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STENT DEPLOYMENT SYSTEMS AND METHODS

BACKGROUND OF THE INVENTION
[0001] In coronary artery disease, stenotic plaques form within the coronary arteries,
restricting and in some cases completely blocking blood flow to the heart muscle. In recent
years, a number of different catheter-based interventions have been developed to treat
coronary artery disease, including percutaneous transluminal coronary angioplasty (PTCA)
and stenting. PTCA involves the placement of an endovascular catheter into the diseased
coronary artery and expanding a balloon within the stenotic lesion to dilate the lumen,
thereby improving blood flow through the treated area. One drawback of PTCA has been the
tendency in some cases for the coronary artery lumen to “restenose” following dilatation,
wherein plaque reforms at the treatment site to narrow or block the lumen. Coronary stenting
has been developed in part to address this restenosis problem. In coronary stenting, a tubular
stent is positioned within the coronary lesion using an endovascular delivery catheter. The
stent is expanded within the lesion and implanted in its expanded state, maintaining the

patency of the arterial lumen.

[0002] Even after stenting, however, some patients experience restenosis. Whﬂe the causes
of restenosis are not fully understood, a number of different technologies have been
developed to reduce restenosis following stenting. One such technology that has shown a
great deal of promise is the use of drug-coated stents that gradually elute anti-stenosis agents
into the wall of the coronary artery. Another approach is the use of radioactive stents that
deter cell proliferation at the treatment site. A further approach involves the optimization
stent geometry and maximizing stent flexibility to reduce the vascular response that results in

cell proliferation following stent placement.

[0003] With these new stent technologies showing promising reductions in restenosis rates,
stents may begin to be used in new and different ways. Stents may be used in arteries of
shape and size heretofore untreatable, both in the coronary vasculature and in other parts of
the body. Stents of substantially greater length may be used to treat longer lesions than has
been possible before. Stents may be used to “pave” long sections of diseased or disease-
prone arteries. Stents may be deployed in arteries that are much smaller than could be stented

before, in highly curved vessels, as well as in more tapered vessels.
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[0004] Current stents and stent deployment devices, however, are not well-suited to address
these new potential applications for stents. For example, current stents are designed for
treating relatively short lésions, and often are not suitable for longer lesions through which
the vessel may be curved, tapered or have other complex geometries. Likewise, current stent
deployment catheters function effectively to deliver stents of relatively short length in shorter
vascular lesions, but they do not perform well in treating longer, tapered, and/or curved
vessels. For example in tapered vessels, current stent deployment catheters may fail to fully
expand the stent at its proximal end, while potentially over-expanding the stent at its distal
end. Moreover, current stent and stent delivery technology is limited to deploying stents of
predetermined length, requiring advance selection of a stent and associated catheter to match
the lesion to be treated. Following introduction of the device, should the user wish to treat a
longer section of the vessel, the user must remove the delivery catheter from the body and
exchange it for a different catheter having a longer stent, or attempt to deploy multiple stents

in close proximity to one another, each requiring introduction of new delivery catheter.

[0005] What is needed, therefore, is a stent delivery catheter suitable for deployment of
long or short stents in long or short vascular lesions and in curved or tapered vessels. The
stent delivery catheter should be further adapted for delivering multiple independent, stents or
stent segments simultaneously or serially, as well as for selecting and deploying a stent of |

desired length without removing the delivery catheter from the body.

BRIEF SUMMARY OF THE INVENTION
[0006] The present invention provides stent delivery catheters, systems and methods for
deploying stents in body lumens. While the invention will have application in a number of
different vessels in various parts of the body, the invention is particularly well-suited for
stenting of the coronary arteries, saphenous veins and other grafts, and peripheral arteries
including the carotid and femoral arteries. The invention is particularly advantageous in its
ability to deploy stents in relatively long vascular lesions that have tapers, curves, or other
complex geometries. Moreovér, in a preferred embodiment, the invention enables the user to
select and deploy one or more stents of desired length in situ without removing or exchanging

catheters.

[0007] In a first aspect, the invention provides a stent deployment system for deploying one

or more stents in a vessel, the stent deployment system including an elongated catheter with
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an expandable member near its distal end. The expandable member has proximal and distal
extremities with different expanded diameters. In one embodiment, suited for use in tapered
vessels, the proximal extremity has an expanded diameter larger than the expandéd diameter
of the distal extremity. A plurality of independent stent segments is slidably positionable on
the proximal and distal extremities for expansion therewith, each stent segment being
independently expandable to an expanded diameter potentially different than at least one
other stent segment. The expandable member has an outer surface suitable for slidable .
advancement of the stent segments thereon from the proximal extremity to the distal

extremity.

[0008] In various embodiments, proximal and distal extremities may be tapered, stepped,
non-tapered (constant diameter), or combinations thereof. The proximal and distal
extremities may be contiguous with one another, or may be séparated by a portion of the
expandable member. Between the proximal and distal extremities, the expandable member
may be non-tapered, tapered at a constant or variable slope, or it may include two or more
cylindrical steps of decreasing diameter. Alternatively, the expandable member may include
a combination of tapered sections and stepped sections, or tapered sections and non-tapered
sections. The outer surface of the expandable member is preferably configured to allow the
stent segments to be slidably advanced toward the distal end of the expandable member (or
the expandable member slidably retracted proximally relative to the stent segments) when the
expandable member is in an unexpanded‘condition. This enables the user to position the
desired number of stent segments to be deployed over the expandable member, thereby
facilitating in situ customization of stent length. Further, following deployment of a stent or
series of stent segments, an additional stent or series of segments may then be slidably

positioned on the expandable member for subsequent deployment.

