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Stent Device Delivery System
and Method of Making Such

Field of the invention

The present invention relates to a stent device delivery
system comprising a stent device and an cuter sheath
overlaying the stent device. The outer sheath is axially
retractable relative to the stent device in order to deploy
the stent device. The present invention also relates to a

method of making the stent device delivery system.

Background to the invention

Stent device delivery systems are known in the art. The
purpose of such a system 1is to deliver a stent device to a
diseased vascular lumen. The stent device provides a support

structure against collapse of the diseased vascular lumen.

There are at least two types of stent device delivery systems

that are of relevance to the present invention.

A first type provides a rolling cuter sheath for deploying a
stent device. Such a “rolling” outer sheath system is
disclosed in US 6,544,278, for example. The outer sheath is
made from a tubular sleeve that is folded back upon itself in
order to define an inner layer, an outer layer and a fold-
over portion connecting the inner layer and the outer layer.
The inner layer and the outer layer overlay the stent device
in a delivery configuration of the stent device. The outer

layer is axially movable relative to the inner layer in a
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proximal direction, which causes the fcld-over portion to
move axially from a distal end to a proximal end of the stent
device in a rolling manner, thereby retracting the ocuter
sheath from the stent device. The stent device, unconstrained
by the outer sheath, is able to radially expand into an
operative configuration for supporting the diseased vascular

lumen.

A second type of priocor art delivery system provides an outer
sheath that sliides, rather than rolls, over the stent device
in retracting the cuter sheath from the stent device. Such a
delivery system is disclosed in, for example WO 2006/133959.
In this “pullback” outer sheath system, a preximal end of the
outer sheath 1s pulled upon in order to drag the cuter sheath

axially from the stent device.

In terms of deployment force, rolling ocuter sheath delivery
systems are advantageous 1in some cilrcumstances as compared to
pullback outer sheath delivery systems. In pullback ocuterxr
sheath delivery systems, friction between the ocuter surface
of the stent device and the inner surface of the cuter sheath
has to be overcome in order to move the outer sheath relative
to the stent device. The longer the stent device, the greater
the friction that has to be overcome. This puts certain
constraints on what materials can be used for the outer
sheath because of strength issues. Rollback outer sheath
delivery systems are not as constrained by high fricticnal
force considerations, but deployment force can still be a
problem as, during rollback, the fold-over portion must
generally slide against a more proximal portion of the inner
layer. However, two-layer rcollback constructions can
disadvantageously increase the cross-—-sectioconal profile of the
stent relative to single-layer puliback construction. In
order to allow for a rolling outer sheath delivery system of

comparable profile to a pullback system, the outer sheath is
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made of thinner, and thus weaker, materials than an
eguivalent pullback outer sheath delivery system. However, if
the friction during rollback exceeds the strength of the
materials used, reliability of the rolling outer sheath stent

delivery system may be Jjeopardised.

In both the pullback outer sheath delivery stent device
delivery systems and the rolling outer sheath stent device
delivery systems, a pull member is used to apply a pulling
force to retract the outer sheath from the stent device. The
pull menmber may extend from a handle portion to a position
just proximal of the stent device where it is attached to the
cuter sheath. Cne way to attach a pull member to an outer
sheath 1s disclosed in WO 2006/133%59, which is referred to
above. In this document, ocuter and inner bands are arranged
with the ocuter sheath compressed between them. 2 pull wire or
pull member is brazed te the inner band and runs all the way
back to a handle portion of the stent device delivery systen.
A strong and reliable connection between the pull member and
the outer sheath is essential for successful deployment of
the stent device by retracting the outer sheath. It is
desirable to provide an alternative manner of strongly
attaching the pull member to the outer sheath, while also

retaining a low profile configuration.

Accordingly, 1t is an object of the present invention to
provide a stent device delivery system that is reliable in
terms of deployment of the stent device by retracting the
outer sheath and 1s low profile for ease of delivery of the
stent device to the diseased vascular lumen site. It is also
an cobject of the present invention to provide a method of

making such a stent device delivery system.

Other objects of the present invention and advantages of

features of the present invention will become apparent to the
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skilled reader from the following description of the

invention.

Summary of the invention

In cne aspect, the present invention provides a stent device
delivery system comprising a stent device and an outer sheath
overlaying the stent device in a radially compact delivery
configuration of the stent device. The outer sheath is
retractable relative to the stent device in order to allow
radial expansion of the stent device to a deploved
configuration of the stent device. The outer sheath comprises
a first layer of polymeric material (or plastic layer) and a
reinforcement laver of polymeric material (or reinforcement
plastic layer) that are laminated together. 1In a preferred
embodiment, the first layer and the reinforcement layer are
glued together by a glue layer radially between the first
layer and the reinforcement laver.

The first aspect of the present invention allows the ocuter
sheath to be made of plastic lavers, which allow the outer
sheath to be made relatively thin as compared to some prior
art outer sheaths. Suitable plastic materials for the cuter
sheath, as many polymers, are generally neckable under
tension from a pull member which would cause the outer sheath
te reduce in diameter. This reduction in diameter may result
in an increased radial compression on inner components of the
system resulting in an increased deployment force. This, if
beyend a maximum allowable threshold for the sheath, could
give rise to deployment failure. The reinforcement plastic
layer of the first aspect of the present invention
strengthens the first plastic layer, while the preferred
presence of the glue layer has been found to strongly inhibit
necking of the first plastic layer and the reinforcement
plastic layer, as glues typically are not substantially

ductile when set or cured. This combination of layers has
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been surprisingly found to offer a thin outer sheath that

reliably deploys without undue increase in deployment force.

Preferably, the first layer, the reinforcement layer and,
where present, the preferred glue layer overlay, and thus
extend along, the stent device. Necking of the outer sheath
in the regilon of the stent device would particularly present
a barrier to successful retraction of the outer sheath from

the ztent device.

