the delivery system had a
sleeve with no lateral hole or slot, but rather the guidewire 58 exited
proximal of the sleeve 53, it would, nonetheless, be possible to deploy an
angled stent with such a delivery system. The positioning of the outlet
60 of the first guidewire lumen 61 would be critical in such a delivery
system configuration, since it would be this position which determined the
positioning of the system in the bifurcation at the time of deployment of
the stent.

The advantage of the slotted stent delivery sleeve is that the
guidewires positioned in both branches of the bifurcation are maintained
throughout the deployment procedure. Thus, the risk of inadvertent
movement of the first stent out of position during deployment is

minimised.

Where in the foregoing description reference has been made to
specific components or integers of the invention having known
equivalents then such equivalents are herein incorporated as if individually

set forth.
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Although this invention has been described by way of example
and with reference to possible embodiments thereof it is to be understood
that modifications or improvements may be made thereto without

departing from the scope or spirit of the invention.
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CLAIMS:

1. A stent delivery sleeve adapted for the delivery of a self-
expanding stent at a bifurcation in a parent vessel, the bifurcation
bifurcating the parent vessel into first and second branch vessels,
and the sleeve adapted to constrain the self-expanding stent in
restricted form and enable expansion of the stent by withdrawal
of the sleeve, the stent delivery sleeve including a substantially
tubular vessel having a first outlet at a distal end and a second
outlet through a side portion of the tubular vessel at a distance
sufficiently remote from the distal end to enable a distal portion
of the tubular vessel, in use of the stent delivery sleeve, to be
located within the first branch vessel whilst the second outlet is
located at the ostium to the second branch vessel and a proximal

portion of the tubular vessel is disposed in the parent vessel.

2. A stent delivery sleeve according to claim 1 wherein the second

outlet extends distally along the stent delivery sleeve.

3. A stent delivery sleeve according to claim 1 wherein the second
outlet is in the form of a longitudinal slot extending to the distal
end of the substantially tubular vessel.

4, A stent delivery sleeve according to claim 3 wherein the distal
portion of the substantially tubular vessel in the region of the slot,

includes strengthening means.

5. A stent delivery sleeve according to claim 4 wherein the
strengthening means includes one or more spaced-apart

circumferential rib members.

6. A stent delivery sleeve according to either claim 4 or claim 5
wherein the strengthening means includes one or more spaced-
apart longitudinal rib members.
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A stent delivery sleeve according to any one of claims 3 to 6
further including releasable slot closure means adapted to secure

longitudinal edges of the slot together.

A stent delivery sieeve according to claim 7 wherein the
releasable slot closure means includes one or more pairs of inter-

engageable members on the longitudinal edges of the siot.

A stent delivery sleeve according to claim 8 wherein the or each
pair of inter-engageable members are separable by a force applied
to their proximal end to release their distal end, to open the slot

from the proximal to the distal end.

A stent delivery sleeve according to any one of claims 1 to 9

adapted for use with a monorail delivery system.

A stent delivery sleeve according to any one of claims 1 to 9

adapted for use with an over-the-wire delivery system.

A stent delivery sleeve according to any one of claims 1 to 9
adapted for use with a combination monorail/over-the-wire

system.

A stent delivery system adapted for the delivery of a self-
expanding stent at a bifurcation, the bifurcation bifurcating a
parent vessel into first and second branch vessels, the stent
delivery system adapted, at least in a proximal portion, to

accommodate at least two guidewires, and including:

- a stent delivery sleeve adapted to constrain a self-
expanding stent in restricted form and enable expansion
of the stent by withdrawal of the sleeve, and including a
substantially tubular vessel having a first outlet at a distal
end and a second outlet through a side portion of the
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tubular vessel at a distance sufficiently remote from the
distal end to enable a distal portion of the tubular vessel,
in use of the stent delivery sleeve, to be located within
the first branch vessel whilst the second outlet is located
at the ostium to the second branch vessel and a proximal
portion of the tubular vessel is disposed in the parent

vessel; and

- a self-expanding stent constrained within at least the

distal portion of the stent delivery sleeve.

A stent delivery system according to claim 13 wherein the self-
expanding stent has an angled proximal end, such that it has a
shorter longtudinal side and a longer longitudinal side, and
wherein the proximal end of the shorter longitudinal side is
located within the stent delivery sleeve adjacent the second

outlet.

A stent delivery system according to claim 13 wherein the self-
expanding stent has a lateral hole positioned adjacent the second
outlet of the stent delivery sleeve, and the self-expanding stent
extends proximally of the second outlet, within the stent delivery

sleeve.