[0009] In an exemplary embodiment, either or both of the first and second extremities of
the expandable member have an axial length selected to accommodate a pre-selected number
of stent segments. For example, in stepped embodiments, each cylindrical step of the
expandable member may be configured to accommodate one stent segment. Alternatively,
the expandable member may have a non-tapered or less tapered distal extremity
accommodating a specific number of stent segments, e.g five to ten, and a more tapered

proximal extremity on which one or more stent segments may be positioned.
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[0010] In a further aspect, the expandable member has a proximal end portion fixed to the
catheter shaft at a first location and a distal end portion fixed to the catheter shaft at a second
location. The proximal end portion has a reverse taper between the first location and the
proximal extremity, and the distal end portion has a distal taper between the distal extremity
and the second location. In a preferred embodiment, the expandable member is tapered
between the proximal end portion and the distal end portion at a slope substantially less than
the slope of the distal taper. Preferably, the outer surface is tapered at a slope of about 0.5%
to 5%.

[0011] In another aspect of the invention, the stent deployment system includes a pusher
for slidably advancing the stent segments distally relative to the expandable member. In a
preferred embodiment, the pusher comprises a tubular member slidably disposed over the
catheter shaft and having a distal end for engaging a stent segment. The pusher can be
pushed distally relative to the expandable member to advance the stent segments thereon, or
the expandable member may be pulled proximally relative to the stent segments while
maintaining a distally directed force on the pusher so that the expandable member is

positioned within the stent segments to be deployed.

[0012] In a preferred aspect of the invention, the expandable member is adapted to expand
a first plurality of stent segments simultaneously while a second plurality of stent segments
remains unexpanded. To accomplish this, the stent deployment system preferably includes a
sheath slidably disposed over at least a proximal portion of the expandable member on which
the second plurality of stent segments is disposed. The sheath is configured to restrain
expansion of the proximal portion of the expandable member and the second plurality of stent
segments when the distal portion of the expandable member is expanded. The sheath will
have sufficient radial strength to resist expansion by the balloon as it is inflated. Preferably,

the sheath has a metal braid or other reinforcement embedded in its wall.

[0013] In a further aspect, the invention provides a method of deploying stent segments in a
blood vessel having a luminal taper. In a preferred embodiment, the method comprises
transluminally introducing a catheter into the blood vessel, the catheter having an expandable
member near a distal end thereof; positioning a first plurality of independent stent segments
over the expandable member such that a first stent segment is on a proximal extremity of the
expandable member and a second stent segment is on a distal extremity of the expandable

member, the first and second stent segments being independently movable relative to the
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expandable member; and expanding the expandable member such that the proximal extremity
has a first expanded diameter and the distal extremity has a second expanded diameter
smaller than the first expanded diameter, wherein the first stent segment is expanded to a
diameter larger than the second stent segment. According to the method of the invention,
three, four, or more stent segments may be §xpanded simultaneously to the same or different

diameters.

[0014] In still another aspect, the method includes a step of constraining a proximal portion
of the expandable member from expansion while a distal portion of the expandable member
is expanded, the proximal and distal extremities being in the distal portion. Usually, at least a
third stent segment, and preferably a plurality of stent segments, is slidably disposed on the
proximal portion. In a preferred embodiment, the expandable member is constrained by a
sheath slidably disposed over the proximal portion of the expandable member along with the

stent segments positioned thereon.

[0015] In a further embodiment, the method includes slidably positioning a second plurality
of independent stent segments over the expandable member with the catheter remaining in
the blood vessel. Preferably, the second plurality of independent stent segments is slidably
positioned over the expandable member by a pusher slidably coupled to the catheter. Ina
preferred method, the second plurality of independent stent segments is slidably positioned
over the expandable member by retracting the expandable member relative to the second
plurality of independent stent segments while exerting a distal force on the pusher to maintain
the stent segments in position. Either the first plurality of stent segments or the second
plurality of stent segments, or both, may be slidably positioned over the expandable member

while the catheter remains disposed in the blood vessel.

[0016] In a further aspect of the invention, a stent deployment system comprises an
elongated catheter shaft having a proximal end and a distal end an expandable member
mounted to the catheter shaft near the distal end, the expandable member having an outer
surface; and a stent slidably positionable over the outer surface of the expandable member,
wherein the outer surface is configured to allow sliding movement of the stent distally
relative to the expandable member and inhibit sliding movement of the stent proximally

relative to the expandable member.

[0017] In a preferred embodiment, the outer surface of the expandable member comprises a

plurality of projections projecting outwardly therefrom. The projections point generally in a
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distal direction to facilitate movement of the stent distally relative thereto and to inhibit
movement of the stent proximally relative thereto. In response to sufficient force the
projections are resiliently deflectable so as to point generally in a proximal direction to allow
movement of the stent proximally relative thereto. Preferably, the projections project at an
angle from the outer surface, the angle being variable in response to tension in the outer
surface. The angle of the projections may be varied either by exerting tension on the

expandable member, or by partially inflating the expandable member.

[0018] In an alternative embodiment, the outer surface comprises a plurality of ribs
configured to engage the stent. The ribs are preferably convex on a proximal side thereof to
facilitate distal movement of the stent, while having a distal side configured to inhibit
proximal movement of the stent. The ribs are deflectable in response to sufficient force to

allow movement of the stent proximally relative thereto.

[0019] Further aspects of the nature and advantages of the invention will become apparent

from the following detailed description when taken in conjunction with the drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0020] Fig. 1 is a perspective view of a stent deployment system according to the invention.