In another preferred embodiment, the ocuter sheath comprises a
distal portion overlaying the stent device and a transition
portion proximal of the stent device, wherein the transition
portion tapers in a proximal direction. Preferably, a portion
of the outer sheath proximal of the transition pertion
includes the first layer, the reinforcement layer and
preferably, the glue layer of the outer sheath. Preferably,
the tapering portion includes the first layer, the preferred
glue layer and the reinforcement layer. It has been found in
practice that the cuter sheath is particularly stressed at
the transition portion and proximal to the transition portion
when belng pulled for retraction from the stent device.
Accordingly, provision of the reinforcement layer and the
preferred glue layer at at least one of these locations is

particularly advantageous for the avoidance of fallure.

The stent device delivery system preferably further comprises
a pull member attached to the outer sheath to be pulled upon
in order to retract the outer sheath from the stent device.
Preferably, the pull member 1s embedded and sandwiched
between the first layver and the reinforcement laver.
Preferably, the pull member is embedded in the glue layer.
Embedding the pull member in the glue layer allows uniform
transfer of force while providing local strength. This marner
of attachment of the pull member to the cuter sheath is

sufficiently strong for retraction of the outer sheath from
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the stent device, allows a low profile configuration and is

easy to manufacture.

In one preferred embodiment, the preferred glue layer, the
pull member, the first layer and the reinforcement layer
coextend axially for a distance of at least about 1 inch (3
cm), at least about 2 inches (5 cm) or at least about 3
inches (8 cm). This feature of the first aspect of the
present invention ensures a strong attachment of the pull

member to the outer sheath.

The above described first reinforcement layer of the cuter
sheath and the above described attachment of the pull member
to the outer sheath are applicable to both a pullback stent
device delivery system and a rolling membrane stent device
delivery system. In the former system, the first laver is in
sliding contact with the stent device and the preferred glue
layer and the reinforcement layer overlays the stent device.
Pulling on the pull member will cause the first layer, the
preferred glue layer and the reinforcement laver to move
axially relative to the stent device in conjunction as a
single laminar structure. The first layer and the
reinforcement layer are integrally formed with one another.
That is, the first layer and the second layer are formed from
the same tube of material, which has been folded back on
itself. Preferably, the pull member overlays the stent device
and extends to a distal end of the stent device. This has
been found to offer an effective solution for ensuring
succegssful pulliback of the outer sheath. In the latter
delivery system, the outer sheath comprises an inner laver,
an outer layer and a fold-over portion connecting the inner
layer and the ocuter layer, whereby axial movement of the
outer layer relative to the inner layer causes axial movement
of the fold-over portion relative to the stent device so that
the fold-over portion can be moved proximal of the stent
device in order to retract the outer sheath. The outer layer

includes the first layer, the preferred glue laver and the
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reinforcement layer. In a rolling system, necking of the
outer layer, and the concomitant increase in radial friction
forces, can cause the cuter sheath to stick during
retraction. Accordingly, it offers deployment reliability to
form the outer laver with the first layer, the reinforcement
layer and the preferred glue layer. Preferably, the pull
member is attached to the outer sheath at the proximal
porticon of the outer sheath (the portion proximal of the
trangition portion) discussed above in the rolling stent

device delivery system.

The first layer and the reinforcement laver are preferably
cold-drawn plastic layers. Such lavers are thin, strong and
easy to manipulate during manufacturing of the stent device
delivery system. Preferably, the plastic is polyethylene
tTerephthalate (PET). This is a particularly useful material
for the outer sheath of the first aspect of the present
inventicon. Cold-drawing of the sheath during manufacture with
the stent in place permits a reduced profile to be
maintained. However, due to the reduced profile, such
configurations are particularly susceptible to the necking

effect described sarlier.

Preferably, the pull member is a pull wire. Preferably, the
pull wire is flattened along at least a portion where it is
embedded in between the first layer and the reinforcement
layver. This ensures both a low profile configuration, an
increased surface area for interaction with the lavyesrs, and a

strong attachment te the outer sheath.

The above described manner of attaching a pull member to an
outer sheath of a stent device delivery system is also an
independently applicable modification to the prior art.
Accordingly, in a second aspect of the present invention
there is provided a stent device delivery system comprising a
stent device and an outer sheath overlaying the stent device

in a radially compact, delivery configuration of the stent
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device. The outer sheath is retractable relative to the stent
device to allow radial expansion of the stent device to a
deployed configuration. The outer sheath includes a first
layer and a second layer that are laminated together and
preferably glued together by a glue layer radially between
the first and second layers. A portion of the pull member is
attached to the ocuter sheath by positioning the portion
radially between the inner and cuter layers of the outer
sheath. Preferably, the portion of the pull member is
embedded in and glued by the glue laver. This attachment of
the pull member to the outer sheath allows a sufficiently
strong attachment force, while avoiding measures that

necessitate an increase in profile of the delivery system.

In a preferred embodiment, the pull member is positicned
radially between the first layer and the second laver of the
outer sheath, and preferably embedded in the glue layer, for
an axilal distance of at least about 1 inch (3 cm), at least
about 2 inches (5 cm), or at least about 3 inches {8 cm). A
iong attachment distance ensures a strong connection of the
pull member to the outer sheath.

Preferably, the pull member is a pull wire. The pull wire is
preferably flattened at a distal end porticon where the
portion is embedded between the inner and outer laver. This
measure increases the attachment area while maintaining a low

prcfile configuration.

Preferably, the first and second lavers are made of a cold-
drawn plastic, preferably a cold-drawn polyester material
such as cold-drawn PET.

It is a preferred embodiment of the present invention to
combine the first and second aspects. Thus, preferably the
first layer of the second aspect of the present invention is
the first layer of the first aspect of the present invention

and the second layer of the second aspect of the present



WO 2011/067280 PCT/EP2010/068627

invention is the reinforcement layer of the first aspect of

the present invention.

In a third aspect of the present invention, there is provided
a stent device delivery system comprising a stent device and
an outer sheath overlaying the stent device in a radially
compact, delivery configuration of the stent device. The
outer sheath 1s retractable from a distal end of the stent
device to a proximal end of the stent device to allow for
radial expansion of the stent device to a deployed
configuration. An inner catheter extends within a lumen of
the stent device and provides a stent bed upon which the
stent device is located. The stent bed defines an inwardly
tapering profile, narrowing in radius from a distal portion
of the stent device tc a proximal portion of the stent

device.