A stent delivery system according to any one of claims 13 to 15
wherein the second outlet extends distally along the stent

delivery sleeve.

A stent delivery system according to any one of claims 13 to 15
wherein the second outlet comprises a longitudinal slot in the

stent delivery sleeve extending to the distal end of the sleeve.

A stent delivery system according to claim 17 wherein the stent
delivery sleeve includes strengthening means in the region of the

slot.
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A stent delivery system according to claim 18 wherein the
strengthening means includes one or more spaced-apart

circumferential rib members.

A stent delivery system according to either claim 18 or claim 19
wherein the strengthening means includes one or more spaced-

apart longitudinal rib members.

A stent delivery system according to any one of claims 17 to 20
wherein the stent delivery sleeve further includes releasable slot
closure means adapted to secure longitudinal edges of the slot

together.

A stent delivery system according to claim 21 wherein the
releasable slot ciosure means includes one or more pairs of inter-

engageable members on the longitudinal edges of the slot.

A stent delivery system according to claim 22 wherein the or
each pair of inter-engageable members are separable by a force
applied to their proximal end to release their distal end, to open

the slot from the proximal to the distal end.

A stent delivery system according to any one of claims 17 - 23
further including supplementary stent retention means adapted to
retain the self-expanding stent in its constrained configuration
proximal of the second outlet of the substantially tubular vessel

when the slot closure means is/are released.

A stent delivery system according to claim 24 wherein the
supplementary stent retention means comprises an additional

sleeve proximal of the slot.

A stent delivery system according to claim any one of claims 13
to 25 further including first and second guidewires, the first

guidewire extending through the self-expanding stent and exiting
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through the first outlet of the stent delivery sleeve and the
second guidewire passing through the proximal portion of the
self-expanding stent and exiting through the second outlet of the

stent delivery sleeve.

27. A stent delivery system according to claim 26 further including a
guidewire tube for each guidewire, said guidewire tubes providing
passageways for the guidewires at least through the stent

delivery sleeve.

28. A stent delivery system according to claim 27 wherein the
guidewire tube for the second guidewire extends through the

second outlet.

29. A stent delivery system according to any one of claims 13 to 28
further including a second stent deployment unit positioned about
at least the second guidewire proximal to the stent delivery

sleeve.

30. A stent delivery system according to claim 29 wherein the
second stent deployment unit deploys a second self-expanding

stent.

31. A stent delivery system according to claim 30 wherein the
second stent deployment unit is a second stent delivery system
but arranged with the second guidewire exiting from its first

outlet and the first guidewire exiting from its second outlet.

32. A stent delivery system according to claim 29 wherein the
second stent deployment unit deploys a balloon-inflated stent.

33. A self-expanding stent for deployment at a lesion site in a
bifurcation, the stent including a distal end, a proximal end, a
longitudinal iength therebetween sufficient for a distal portion to

be disposed in a first branch vessel! of the bifurcation whilst a
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proximal portion is disposed in the parent vessel, and a lateral
hole in the longitudinal length, said hole adapted to accommodate

at least a guidewire when the stent is in a constrained form.

34. A self-expanding stent according to claim 33 wherein the lateral
hole is adapted when the stent in its constrained form, to

accommodate a guidewire housed within a guidewire tube.

35. A self-expanding stent according to either claim 33 or claim 34
wherein the lateral hole has a diameter, when the stent is in its
expanded form, substantially corresponding to that of an ostium

of a branch vessel at a bifurcation.

36. A self-expanding stent for deployment at a lesion site in a
bifurcation, the stent including a distal end, a proximal end and a
longitudinal length therebetween, the proximal end forming an
angle in relation to the longitudinal length, such that the stent has

a longer longitudinal side and a shorter longitudinal side.

37. A method of deploying one or more self-expanding stents at
stenotic lesions in a bifurcation, the bifurcation comprising a
parent vessel which divides into first and second branch vessels,

the method including the steps of:

- advancing a first guidewire through the parent vessel into

the first branch vessel;

- advancing a second guidewire through the parent vessel
into the second branch vessel;

- advancing a main stent delivery sleeve, housing a first
self-expanding stent, along the guidewires, the first
guidewire exiting at a first outlet at the distal end of the
stent delivery sleeve and the second guidewire exiting at

a second outlet in a side portion of the stent delivery
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sleeve, the second outlet extending distally, until a distal
portion of the stent delivery sleeve is disposed in the first
branch vessel, a proximal portion of the stent delivery
sleeve is disposed in the parent vessel and the second
outlet is disposed adjacent the ostium of the second

branch vessel;

- at least partially withdrawing the stent delivery sleeve to
deploy at least a distal end of the first self-expanding
stent in the first branch vessel whilst maintaining the

second guidewire in the second branch vessel;

- withdrawing the second guidewire into the stent delivery

sleeve; and

- withdrawing the stent delivery sleeve to fully deploy the
first self-expanding stent.