[0021]  Fig. 2 is a side cross-sectional view of a distal portion of the stent deployment
system of Fig. 1.

[0022] Fig. 3 is a partial side cross-sectional view of a distal portion of the stent

deployment system of Fig. 1 positioned in a vessel.

[0023] Fig. 4 is a partial side cross-sectional view of a distal portion of a further

embodiment of a stent deployment system according to the invention.

[0024] Fig. 5 is a partial side cross-sectional view of a distal portion of a further

embodiment of a stent deployment system according to the invention.

[0025] Fig. 6A-6D are partial side cross-sectional views of a distal portion of the stent

deployment system of Fig. 1 showing various steps in a method of use thereof.

[0026] Fig. 7A is a side view of a distal portion of a further embodiment of a stent

deployment system according to the invention.
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[0027] Fig. 7B is a side cross-sectional view of an expandable member of the stent

deployment system of Fig. 7A.

[0028] Fig. 7C is a side cross-sectional close-up view of a distal portion of the stent

deployment system of Fig. 7A.

[0029] Fig. 8A is a side view of a distal portion of a further embodiment of a stent

deployment system according to the invention.

[0030] Fig. 8B is a side cross-sectional view of an expandable member of the stent

deployment system of Fig. 8A.

[0031] Fig. 8C is a side cross-sectional close-up view of a distal portion of the stent

deployment system of Fig. 8A.

[0032] Fig. 9 is a side cross-sectional view of a distal portion of a further embodiment of a

stent deployment system according to the invention.

DETAILED DESCRIPTION OF THE INVENTION
[0033] A preferred embodiment of a stent deployment system according to the invention is
illustrated in Fig. 1. Stent deployment system 20 includes a sheath 24, a pusher tube 26
slidably disposed within sheath 24, and a catheter shaft 28 slidably disposed within pusher
tube 26. Sheath 24, pusher tube 26 and cathéter shaft 28 are all made of a flexible
biocompatible material suitable for endovascular placement and positioning along a tortuous
path from a peripheral vessel to the coronary arteries. A guidewire 30 is slidably positionable
within catheter shaft 28 to facilitate introductioﬁ and tracking. An expandable member 32,
which preferably is an elastomeric balloon, is mounted to the distal end of catheter shaft 28
and has an unexpanded shape suitable for endovascular positioning, and an expanded shape
for deploying a stent within a vascular lumen. A series of tubular stent segments 34 are
disposed about the periphery of expandable member 32 and are configured to be expanded by

the expandable member into contact with the vessel wall.

[0034] Expandable member 32 has an expanded shape that is optimal for the size and
geometry of the vascular region being treated. In a preferred embodiment, expandable
member 32 has a tapered or partially tapered shape, wherein a proximal extremity of
expandable member 32 had a larger diameter than a distal extremity thereof. This enables

optimal expansion of stent segments 34 in tapered vessels, wherein one or more stent
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segments 34 in a proximal portion of the treated region should be expanded more than the
stent segments 34 located more distally. Of course, expandable member 32 may have a

variety of shapes suited to the region being treated, which are described below.

[0035] Stent segments 34 are preferably unconnected to each other, independently
positionable relative to expandable member 32, independently expandable to various
diameters, and provided with a geometry that optimizes vessel wall coverage and maximizes
flexibility. This allows a selected number of stent segments 34 to be deployed to treat very
long or very short lesions and in vascular regions that are highly curved or tapered. Stents
and stent segments suitable for use with the present invention are disclosed in commonly-
assigned, co-pending application Serial No. 10/306,813, filed Nov. 27, 2002, and Provisional
Application Serial No. 60/440839, filed January 17, 2003, which are hereby incorporated by

reference.

[0036] Sheath 24 has a distal end 36 that engages and constrains expansion of a proximal
portion of expandable member 32 as will be described more fully below. Preferébly, sheath
24 is reinforced to resist expansion when expandable member 32 is expanded, having a metal
or polymeric braid or other type of reinforcement embedded in or disposed around the wall
thereof. A proximal end 38 of sheath 24 is mounted to a handle 40. An actuator 42 is
slidably mounted to handle 40 and is coupled to a proximal end of pusher tube 26. In this
way, sliding actuator 42 along handle 40 causes pusher tube 26 to move relative to sheath 24.
A sealed port 44 is mounted to the proximal end of handle 40 and is configured to receive
catheter shaft 28 and provide a fluid-tight seal around it while allowing it to slide relative to
handle 40. A flushport 45 mounted to sealed port 44 communicates with the interior of

sheath 24 to allow for introduction of fluid for flushing and lubrication purposes.

[0037] Catheter shaft 28 has a proximal end 46 to which is mounted an adaptor 48.
Adaptor 48 has a port 50 configured for coupling to an inflation device such as a syringe 52,
which is used to deliver an inflation fluid to expandable member 32, as described below.
Adaptor 48 further includes a hemostasis valve 54 adapted to receive guidewire 30 and

provide a fluid-tight seal around it while still allowing it to slide relative to adaptor 48.