The tapering profile of the stent bed, it is thought, induces
a tapering profile to the stent device, which is radially
narrower at the proximal portion than the distal portion of
the stent device. Necking typically occurs in an extended
interval during retraction. By allowing the proximal portion
or the stent to be compressed to a greater extent then the
distal portion, as the sheath retracts, the moving distal
edge of the outer sheath progressively passes over a radially
narrower stent bed. This has consegquently been found to
reduce deployment force and also inhibits stent device

deployment failure,

In a preferred embodiment, the stent bed tapers at a gradient
(change in outer diameter of the stent bed divided by axial
length over which the change in outside diameter occurs) of
0.0003 to 0.005, preferably 0.0005 to 0.002 and preferably
0.0006 to 0.000%. One way to calculate the gradient is to
determine the largest outer diameter of the stent bed which
will be at the distal portion of the stent device, and

determine the lowest outer diameter of the stent bed, which
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will be at the proximal portion of the stent device. A linear
change from the largest outside diameter to the smallest
cutside diameter can then be assumed in order to determine
the gradient. While in some embodiments, the tapering profile
is linear, other embodiments are envisaged, as below, where
the change in outer diameter occurs stepwise. Cne
implementation could involve the outer diameter changing by
varying extents along the length of the stent device. The
gradient 1s, 1in essence, an average gradient of the stent bed
over the length of the stent device from the distal portion

to the proximal portion.

In one embodiment, the stent bed is axially continuous with
respect to the stent device. The stent bed thus forms a
continucusly tapering profile from the distal portion to the
proximal portion of the stent device. In ancther embodiment,
the stent bed is formed by a plurality of axially separated
portions, such as axially separated band members. In the case
of the use of axially separate band members, the bands have a
progressively reducing outside diameter in the proximal
direction, which preferably involves a stepwise reduction
from one band to an adjacent band in the proximal direction,
where each band has a constant outside diameter.
Alternatively, the bands themselves can have an inwardly
tapering ocutside diameter in the proximal direction. In both
the continuous layer and separated band members embodiments,
the stent bed may taper in a step wise fashion and there may
be 2, 3, 4, 5, 6 or more steps. Thus, there may be 2, 3, 4,

5, & or more band members.

As well as, 1t is thought, inducing a tapering profile on the
stent device, the stent bed also has a holding function for
axially heolding the stent device relative to the inner
catheter. The stent bed is preferably made of a compressible
material and the stent device is pressed into the stent bed
to deform the stent bed. The cuter sheath maintains the stent

device partially embedded in the stent bed in this way. This
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partial embedding provides a form fit resisting undesirable
axial movement of the stent device relative to the inner
catheter. Further, the stent bed is preferably made of a
tacky material, which provides a radial as well as an axial
holding force on the stent device relative to the inner
catheter. During expansion of the stent device, the stent
device peels away from the tacky material of the stent bed.
The use of both tacky and compressible materials for the
stent bed provides a combination of form f£it and high
strength axial lock to securely position the stent device in
an axlal direction, which will assist in correct positional
deployment at the target diseased vascular lumen site.
Suitable materials for the stent bed are rubber, =silicone
glue or polyether block amide (PEBAX). Ancther example
suitable material is the glue sold under the trade name
Dymax. The materials may be sprayed on or coated on in some

other way.

The stent bed is preferably formed as a layer on the inner

catheter,

Preferably, the stent device delivery system comprises a pull
memper Tor putting in endwise tension to retract the outer
sheath. The outer sheath preferably comprises a distal
portion overlaying the stent device, a proximal portion where
the outer sheath is attached to the pull member and a
transition porticn connecting the distal portion and the
proximal portion, where the transition portion tapers
inwardly from the distal portion to the proximal portion.
Thus, the outer sheath is attached to the pull member at a
radially inward position as compared to the outside diameter
of the outer sheath at the distal portion overlaying the
stent device. In such a pulling configuration, the pulling
force is imparted to the outer sheath from a radially inward
location. The tapering profile of the stent bed is
particularly useful in such configurations for reducing

depleyment force and increasing deployment reliability.
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The tapering profile is particularly useful when applied to a
rolling stent device delivering system. Thus, in a preferred
embodiment, the outer sheath comprises an inner laver,
contacting an outer surface of the stent device, an ocuter
layer and a fold-over portion connecting the inner layer and
the outer layer. Proximal movement of the outer layer
relative to the inner layer will cause the fold~over portion
to move proximally axially relative to the stent device and
thus enables retraction of the outer sheath. The tapering
profile of the stent bed can yield an ever increasing ease of
sliding between the inner layer proximal portion still on the
stent device and the outer layer sliding past it proximally
to ease any tendency for sticking of the rolling mechanism.
Tt is thought that undulations on the ocuter surface of the
stent device, perhaps in combination with necking of the
cuter sheath, has, in the past, caused sticking of the
rolling mechanism, which increases the deployment force and
can cause depleyment failure. It is believed that the
increased gap provided by the tapering profile alleviates or

avoeids such difficulties.

The tapering profile is also applicable to a pullback stent
device delivery system. In such a system, the outer sheath
slides over the stent device from a distal end to a proximal
end during retraction as the pull member is put under endwise
tension. In cone embodiment, the outer sheath comprises a
first layer and a second or reinforcement layer that are
laminated together, preferably by a glue layer radially
between the first and second lavers so that the first layer,
the preferred glue layer and the second layer are moved
axially in conjunction relative to the stent device to
retract the outer sheath. Even if the inner layer and the
outer layer are made of a neckable plastic material, which
can advantageously be made thin, the tapering profile allows
a small amount of necking of the outer sheath towards a
proximal end of the stent device to not cause sticking of the

outer sheath during retraction.
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Preferably, the outer sheath is formed having a tapering
profile feollowing the tapering profile of the stent bed.
“"Following” the taper here means tapering in the same
direction. Preferably, the outer sheath also tapers at the
same gradient as the stent bed. The manner in which this is
achleved is described below. Having the outer sheath tapered
in this way reinforces the advantages of reducing stent
deployment force and increasing stent deployment reliability.
Similarly, it is thought, the stent device is preferably
forced to share the tapering profile of the stent bed by
compression against the tapering stent bed and by the
tapering profile of the ocuter sheath. The outer sheath may be
formed having a tapering profile in a region enclesing the
stent, or the taper of the outer sheath may extend

substantially beyond the region enclosing the stent device.