A method of deploying one or more self-expanding stent at
stenotic lesions in a bifurcation, the bifurcation involving the
division of a parent vessel into first and second branch vessels,

the method including:

- advancing a first guidewire through the parent vessel into
the first branch vessel,;

- advancing a second guidewire through the parent vessel

into the second branch vessel;

- advancing a main stent delivery sleeve housing a first
self-expanding stent along the guidewires, the first
guidewire exiting at a first outlet at the distal end of the
stent delivery sleeve and the second guidewire exiting at
a second outlet in a side portion of the stent delivery

sleeve and comprising a slot which extends to the distal
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end of the main stent delivery sleeve, until a distal
portion of the stent delivery sleeve is disposed in the first
branch vessel, a proximal portion is disposed in the
parent vessel and the second outlet is disposed adjacent

the ostium of the second branch vessel;

- withdrawing the main stent delivery sleeve to deploy the
first self-expanding stent, the second guidewire
maintained in position in the second branch vessel and

exiting the delivery sleeve along the slot.

The method of claim 38 further including the step of preventing
early deployment of a proximal portion of the first self-expanding

stent during withdrawal of the slotted stent delivery sleeve.

The method of any one of claims 37 - 39 wherein the first self-
expanding stent includes a distal end, a proximal end, a
longitudinal length therebetween sufficient for a distal portion to
be disposed in a first branch vessel of the bifurcation whilst the
proximal portion is disposed in the parent vessel, and a lateral
hole in the longitudinal length, said lateral hole aligned with a
proximal part of the second outlet such that the second guidewire

exits through said lateral hole and second outlet.

The method of claim 40 further including the step of advancing a
second stent deployment unit over at least the second guidewire
through a proximal end of the deployed first stent and through
the lateral hole in the first stent to the second branch vessel, and
deploying the second stent in the second branch vessel.

The method of claim 41 wherein the second stent deployment
unit includes a second stent delivery sleeve housing a second
self-expanding stent, each of substantially the same configuration
as the main stent delivery sleeve and first self-expanding stent,

respectively, except that the second guidewire exits through the
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first outlet of the second stent delivery sleeve and the first

guidewire exits through its second outlet.

43. The method of claim 41 wherein the second stent deployment
unit includes a second stent delivery sleeve of substantially the
same configuration as the main stent delivery sleeve, housing a
self-expanding stent having a distal end, a proximal end and a
longitudinal length therebetween, the proximal end forming an
angle in relation to the longitudinal length such that the stent has
a longer longitudinal side and a shorter longitudinal side, a
proximal end of said shorter longitudinal side located adjacent a
proximal part of the second outlet, and with the second guidewire
exiting through the first outlet of the second stent delivery sleeve

and the first guidewire through the second outlet.

44, A stent delivery system adapted for the delivery of a self-
expanding stent at a bifurcation, the bifurcation bifurcating a
parent vessel into first and second branch vessels, the stent
delivery system adapted, at least in a proximal portion, to

accommodate at least two guidewires, and including:

- a stent delivery sleeve adapted to constrain a self-
expanding stent in restricted form and enable expansion

of the stent by withdrawal of the sleeve;

- a first guidewire lumen extending through the stent

delivery sleeve to a distal end of that sleeve;

- a second guidewire lumen terminating just proximal of a
proximal end of the stent delivery sleeve, the distance
between the distal end of the stent delivery sleeve and
the terminal end of the second guidewire lumen sufficient
to enable a distal portion of the stent delivery sleeve, in
use of the stent delivery sleeve, to be located within the

first branch vessel whilst the terminal end of the second
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guidewire lumen is located at the ostium to the second

branch vessel; and

- a self-expanding stent constrained within the distal
portion of the stent delivery sleeve.

45, A stent delivery sleeve for a self-expanding stent substantially as
herein described with the reference to the accompanying
drawings.

46. A stent delivery system substantially as herein described and

with reference to the accompanying drawings.

47. A self-expanding stent substantially as herein described and with

reference to the accompanying drawings.

48. A method of deploying self-expanding stents at a bifurcation,
substantially as herein described with reference to the

accompanying drawings.
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