[0038] Fig. 2 shows a cross-section of a distal portion of stent deployment system 20 with
expandable member 32 in an unexpanded condition. It may be seen that catheter shaft 28 has
a tubular outer shaft 56 and a tubular inner shaft 58, defining a coaxial inflation lumen 59
therebetween. Outer shaft 56 and inner shaft 58 are both fixed to adaptor 48 and thus fixed
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relative to each other. Inner shaft 58 defines a guidewire lumen 61. Quter shaft 56 has a
distal end 60 to which is mounted a proximai end 62 of expandable member 32. Inner shaft
58 has a distal end 64 to which is mounted a tapered nosecone 66. A distal end 68 of
expandable member 32 is bonded to nosecone 66. A plurality of stent segments 34 are
disposed around expandable member 32 and, in a preferred embodiment, are slidable relative
thereto. Pusher tube 26 has a distal end 70 configured to engage a proximal stent segment 72
to exert a distal force thereon. Sheath 24 is disposed around pusher tube 26, a prbximal
portion of expandable member 32, and stent segments 34 thereon. It may be appreciated that
an inflation fluid such as saline introduced into inflation lumen 59 will fill the interior of

expandable member 32 causing it to expand, thus expanding stent segments 34.

[0039] Figure 3 illustrates stent deployment system 20 in use in a vessel V. Initially sheath
24 is positioned over expandable member 32 (and stent segments 34 thereon) and the user
positions stent deployment system 20 within the vascular region to be treated. Sheath 24 is
then retracted proximally relative to expandable member 32 in order to expose the desired
length of the expandable member 32 to be expanded and the desired number of stent
segments 34’ to be deployed. Inflation fluid is then introduced through inflation lumen 59
into expandable member 32, causing it to expand stent segments 34’ into engagement with
vessel wall W. Sheath 24 constrains expansion of a proximal portion 33 of expandable
member 32 while that portion of expandable member 32 exposed distally of sheath 24 is

allowed to expand along with the stent segments 34’ thereon.

[0040] Inits expanded condition, expandable member has a proximal end portion 71
having a reverse taper, a working portion 73 on which stent segments 34 are disposed, and a
distal end portion 75 tapering down from working portion 73 to nosecone 66. In a preferred
embodiment, working portion 73 has a tapered exterior shape in the expanded condition so as
to have a larger expanded diameter in a proximal extremity 74 than its expanded diameter in
a distal extremity 76. The expanded diameters are selected to provide optimal expansion
within the tapered lumen L in vessel V so that all of the deployed stent segments 34’ firmly
engage vessel wall W. In a preferred embodiment suitable for coronary applications,
expandable member 32 tapers from an expanded diameter of about 3-5 mm in proximal
extremity 74 to an expanded diameter of about 2-4 mm in distal extremity 76. Expandable
member 32 will preferably have a continuous taper of constant slope throughout all of
proximal extremity 74 and distal extremity 76, usually having a slope of about 0.5-5%.
Alternatively, proximal extremity 74 may taper at a different slope than distal extremity 76,
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or, as described below, either proximal extremity 74 or distal extremity 76 may have no taper

or be only partially tapered along its length.

[0041] Following deployment of stent segments 34°, expandable member 32 is deflated and
retracted proximally within sheath 24. As expandable member 32 is retracted, distal force is
maintained upon pusher tube 26 to hold stent segments 34 in position as expandable member
32 slides proximally through stent segments 34. The outer surface of expandable member 32
is configured to allow it to slide proximally through stent segments 34, being sufficiently
smooth and lubricious and lacking notches or other surface features that would inhibit the
proximal sliding movement of expandable member 32 through stent segments 34. It will be
understood, however, that expandable member 32 may have some types of surface features
and geometries that do not excessively inhibit such sliding movement, examples of which are
described below. Expandable member 32 is positioned so that the diszal—most stent segment
34 is disposed around the distal end of working portion 73. Stent deployment system 20 may
then be repositioned to another vascular region to be treated, whereupon sheath 24 may be

retracted to expose a desired number of stent segments 34, and the process repeated.

[0042] Figure 4 illustrates a further embodiment of stent deployment system 20 in which
expandable member 32 has a plurality of cylindrical steps 80 of decreasing diameter in the
distal direction. In a preferred embodiment, steps 80 are provided along the entire length of
working portion 73, each step 80 being configured to accommodate a preselected number of
stent segments 34. It may be seen that by sliding sheath 24 relative to expandable member
32, the desired number of steps 80 may be exposed for expansion of stent segments 34’. In
one embodiment, each step 80 has an axial length approximately equal to the axial length of
one stent segment 34 so that each step 80 holds one stent segment 34. For coronary
applications, the axial length of one stent segment is preferably in the range of 2-5 mm. Each
step has an expanded diameter slightly smaller than that of the adjacent step on its proximal
side. In one embodiment, the proximal step 82 has an expanded diameter in a range of 3-5
mm, and the distal step 84 has an expanded diameter in a range of 2-4 mm. Each step
between proximal step 82 and distal step 84 has an incrementally smaller diameter calculated
by taking the difference between the diameters of the proximal step 82 and distal step 84 and
dividing by the number of steps between the two. It should be understood that each step 80
may be of constant expanded diameter along its axial length, or some or all of steps 80 may
be tapered so that the proximal end of step 80 has a larger expanded diameter than a distal

end of step 80.
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[0043] In an alternative embodiment, shown in Fig. 5, expandable member 32 has only two
steps 80A, 80B, one being of larger diameter in proximal extremity 74, and one being of
smaller diameter in distal extremity 76. While steps 80A, 80B may be adjacent to one
another with a radial wall in between as in Fig. 4, in the embodiment of Fig. 5 steps 80A, 80B
are separated by a tapered portion 86. Each of steps 80A, 80B may be non-tapered with
constant expanded diameter, or either step may taper in the distal direction. In one
embodiment, proximal step 80A has an expanded diameter of about 3-5 mm and an axial
length of about 5-15 mm, and distal step 80B has an expanded diameter of about 2-4 mm and
an axial length of about 5-15 mm. Sheath 32 may be slidably positioned over expandable
member 32 to expose the desired number of stent segments 34°, thereby adjusting the

exposed length of proximal step 80A and potentially distal step 80B.