In one embodiment, the outer sheath is formed by folding a
sleeve of material, preferably plastic, back onto itself so
as to define the inner layer and the outer layer of the outer
sheath in the rolling system described above or the first
layer and the second layer in the pull back system described
above. Glue can be applied between the first and second
layers or the first and second lavers can be laminated
together to form the pull back stent device delivery system
discussed above or the inner and outer layers can be allowed
to move relative to one another to provide the rolling stent
device delivery system discussed above. Preferably, the
sleeve of material is formed into the tapered profile of the
cuter sheath including the portion of the sleeve that will
form the inner or first layer and the portion of the sleeve
that will form the outer or second layer. This provides an
outer sheath having an inner or first layer tapering inwardiy
from the distal portion to the proximal portion of the stent
device and an outer or second layer that tapers outwardly
from the distal portion teo the proximal portion of the stent
device, thereby further increasing the potential gap between

these layers to avoid sticking during retraction of the ocuter
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sheath. The outer sheath is preferably made of a cold-drawn
plastic material. The cold-drawn plastic material is formed
into the tapered profile by cold-drawing over a tapered

mandrel ag described below.

The features cof the first, second and third aspects of the
present invention are combinable. Thus, features of the stent
device delivery system described with respect to any one of
the first to third aspects of the present invention may be
combined with the stent device delivery system of any one of

the other aspects of the present invention.

In a fourth aspect ¢f the present invention, there is
provided a method cof making & stent device delivery system.
The method comprises a step of loading the stent device inte
a sleeve of plastic material. The method further comprises a
step of positicning an inner catheter into a lumen of the
stent device. The inner catheter presents a stent bed for the
gtent device to be located upon. The stent bed has a tapering
profile. The method yet further comprises a step of cold-
drawing the sieeve with the stent device lcoaded therein and
located on the stent bed to reduce the diameter of the
sleeve, and thus the stent device, to engage the stent device
and the stent bed and put the stent device into a reduced
profile, delivery configuration. The sleeve provides an ocutfer
sheath of the stent device delivery system that is
retractable relative to the stent device to allcocw the stent

device to radially expand to a deployed configuration.

Cold-drawing of the outer sheath according to the above
methed forces the stent device ontoc the stent bed, which
will, it is thought, induce the tapered profile of the stent
bed to the stent device. Further, the outer sheath will be
cold-drawn to share this tapered profile. The benefits of
this tapered profile have been discussed above. Cold-drawing
the stent alsoc permits the coverall profile of the delivery

system to be advantagecusly reduced by a combination of
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enhanced stent compregsion and reduced sheath radial

thickness.

The sleeve of plastic material may be folded back onto itself
to provide the outer sheath with a first layer, & second,
outer layer and a distal fold-over portion connecting the
first layer and the second layer. The first layer and the
second layer may be laminated together, preferably by a glue
layer, in providing a pullback stent device delivery system.
Alternatively, the inner layer and the outer lavyer may be
left movable relative to one another to provide a rolling
stent device delivery system whereby the first, inner layer
and the second, cuter laver are able to be moved relative to
one another to cause the fold-over portion (rolling edge) to
move relative to the stent device thereby allowing retraction

of the outer sheath, and the stent to be radially expanded.

The tapering profile of the stent bed tapers inwardly from a
distal portion of the stent device to a proximal portion of
the stent device. The terms distal and proximal in this
instance are tc be understood with respect to the distal

fold-over portion.

In a preferred embodiment, a mandrel is poesitioned within the
sleeve of plastic material at a distal end of the stent
device. The mandrel has a tapering profile that continues the
tapering profile of the stent bed. The sleeve of plastic
material is cold-drawn onto the mandrel, which provides a
cold-drawn portion overlaying the stent device and a cold-
drawn extension portion overlaying the mandrel. The extension
portion is folded back over the stent device portion to
provide a first, inner laver of the cuter sheath and a
second, outer layer of the cuter sheath. When folded back,
the second layer defines a reversely directed tapering
profile, which increases a gap between the first laver and

the second layer, which reduces the chances of sticking of
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the outer sheath during retraction of the outer sheath from

the stent device.

The method can be further defined so as to provide the
features of the stent device delivery system according to the
above first, second, and third aspects of the invention and
to provide features of the hereinbelow described further

aspects of the present invention.

In a fifth aspect of the present invention, there is provided
a stent device delivery system comprising a stent device and
an outer sheath overlaying the stent device in a radially
compact, delivery configuration of the stent device. The
outer sheath is retractable to allow the stent device to
radially expand to a deployed configuration. The stent device
delivery system comprises a pull member for pulliing
proximally on to retract the cuter sheath. A porticon of the
outer sheath is heat shrunk radially onto & relatively heat
shrink resistant support member in order to capture a distal
portion of the pull member radially between the outer sheath

and the heat shrink resistant support member.

This aspect of the present invention cffers a strong
connection of the pull member to the outer sheathn by making
use of heat shrink material, which after heat shrinking,
provides a compressive force on the pull member between the
heat shrunk material and the support member. Further, without
the features of the present aspect of the invention, the
portion of the outer sheath that connects to the pull member
is potentially subject to failure. In the present aspect of
the invention, this portion is strengthened by heat-
shrinking, which enhances the material properties of the heat
shrink sheath. The support member is resistant to heat-—
shrinking, i.e. does not substantially change its properties
atl the relevant heat shrink temperature, compared to the
portion of the outer sheath that has been heat shrunk. In

use, the pull member is subjected to a proximal pulling
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force, which moves the pulling member, the cuter sheath and
the support member proximally with respect o the stent

device to retract the outer sheath.

Preferably, the captured portion of the pull member extends
an axial distance of at least about 1 inch (3 cm), at least
about Z inches (5 cm), or at least about 3 inches (8 cm).
Preferably, the captured portion of the pull member defines a
flattened profile with respect to the radial direction. These
features both contribute to providing a strong attachment
between the pull member and the outer sheath.

The portion of the outer sheath is heat shrunk onto the heat
shrink resistant support member at an axial portion of the
outer sheath that is proximal of the stent device. Exposing
the stent device to heat, such as the heat regulired to heat
shrink the outer sheath, is to be avoided especially in cases
where the stent is manufactured from shape-memory alloys such
as Nitinol. Similarly, exposing cold-drawn polymers, such as
may be used to encapsulate the stent device, the heat will
tend to negate the beneficial physical properties achieved by
the cold-drawing process. By positioning the heat shrunk
attachment of the pull member proximally of the stent device,
a distinction can be made between a so-called “hot side” of
the stent device delivery system that is proximal of the
stent device and a so-called “cold side” of the stent device
delivery system that consists of the remaining distal portion

thereof.

The heat shrunk portion of the outer sheath provides a
transition portion connecting the heat shrunk portion to a
distal portion of the outer sheath overlaying the stent
device. The transition portion tapers inwardly from the
distal portion to the heat shrunk portion. Accordingly, a low
profile heat shrunk portion, in which portion the pull member
is attached to the outer sheath, is provided, which will

allow it to be received in a sufficiently low profile
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delivery shaft extending back to a handle, control portion or
access portion of the stent device delivery system. A
transition section and a low profile portion proximal of it
has, in prior art designs, provided a relatively lower
strength area of the outer sheath, which has in turn led to
deployment failure. The present invention provides heat
shrunk material in this area to inhibit such possible

failures.

In a preferred embodiment, the fifth aspect of the present
invention is combined with the first aspect of the present
invention, resulting in a pull member that is strongly
attached to the cuter sheath in a manner that is relatively
simple to manufacture and forming a low profile stent device
delivery system. More specifically, the cuter sheath
comprises a first layer and a reinforcement laver that are
laminated together, preferably by a glue layer. The captured
portion of the pull member is positioned radially between the
first layer and the reinforcement laver, preferably embedded
in and retained by the glue laver. The first lavyer and the
reinforcement layer are heat shrunk onto the heat shrink
resistant support member to capture the pull member radially
between the outer of the two layers and the support member.
Compression of the glue layer and pull member by the heat
shrunk first layer and reinforcement layer enables an
advantagecusly reduced profile to be obtained and, by
reducing the thickness of any glue layer, enhances the bond

strencgth between these elements.

The fifth aspect of the present invention can be applied to a
rolling stent device delivery system. The outer sheath
comprises an inner layer, an outer layer and a fold-over
portion ceonnecting the inner lavyer and the outer layer. The
fold-over portion is axially movable relative to the stent
cdevice by moving the inner layer relative to the outer layer,
thereby allowing the outer sheath to be retracted from the
stent device. The ocuter laver i1s heat shrunk onto the heat
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shrink resistant support member to capture the pull member.
Preferably, the outer layer includes the above-mentiocned
first layer and reinforcement layer laminated together,
preferably by a glue layer. The first layer and the
reinforcement layer are heat shrunk onto the heat shrink
resistant support tube to capture the pull member. As stated
above, the heat shrunk portion of the outer sheath and the
captured portion of the pull member are positioned proximal

of the gstent device.

Preferably, the pull member is a pull wire, which is further

preferably flattened at the captured portion.

In the rolling stent device delivery system, the inner layer
is fixed relative to an inner catheter at a position proximal
of the stent device. The outer laver is, in use, moved
proximally relative to the inner laver to cause the fold-over
portion to progressively approach the fixed proximal end of
the inner layer during retraction of the outer sheath. In a
preferred embodiment, a proximal end of the inner layer is
heat shrunk radially onto the inner catheter to fix it
thereto. This makes use of the previously-described concept
of defining a “hot side” of the stent device delivery system
where materials can be heat-shrunk, distinct from a “cold
side”. Heat shrinking offers a convenient, in terms of
manufacturing, method of fixing the pull member to the outer
sheath and the proximal end of the inner layer to the inner

catheter.

Preferably, the proximal end of the inner layer of the ocuter
sheath, which is fixed relative to the inner catheter, peels
away under a pulling force as the fold-over portion, which
defines the rolling edge, meets 1t and i1s pulled further
proximally during retraction of the outer sheath. Heat shrink
attachment of the inner layer to the inner catheter, relying
on radial compression rather than adhesion to fix the inner

layer to the inner catheter, is able to provide an
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appropriate peel force, low enough to allow the inner layer
to come away from the inner catheter during retractiocn of the
cuter sheath, yet strong enough to otherwise, in use, stay

fixed relative to the inner catheter.

The stent device is held fixed relative to the inner catheter
by a holding mechanism presented by the inner catheter.
Preferably, the holding mechanism 1s, at least in part, a
stent bed according to the third aspect of the present

invention described ahove.

A suitable material for the heat resistant support member is
polyimide. A suitable heat shrinkable material for the outer
sheath is polyethylene terephthalate (PET).

The generally described features of the fifth aspect of the
present invention are combinable with any one or more of the
features of the first to fourth aspects of the present
invention in acccrdance with the corresponding combination of
features given in the first, second and third embodiments of

the present invention described in detail in the following.

In a sixth aspect of the present invention, there is provided
a method of making a stent device delivery system. The method
comprises providing a stent device and an outer sheath
overlaying the stent device in a radially compact delivery
configuration of the stent device, wherein the outer sheath
is retractable to allow the stent device to radially expand
to a deployed configuration. The method further comprises a
step of providing a pull member for attachment to the outer
sheath to be subjected to a proximal pulling force to effect
retraction of the outer sheath. The method yet further
comprises a step of positioning a relatively heat shrink
reslistant support tube within the outer sheath, at a position
axially proximal of the stent device. The method even yet
further comprises a step of radially heat shrinking a portion
of the cuter sheath onto the support tube to capture the pull
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member radially between the outer sheath and the support
tube.

In a preferred embodiment, the method further comprises
forming the outer sheath to include a first layer and a
reinforcement layer. The method comprises a step of
laminating the reinforcement layer to the first laver to
retain the pull member radially between the first layer and
the reinforcement layer. Preferably, the first layer is glued
To the reinforcement layer and the pull member is embedded in
a glue layer gluing the first layer and the reinforcement
layer together. The first layer and the reinforcement layer
are heat shrunk onto the support tube as described above to
capture the pull member radially between the outer sheath

layer and the support tube.