[0044] In an exemplary method, stent deployment system 20 of Fig. § is positioned such
that distal step 80B is within a stenotic lesion S in vessel V and proximal step 80A is adjacent
to the proximal end of lesion S. In this way, expandable member 32 expands to a larger
diameter proximal to lesion S where vessel V has a larger diameter, thereby ensuring that

stent segments 24’ are fully expanded into engagement with vessel wall W.

[0045] Figures 6A-6D illustrate the use of stent deployment s&stem 20. Fig. 6A shows
stent deployment system 20 within a vessel after deploying one or more stent segments 34.
Expandable member 32 is disposed distally of sheath 24 and has no stent segments 34 on the
exposed portion of expandable member 32. In order to treat another region of the vessel,
expandable member 32 is retracted within sheath 24 while distal force is maintained upon
pusher tube 26 to hold stent segments 34 in position as expandable member 32 moves
proximally through the stent segments. Of course, it will be understood that expandable
member 32 may alternatively be held in position while sliding pusher tube 26 and sheath 24
distally to slide stent segments 34 over expandable member 32. Stent segments 34 are
positioned so that the distal-most stent segment is near the distal end of expandable member
32, as shown in Fig. 6B. To facilitate this alignment, nosecone 66 may have an enlarged
proximal end portion (not shown) configured to engage and stop stents segments 34 from

further movement.

[0046] Stent deployment system 20 may then be repositioned to a different region in the
vessel to be treated. Once repositioned, sheath 24 is retracted proximally relative to

expandable member 32 while maintaining pressure on pusher tube 26 to expose the desired
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number of stent segments 34 to be deployed. Preferably, sheath 24 is then retracted an
additional small distance without exerting force on pusher tube 26 so that stent segments 34

within sheath 24 are separated slightly from those stent segments 34’ to be deployed, as

“shown in Fig. 6C. This ensures that stent segments 34 within sheath 24 are not expanded or

dislodged when expandable member 32 is expanded. To facilitate this, a stent valve (not
shown) may be provided at the distal end of sheath 24 to selectively engage stent segments 34
and retain them within the sheath, as described in commonly-assigned copending application
Serial No. , filed April 10, 2003, Attorney Docket No. 21629-000330, which

is incorporated herein by reference.

[0047]  With the desired number of stent segments 34’ exposed distally of sheath 24,
expandable member 32 is expanded by introducing an inflation fluid through inflation lumen
59. This exerts a radial force on stent segments 34’ causing them to expand and plastically
deform into an expanded shape in engagement with the vessel wall, as shown in F ig. 6D.
Expandable member 32 may then be deflated and retracted into sheath 24. This process may
be repeated to treat multiple lesions of various lengths within a vessel or series of vessels

without removing the stent deployment system from the patient’s body.

[0048] As noted above, in preferred embodiments, expandable member 32 of stent
deployment system 20 is configured to allow slidable movement of stent segments 34 distally
relative to the expandable member. However, expandable member 32 should also prevent
stent segments 34 from sliding proximally once they are positioned on expandable member
32. This becomes particularly challenging when sheath 24 is being retracted proximally
relative to expandable member 32 and stent segments 34. Sheath 24 may engage stent
segments 34 and urge them in the proximal direction relative to expandable member 32. In
order to help maintain the position of stent segments 34 on expandable member 32,
expandable member 32 may have surface features that engage stent segments 34 and
preferentially allow them to slide distally over the expandable member while inhibiting them
from sliding proximally over the expandable member. In one embodiment, illustrated in
Figs. 7A-7C, expandable member 32 has a plurality of resilient and flexible projections 88
that project outwardly and in the distal direction from the surface of expandable member 32.
Projections 88 are angled toward the distal end of expandable member 32 so as to create a
“grain” on the surface of expandable member 32 whereby stent segments 34 slide easily in
the distal direction, but are inhibited from sliding in the proximal direction due to

engagement with the distal tips 90 of projections 88. Projections 88 are preferably an
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elastomeric material and are formed integrally with the expandable member 32 by molding or
dipping, but alternatively may be attached to the surface of expandable member 32 by
adhesive, heat welding, or other means. As a further alternative, a fabric or sheet having

suitable “grained” characteristics may be fixed to the surface of expandable member 32.

[0049] Preferably, projections 88 are arranged on expandable member 32 so as to project
within spaces between or within stent segments 34. In one embodiment, shown
schematically in Fig. 7B, projections 88 are arranged in a series of annular rows on
expandable member 32, the rows being spaced apart a distance selected to fall within the

spaces between each stent segment 34.

[0050] In some circumstances it may be desirable to move stent segments 34 proximally
relative to expandable member 32. For example, as described above,when the desired
number of stent segments 34 have been exposed distally of sheath 24 for deployment, it is
often desirable to move the stent segments 34 within sheath 24 a short distance proximally
relative to expandable member 32. As shown in Fig. 7C, in response to sufficient force in the
proximal direction, projections 88 are configured to bend in the proximal direction to allow
stent segments to move proximally relative to expandable member 32. In the embodiment
shown, a stent valve 92 is disposed at the distal end of sheath 24, as described in copending

application Serial No. , filed April 10, 2003, Attorney Docket No. 21629-

000330, which has been incorporated herein by reference. Stent valve 92 is configured to
engage stent segments 34 and exert sufficient proximal force against them to bend projections
88 to with distal tips 90 pointing proximaily, allowing stent segments 34 to move proximally
relative to expandable member 32. When it is desired to deploy stent segments 34 distally of
sheath 24, force can be exerted on pusher tube 26 to urge stent segments 34 past stent valve
92.