Preferably, the method further comprises loading a stent
device into a sleeve of material for forming the outer
sheath. The sleeve of plastic material is cold-drawn to
reduce the diameter of the sleeve and to reduce the diameter
of the stent device to put the stent device in the radially
compact, delivery configuration. The stent device is thus
provided with an outer sheath overlaying the stent device in
a radially compact, delivery configuraticn. The outer sheath
is retractable to allow the stent device to expand to a
radially expanded, deployed configuration. In a preferred
embodiment, the sleeve of plastic material is cold-drawn by
application of endwise tension ontce a mandrel positicned at a
disgtal end of the stent device to provide a first portion of
cold-drawn sleeve overlaying the stent device and an
extension portion of celd-drawn sleeve overlaying the
mandrel. The extension portion is folded back onto itself to
overlay the stent device so that the outer sheath comprises
an inner layer comprising the first portion, an outer layer
formed by the extension portion and a fold-over portion
connecting the inner layer and the outer layer, thereby

providing a rolling stent device delivery system.
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A proximal end of the sleeve of plastic material is fixed to
the inner catheter by heat shrinking the inner layer thereto
at a position axially proximally of the stent device, that is
to say at a position opposite to a distal end of the stent
device where the fold~over portion will be located.

After folding the sleeve of material onto itself to form the
inner layer and the outer layer as described above, the
reinforcement layer, being a further sleeve of plastic
material, 1is placed coaxially over the interim outer layer of
the outer sheath and laminated, preferably gliued, thereto to
form an outer layer having a first layer and a reinforcement
layer that are laminated together, preferably by a glue layer
racdially positioned therebetween. The cuter layer comprising
the first layer, the preferred glue layer and the
reinforcement layer is heat shrunk onto the support tube at a
position axially proximal of the stent device with the pull
member embedded between the first layver and the reinforcement
layer, preferably embedded in the glue layer, thereby
capturing the pull member radially between the outer sheath

and the support tube as described above.

The stent bed and optionally the mandrel may have a tapered
profile and the stent device delivery system may be produced
in accordance with the description given above for the fourth
aspect of the present invention. Further, the method may be
configured to produce features of the systems of any one or a
combination of the first, second, third and fifth aspects of

the present invention.

There are generally applicable features of the present
invention, in any of its aspects, that have yet to be

described.

The stent device delivery system preferably comprises a tip
at a distal end thereof. The tip may taper inwardly in a

distal direction in order to ease insertion into narrow
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passages. The tip preferably comprises an annular notch for

stationing the fold-over portion.

Preferably, the outermost layer of the outer sheath is
hydrophilic., Preferably, it is the outer surface of the
reinforcement layer that is hydrophilic. The purpose of this
is to ease passage of the stent device delivery system during
delivery to provide a lubricated distal surface of the system

for ease of passage during delivery.

The provision of an outermost layer of an outer sheath of a
stent delivery system is an independently applicable
modification to the prior art. Thus, it is disclosed to have
a stent device delivery system comprising a stent device and
an outer sheath overlaying the stent device in a radially
reduced, dellvery configuration. The outer sheath is
retractable to uncover the stent device to allow the stent
device to expand radially to a deployed configuration. An
outermost surface of the outer sheath is hydrophilic along at
least a distal axial peortion thereof overlaying the stent

device.

Preferably, the stent device is a self-expanding stent
device. Self-expanding stent devices are biased from the
delivery configuration to the radially expanded, deployed
configuration at body temperature. Suitable self-expanding
stent devices for application in the present invention are
well-known to the skilled person, and may be manufactured

from shape-memory alloys, such as Nitinol.

In the case of a self-expanding stent device, the radially
reduced, delivery configuration is a radially compressed,
delivery configuration. The outer sheath restrains the stent
device in the radially compressed, delivery configuration.
Retraction ¢f the outer sheath releases the stent device to

self-expand to the radlally expanded, deploved configuration.
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The laminate of the first layer and the reinforcement layer
are thinner than state of the art outer sheaths. The first
layer and the reinforcement layer are both between 30 and
40 um thick in the radial direction. Preferably, the
resulting laminate is less than 100 um thick, preferably
between 70 and 90 um. Despite this reduced thickness, the

laminate maintains the required strength characteristics.

In presently preferred embodiments of any of the described
aspects of the present invention, at least a partial length
0f the portion of the pull member captured radially between
the first and reinforcement lavers of the ocuter sheath is
formed with a varying radial prcofile along the said length.
Such a construction allows the pull member to exhibit

improved resistance to dislocation under high pull forces.

In one embodiment, the varying radial prcofile extends from
the distal end of saild portion. Such a configuration presents
a particularly improved resistance to dislocation of the pull

member.

In a preferred embodiment, the varying radial profile extends
along substantially half the entire length of the captured
portion of the full member, and preferably along
substantially the entire length of the captured portion. Such
a configuration has particularly high resistance to

dislocation of the pull member.

In a presently preferred embodiment of the present invention,
the varying radial profile defines pockets within which glue
is accemmedated. Such a configuration allows a defined
thickness of glue, sufficient to adequately adhere the pull
member to one or more of the first and reinforcement lavers,
toc be reliably provided between the pull member and the said
one or more layers. The strength of adhesion required may

thus be reliably obtained.
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In one preferred embodiment, the varving radial profile is
substantially periodic. Such a configuration is esasy to

manufacture and reliable in operation.

In one presently preferred emboediment, the varying radial
profile 1s provided by a longitudinal undulaticn of the pull
member. This may ke provided by deforming a flattened portion
of the pull member into such an undulating configuration.
This configuration provides particular advantages of ease of
manufacture and reliability of operation. Alternatively, the
varying radial profile may be provided by a transverse

undulation of the pull member.

In some embodiments, the pull member is radially compressed
between the first and reinforcement lavers to a substantially
flattened configuration. Such arrangements exhibit a reduced
profile and permit glue, if present, to be evenly spread
between the laminated layers, improving consistency of
manufacture. In some such embodiments, the flattened pull

member is retained in a state of resilient compression.

In some embodiments, the varying radial profile includes a
textured surface, preferably selected from stippling, scoring
and cross hatching. Such a construction is easy to
manufacture and provides enhanced grip between the pull

member and the laminated surfaces.

In some embodiments, the varying radial profile includes pull
member retention means for engaging the internal surfaces of
the first and reinforcement layers of the outer sheath. Even
in empodiments without a glue present, such arrangements can

provide secure attachment of the pull member.

In presently preferred embodiments, the varying radial
profile includes a longitudinally varying component. However,
the varying radial prcfile may also or alternatively include

a transversely varying component.
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Accordingly, there is also provided a method of manufacturing
a stent device delivery system comprising the steps of:
providing a stent device; providing an outer sheath to the
stent device for retaining the stent device in a radially
compact delivery configuration and being retractable relative
to the stent device to allow radial expansion of the stent
device to a deployed configuration; providing a pull member
to the outer sheath; and laminating a reinforcement layer to
the outer sheath to capture & portion of the pull member
radially therebetween, wherein the pull member exhibits a
varying radial profile along at least a portion of the
captured length. Optionally, the method comprises the further
step of radially compressing the pull member to a flattened

configuration.

The present invention will be further understood from the
detailed description of the first, second and third stent
device delivery system given below. The detailed description
will also be useful for the skilled person in providing
guidance, although without limitation as to the combinability
of the varicus features of the various aspects of the present

invention given above,

Brief description of the Figures

Fig. 1 shows a stent device delivery system of the
pullback type, where the axial porticn of the ocuter
sheath overlaying the stent device is formed from a
lamination of first and second lavers of polymeric
material. A pull wire is embedded radially between
the first and second layers and extends to the

distal end of the outer sheath.

Fig. 2 shows a view of the stent device delivery system of

Fig. 1 whereby the stent device delivery system is
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rotated by 90° if one takes the proximal to distal
directicn as peointing to the clock face. This
particular cross-section shown allows the pull

member to be clearly viewed.

Fig. 3 shows a stent device dellvery system of the type
having a rolling outer sheath. Further, the pull
member is attached to an outer laver of the cuter
sheath at a position proximal of the stent device
by laminating a first layer of polymeric material
to the outer layer and sandwiching the pull member

radially therebetween.

Fig. 3A shows a variant cf the embodiment of Fig. 3
exhibiting a skived portion of the laminated ocuter

and first lavers.

Fig. 3B shews an enlarged portion of the variant of
Fig. 3A.

Fig. 3C shows a further variant of the embodiment of

Fig. 3.

Fig. 4 shows another stent device delivery system of the
rolling kind having an outer sheath that is
retracted by rolling an outer layer over an inner
layer. Further, a reinforcement laver is laminated
to the outer layer, which reinforcement layer
extends axially from a pesition proximal of the
stent device to a position overlaying the stent
device. The pull member is attached to the outer
layer of the outer sheath by being sandwiched
radially between the outer layer and the
reinforcement layer in the lamination of these two
layers. The stent device delivery system includes a

heat shrink resistant support tube and the outer
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layer is heat shrunk ontc the heat shrink support
tube. The heat shrink support tube is positioned

proximally of the stent device.

shows a view of the stent device delivery system of
Fig. 4 that has been rotated 90° clockwise and in a
particular cross-section to better show the pull

member.

shows a tapering stent bed design. The tapering
stent bed is also shown in the system of Figs. 1 to
4. The tapering stent bed is continucus from a
radially larger distal end to a radially smaller

proximal end.

shows an alternative design for a tapering stent
bed, which is made up of axially separated band
nembers, where the band members reduce in thickness
from a distal end of the stent bed so as to define

a tapering stent bed.

shows a particular configuration for a pull member
exhibiting a varying radial profile along a portion
captured radially between a first and reinforced
layer of an outer sheath, which may be used in
combination with the previcusly-depicted
embodiments, and especially those depicted in

Figs. 4 and 5. In the depicted embodiment, the pull
member has an undulating form achieved by deforming
the pull member into a sinusoidal configuration

along 1ts length.

shows enlarged detall of the embodiment of Fig. 8.

shows a particularly preferred variant of Fig. 8.
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Detalled description of at least

cne preferred embodiment of the invention

A first stent device delivery system 1 is shown in Figs. 1
and Z. The stent device delivery system 1 comprises an inner
catheter 3 having a stent bed 5 mounted on the inner catheter
3. A stent device 4 is clamped onto the stent bed 5 s¢ that
the inner surface of the stent device 4 engages with the
cuter surface of the stent bed 5. An outer sheath 2 extends
over the stent device 4 to constrain the stent device 4 in
the radially reduced, delivery configuration shown, where the
inner surface of the stent device 4 engages the outer surface
of the stent bed 5. The ocuter sheath 2 is retractable
relative to the inner catheter 3 and the stent device 4, and
thus to position an end of the outer sheath 2, which is a
distal end of the ocuter sheath 2, proximally of the stent
device 4 to a retracted position. The retracted position of
the outer sheath 2 frees the stent device to expand radially
from the delivery configuraticn shown to a deployment
configuration for supporting a diseased vascular lumen. The
stent device shown is preferably a self-expanding stent
device and moves to the deployed configuration, once the
outer sheath 2 1is retracted, by material memory. As the outer
sheath 2 i1s retracted, the stent bed 5 serves to hold the
stent device 4 axially stationary relative to the inner
catheter 3. The stent bed 5 is axially distributed along the
inner surface of the stent device 4 from about a proximal end
to about a distal end of the stent device 4 to ensure a
sufficient holding force to resist the outer sheath 2 causing
axial displacement of the stent device 4 relative to the
inner catheter 3. Other means for holding the stent device 4
relative to the inner catheter, such as a stop proximal of
the stent device, are known in the art and would be suitable

for this purpose.