[0051] Projections 88 may also be formed so as to project more or less outwardly in
response to tension or relaxation in the wall of expandable member 32. For exaniple, when
expandable member 32 is deflated and not under tension, projections 88 can be configured to
be normally lying flat against the outer surface of expandable member 32. When the wall of
expandable member 32 is tensioned or stretched slightly, either by applying a distal force to
inner shaft 58 relative to outer shaft 56 (Fig. 2), or by partially inflating expandable member
32, projections 88 will project further outwardly to increase engagement with stent segments

34. Alternatively, projections 88 may be configured to normally extend further outwardly
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when expandable member 32 is deflated and not under tension, inhibiting proximal
movement of stent segments 34 over expandable member 32. When expandable member 32
is inflated or tensioned, projections 88 can be configured to lie flat against the outer surface
of expandable member 32 to decrease interference with stent segments 34. In this manner,
the user may control the degree of engagement between projections 88 and stent segments 34.
For example, when retracting expandable member 32 proximally relative to stent segments
34, very little resistance to sliding movement over the expandable member is desirable.
When sheath 24 is being retracted to expose the desired number of stent segments, however,
a high degree of resistance to proximal movement of stent segments 32 is needed. Then,
when the desired number of stent segments 34 has been exposed distally of sheath 24, it may
be desirable to pull the remaining stent segments within sheath 24 further in the proximal
direction relative to expandable member 32. At this point, it is desirable to minimize
interference with the movement of stent segments 34 within sheath 24. By applying and
releasing tension or by partially inflating and deflating expandable member 32, the user can
selectively inhibit or allow movement of stent segments 34 relative to expandable member 32

in each of these situations.

[0052] A further embodiment of expandable member 32 in stent deployment system 20 is
illustrated in Figs. 8A-8C. In this embodiment, expandable member 32 has a plurality of
flexible, resilient annular ribs 94 configured to engage stent segments 34 (not shown for
clarity). In cross section, as shown in Fig. 8B, each ribs 94 has a wall that curves in the distal
direction so as to be convex on the proximal side and concave on the distal side with an outer
edge 96 oriented in the distal direction. This allows stent segments 34 to slide relatively
easily over ribs 94 distally, but inhibits proximal movement of stent segments 34 over ribs
94. Ribs 94 may be integrally formed with expandable member 32 or may be formed
separately and fixed thereto by adhesive, heat welding or other means. Preferably, ribs 94 are
spaced apart a distance corresponding to the axial length of stent segments 34 so that stent

segments 34 are disposed between ribs 34.

[0053] It may be seen in Fig. 8C that ribs 94 are preferably deflectable or evertable in the
proximal direction in response to sufficient force against stent segments 34. In the
embodiment shown, stent valve 92 engages stent segment 34 and exerts a proximal force
thereon as sheath 24 is retracted relative to expandable member 32. The outer edge 96 of rib
94 is deflected in the proximal direction, everting rib 94 and allowing stent segment 34 to

move proximally over it. It should further be appreciated that ribs 94 may be configured to
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extend further outwardly or lie more flat against the surface of expandable member 32 in
response to applying tension to or inflating expandable member 32 in a manner similar to that
described above in connection with Figs. 7A-7C. This permits the user to selectively control

the degree of engagement with stent segments 34.

[0054] A further embodiment of a stent deployment system according to the invention is
shown in Fig. 9, in which sheath 24 and pusher tube 26 are removed for purposes of clarity.
In this embodiment, a core member 100 is mounted to a distal portion of inner shaft 58 within
the interior of expandable member 32. Expandable member 32 extends around core member
100 and is unattached thereto so that it may expand outwardly from core member 100 when
inflation fluid is introduced via inflation lumen 59. Stent segments 34 are disposed on
expandable member 34 and are crimped to press inwardly against core member 100 while
still remaining axially slidable on expandable member 32. Core member 100 has a transverse
dimension (outer diameter) typically about the same or just smaller than the deflated diameter
of expandable member 32 so as to allow stent segments 34 to be crimped into engagement
therewith but not crimped so much as to prevent stent segments 34 from sliding on
expandable member 32. Core member 100 is composed of a compressible, resilient
elastomer that presses outwardly against stent segments 34 to create friction between
expandable member 32 and stent segments 34, creating resistance to slidable motion of the
stent segments. In this way, stent segments 34 tend to remain stationary on expandable
member 32 unless sufficient force is exerted on the stent segments by pusher tube 26 or
sheath 24. This gives the user greater control in positioning a selected number stent segments
34 on expandable member 32 and retracting other stent segments 34 relative to expandable

member 32 so as to deploy the desired number of stent segments.

[0055] While the above is a complete description of the preferred embodiments of the
invention, various additions, alternatives, modifications, equivalents and substitutions are
possible without departing from the scope thereof. Therefore, the above should not be taken

to limit the scope of the invention, which is defined by the appended claims.
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WHAT IS CLAIMED 18S:

1. A stent deployment system for deploying one or more stents in a blood
vessel having a luminal taper, the stent deployment system comprising:

an elongated catheter shaft having a proximal end and a distal end;

an expandable member mounted to the catheter shaft near the distal end, the
expandable member having a proximal extremity and a distal extremity, the proximal
extremity having a first expanded diameter and the distal extremity having a second
expanded diameter, the first expanded diameter being larger than the second expanded
diameter in general correspondence to the luminal taper; and

a plurality of independent stent segments slidably positionable on the proximal
and distal extremities for expansion therewith, each stent segment being independently
expandable to an expanded diameter potentially different than at least one other stent
segment;

wherein the expandable member has an outer surface suitable for slidable
advancement of the stent segments thereon from the proximal extremity to the distal

extremity.

2. The stent deployment system of claim 1 wherein at least one of the
first and second extremities of the expandable member has an axial length selected to

accommodate a pre-selected number of stent segments.

3. The stent deployment system of claim 1 wherein the pre-selected

number of stent segments is one.

4, The stent deployment system of claim 1 wherein at least one of the

first and second extremities has a constant outer diameter.

5. The stent deployment system of claim 1 wherein at least one of the

first and second extremities has a tapered outer diameter.

6. The stent deployment system of claim 5 wherein both of the first and

second extremities are tapered.

7. The stent deployment system of claim 4 wherein another of the first

and second extremities has a constant outer diameter.
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8. The stent deployment system of claim 1 wherein the proximal and
distal extremities are contiguous.
9. The stent deployment system of claim 8 wherein the outer surface is

continuously tapered along the proximal and distal extremities.

10. The stent deployment system of claim 1 wherein the expandable
member has a proximal end portion fixed to the catheter shaft at a first location and a distal
end portion fixed to the catheter shaft at a second location, the proximal end portion having a
reverse taper between the first location and the proximal extremity, the distal end portion
having a distal taper between the distal extremity and the secondylocation, the expandable
member being tapered between the proximal end portion and the distal end portion at a slope

substantially less than the slope of the distal taper.

11.  The stent deployment system of claim 9 wherein the outer surface is

tapered at a slope of about 0.5 to 5%.

12.  The stent deployment system of claim 1 wherein the first diameter is

about 3-5 mm and the second diameter is about 2-4 mm.

13.  The stent deployment system of claim 1 further comprising a pusher

for slidably advancing the stent segments distally relative to the expandable member.

14.  The stent deployment system of claim 13 wherein the pusher
comprises a tubular member slidably disposed over the catheter shaft and having a distal end

for engaging a stent segment.

15.  The stent deployment system of claim 1 wherein the expandable
member is adapted to expand a first plurality of stent segments simultaneously while a second

plurality of stent segments remains unexpanded.

16.  The stent deployment system of claim 15 further comprising a sheath
slidably disposed over at least a proximal portion of the expandable member, the second
plurality of stent segments being disposed on the proximal portion, the sheath being

configured to restrain expansion of the proximal portion and the second plurality of stents.
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17. The stent deployment system of claim 1 wherein the outer surface

comprises a series of steps of decreasing outer diameter as the distal end is approached.

18.  The stent deployment system of claim 17 wherein each step has an

axial length selected to accommodate a pre-selected number of stent segments.

19.  The stent deployment system of claim 18 wherein the pre-selected

number is one.

20. A stent deployment system for deploying one or more stents in a blood
vessel having a luminal taper, the stent deployment system comprising: /

an elongated catheter shaft having a proximal end and a distal end;

an expandable member mounted to the catheter shaft néar the distal end, the
expandable member being tapered when expanded from a first expanded diametér ina
proximal extremity thereof to a second expanded diameter in a distal extremity thereof in
general correspondence to the luminal taper; and

a plurality of independent stent segments slidably positionable over the
expandable member to locations on the proximal and distal extremities for expansion
therewith, each stent segment being independently expandable to an expanded diameter
potentially different than at least one other stent segment;

wherein the expandable member has an outer surface between the proximal

and distal extremities suitable for slidable advancement of the stent segments thereon.

21.  The stent deployment system of claim 20 wherein the expandable
member is tapered continuously from the first expanded diameter to the second expanded

diameter.

22.  The stent deployment system of claim 20 wherein the expandable
member has a proximal end portion fixed to the catheter shaft at a first location and a distal
end portion fixed to the catheter shaft at a second location, the proximal end portion having a
reverse taper between the first location and the proximal extremity, the distal end portion
having a distal taper between the distal extremity and the second location, the expandable
member being tapered between the proximal end portion and the distal end portion at a slope

substantially less than the slope of the distal taper.
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23.  The stent deployment system of claim 20 wherein the expandable

member is tapered at a slope of about 0.5-5%.

24. The stent deployment system of claim 20 wherein the first diameter is

about 3-5 mm and the second diameter is about 2-4 mm.

25.  The stent deployment system of claim 20 further comprising a pusher

for slidably advancing the stent segments distally relative to the expandable member.

26.  The stent deployment system of claim 25 wherein the pusher
comprises a tubular member slidably disposed over the catheter shaft and having a distal end

for engaging a stent segment.

27.  The stent deployment system of claim 20 wherein the expandable
member is adapted to expand a first plurality of stent segments simultaneously while a second

plurality of stent segments remains unexpanded.

28.  The stent deployment system of claim 27 further comprising a sheath
slidably disposed over at least a proximal portion of the expandable member, the second
plurality of stent segments being disposed on the proximal portion, the sheath being

configured to restrain expansion of the proximal portion and the second plurality of stents.

29. A method of deploying stent segments in a blood vessel having a
luminal taper, the method comprising:

transluminally introducing a catheter into the blood vessel, the catheter having
an expandable member near a distal end thereof;

positioning a first plurality of independent stent segments over the expandable
member such that a first stent segment is on a proximal extremity of the expandable member
and a second stent segment is on a distal extremity of the expandable member, the first and
second stent segments being independently movable relative to the expandable member; and

expanding the expandable member such that the proximal extremity has a first
expanded diameter and the distal extremity has a second expanded diameter smaller than the
first expanded diameter, wherein the first stent segment is expanded to a diametet larger than

the second stent segment.
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30.  The method of claim 29 further comprising, after expanding the
expandable member, slidably positioning a second plurality of independent stent segments

over the expandable member with the catheter remaining in the blood vessel.

31.  The method of claim 29 further comprising constraining a proximal
portion of the expandable member from expansion while a distal portion of the expandable

member is expanded, the proximal and distal extremities being in the distal portion.

32.  The method of claim 31, wherein at least a third stent segment is
slidably disposed on the proximal portion.

33.  The method of claim 31, wherein the expandable member is
constrained by a sheath slidably disposed over the proximal portion of the expandable

member.

34.  The method of claim 30, wherein the second plurality of independent
stent segments is slidably positioned over the expandable member by a pusher slidably

coupled to the catheter.

35.  The method of claim 30, wherein the second plurality of independent
stent segments is slidably positioned over the expandable member by retracting the

expandable member relative to the second plurality of independent stent segments.

36.  The method of claim 29, wherein the first plurality of independent
stent segments is positioned over the expandable member while the catheter is disposed in the

blood vessel.

37.  The method of claim 29, wherein the expandable member is tapered

between the proximal extremity and the distal extremity when expanded.

38.  The method of claim 37, wherein the expandable member is tapered

when expanded to correspond generally with the luminal taper.

39.  The method of claim 29, wherein the proximal extremity has a first
axial length of a first constant diameter and the distal extremity has a second axial length of a

second constant diameter when the expandable member is expanded.
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40.  The method of claim 39, wherein the first and second axial lengths are

approximately equal.

41.  The method of claim 39, wherein the first and second axial lengths

correspond to the length of a stent segment.

42.  The method of claim 29, wherein the expandable member is expanded
to an expanded configuration comprising a plurality of steps of decreasing diameter between

the proximal and distal extremities.

43.  The method of claim 42, wherein each step has an axial length selected

to accommodate a pre-selected number of stent segments.
44.  The method of claim 42, wherein the pre-selected number is one.

45.  The method of claim 29, further comprising positioning a third stent
segment on the expandable member adjacent to the first stent segment and positioning a
fourth stent segments on the expandable member adjacent to the second stent segment, the

third stent segment being expanded to a diameter larger than the fourth stent segment.

46.  The method of claim 45, wherein the third stent segment is expanded
to a diameter different than the first stent segment and the fourth stent segment is expanded to

a diameter different than the second stent segment.

47. A stent deployment system comprising:

an elongated catheter shaft having a proximal end and a distal end;

an expandable member mounted to the catheter shaft near the distal end, the
expandable member having a plurality of surface features projecting outwardly therefrom;
and

a stent slidably positionable over the expandable member, wherein the surface
features allow sliding movement of the stent distally relative to the expandable member and

inhibit sliding movement of the stent proximally relative to the expandable member.

48.  The stent deployment system of claim 47, wherein the surface features

comprise flexible and resilient projections.
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49, The stent deployment system of claim 48, wherein the projections

normally point in a distal direction from the expandable member.

50. The stent deployment system of claim 48, wherein the projections are

deflectable so the projections point in a proximal direction from the expandable member.

51.  The stent deployment system of claim 48, wherein the projections
extend from the expandable member at an angle, the angle being variable by manipulating the

expandable member.

52.  The stent deployment system of claim 51, wherein the angle is variable

by inflation of the expandable member.

53. |, The stent deployment system of claim 51, wherein the angle is variable

by tensioning the expandable member.

54. The stent deployment system of claim 47, wherein the surface features

comprise flexible and resilient ribs.

55. The stent deployment system of claim 54, wherein the ribs have a
curvature so as to be convex on a proximal side thereof, the curvature being selected to allow

distal movement of the stent over the rib.

56.  The stent deployment system of claim 55, wherein the ribs have a

distal side configured to engage the stent to inhibit proximal movement thereof.

57. The stent deployment system of claim 55, wherein the ribs are

deflectable to allow proximal movement of the stent over the rib.

58.  The stent deployment system of claim 47, wherein the surface features
are configured to engage the stent, further comprising means for varying the degree of

engagement of the stent by the surface features.

59. A stent deployment system comprising:
an elongated catheter shaft having a proximal end and a distal end;
an expandable member mounted to the catheter shaft near the distal end, the

expandable member having an outer surface; and
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a stent slidably positionable over the outer surface of the expandable member,
wherein the outer surface is configured to allow sliding movement of the stent distally
relative to the expandable member and inhibit sliding movement of the stent proximally

relative to the expandable member.

60.  The stent deployment system of claim 59, wherein the outer surface

comprises a plurality of projections projecting outwardly therefrom.

61.  The stent deployment system of claim 60, wherein the plurality of
projections point generally in a distal direction to facilitate movement of the stent distally

relative thereto and to inhibit movement of the stent proximally relative thereto.

62.  The stent deployment system of claim 61, wherein the projections are

resiliently deflectable so as to point generally in a proximal direction.

63.  The stent deployment system of claim 60, wherein the projections
project at an angle from the outer surface, the angle being variable in response to tension in

the outer surface.

64.  The stent deployment system of claim 63, wherein the angle is variable

in response to inflation of the expandable member.

65. The stent deployment system of claim 59, wherein the outer surface

comprises a plurality of ribs configured to engage the stent.

66.  The stent deployment system of claim 65, wherein the ribs are convex

on a proximal side thereof.

67.  The stent deployment system of claim 66, wherein the ribs have a

distal side configured to inhibit proximal movement of the stent.

68.  The stent deployment system of claim 65, wherein the ribs are

deflectable to allow movement of the stent proximally relative thereto.
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