The outer sheath Z is made from a polymeric material

comprising a first, outer layer 10 and a second, inner layer
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9 acting as a reinforcement layer 9. A glue layer 11 is
radially interposed between the first laver 10 and the
reinforcement layer 9. The first layer 10 and the
reinforcement layer 9 are laminated to one another by the
glue laver 11 sandwiched radially therebetween. The glue
layer 11 is distributed circumferentially arcund the outer
sheath 2. The laminated first and reinforcement layers 9, 10
extend from about a proximal end of the stent device to about
a distal end of the stent device. In fact, in the system 1
shown, the first and second layers 9, 10 extend beyond a
distal end of the stent device 4. Connecting the first and
gsecond layers 9, 10 is a fold-over porticn 12 at the distal
end of the cuter sheath 2. An inner surface of the
reinforcement layer 2 is in centact with an ocuter surface of

the stent device 4,

A pull member 7 for retracting the outer sheath 2 is
positioned radially between t he laminated first and
reinforcement lavers 9, 10 of the pull member 7 at a distal
end portion of the pull member 7. The glue layer 11, which
adheres the first and reinforcement lavers 9, 10 together is
spread along the distal portion of the pull member 7 and
contacts the pull member 7 to adhere the first and
reinforcement layers %, 10 of the outer sheath 2 to the
distal porticn of the pull member 7 as well as to each other.
The pull member 7 is a wire in the shown embodiment that has
been flattened along the distal portion as compared to a
proximal portion of the pull member 7, which is cylindrical.
The distal portion of the pull member 7 extends along the
stent device 4 from a proximal end to a distal end of the
stent device 4 and in the shown system 1, to a distal end of
the outer sheath 2.

Figs. 1 and 2 also show a tip member 6 attached to the inner
catheter 3. The tip member 3 has a recess 13, which receives

a distal end of the outer sheath 2. The tip member 6 has a



WO 2011/067280 PCT/EP2010/068627
31

middle, in the axial direction, section that iz of the same
diameter as the outer sheath 2 and tappers radially inwardly
towards the distal end of the tip member 6. In Fig. 1, the
inner catheter 3 can be seen as a simple tube in the axial
portion where the stent bed 5 and the stent device 4 is
located. At a position proximal of the stent device 4, the
simple tube of the inner catheter 3 is connected to a guide
portion 8 of the inner catheter 3 that comprises an inner
tube and a tubular sleeve overlaying the inner tube, where
the inner tube has formed through the wall thickness a
plurality of axially distributed slits formed so that the
extent of each slit in the circumferential direction exceeds
half of the clrcumference of the tube to allow the guide
portion of the inner catheter to be flexed. The configuration
of the guide portion of the inner catheter is the subject of
GB Patent application No. 0912665.7. The guide portion 8 of
the inner catheter 3 will not be described in further detail

in the present application.

A suitable material for the simple tube portion of the inner

catheter 3 is polyanmide.

Lanination of the first and reinforcement layers 9, 10 by the
glue layer 11 allows the outer sheath 2 to be made from
polymeric first and reinforcement layers 9, 10. Usually, and
particulérly for long stent devices, this would mean that the
outer sheath Z would be stressed to fallure or necking as the
outer sheath Z moves over the stent device 4 because of the
drag force between the inner surface of the cuter sheath 2
and the outer surface of the stent device 4. Necking of the
outer sheath 2 could also cause failure of the outer sheath 2
during retractiocn because it would too tightly grip the stent
device 4, which would cause a required retraction force
greater than the breaking strength of the outer sheath 2. The
combination of first and reinforcement lavers 9, 10 and a
means for laminating the first and reinforcement layers 9, 10

together has been found to be surprisingly resistive to
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necking of the outer sheath 2 during retraction of the outer
sheath 2 as well as to provide strength benefits beyond the

mere combinaticn of the layers 9, 10.

The outer sheath 2 is an integral structure in that the first
layer 9 and the second layer 10 are made from the same tube
of material, which is folded back upon itself and glued
together to form the reinforcement layer 9, the first layer
10 and the connecting portion 12 betwesen the first. The ocuter
sheath Z includes a transition portion 14 connecting a distal
axial portion 16 of the outer sheath 2, overlaying the stent
device 4, and a proximal portion 15. The transition portion
14 tapers inwardly from the distal portion 16 to the proximal
portion 15, as the proximal portion 15 has a radially reduced
configuration as compared to the distal portion 16. This
allows the radial bulk of the stent device 4 to be
accommodated at the distal portion and allows a reduced
profile guide portion at the proximal portion 15. The
transition portion 14 is particularly susceptible to failure
during retraction of the cuter sheath 2. Accordingly, in an
alternative to that shown in Figs. 1 and 2, the reinforcement
provided by the laminated first and reinforcement layers 9,
10 can extend proximally beyvond that shown so that the
laminated first and reinforcement lavyers 9, 10 form the outer
sheath in the distal portion 16 as well as the tapering
portion 14 and/or at least some of the proximal portion 15.
The stent bed € shown in Figs. 1 and 2 has a tapering profile
from a larger outside diameter distal end fo a smaller
outside diameter proximal end. Receiving the stent device 4
on such a stent bed ©° is advantageous for reasons discussed
further below. Examples for the tapering profile of the stent
bed can be seen in Figs. 6 and 7. In Fig. &, the stent bed is
formed by a centinuous layer applied to the inner catheter 3.
The stent bed 5 has a thicker profile at one end, the distal
end, than at the other end, the proximal end, of the stent
bed 5. In the embodiment shown, the stent bed 5 tapers

radially inwardly in a linear fashion from the distal end to
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the proximal end. The layer could, however, reduce in
thickness in the radial direction in a stepwise fashion or in
some other non-linear curved arrangement, such as in an
exponential fashion. In Fig. 6, the outside diameter of the
stent bed 5 is 1.4 mm at the distal end and 1.2 mm at the
proximal end and has an axial length of 220 mm. A gradient
for the tapering profile can be worked out by taking the
maximum change in thickness over the length of the stent bed
5 and dividing this value by the length of the stent beds,
which gives (1.4 - 1.2) / 220 = 0.00091, or 0.091%.

In Fig. 7 an alternative arrangement for the stent bed 5 1is
shown. The stent bed 5 is formed by a plurality of axially
separated band members 17. The band members 17 thus define
axially distributed gaps between each pair of band members 17
in the stent bed 5. In the embodiment of Fig. 6, there are
five band members 17, but the use of more band members or
indeed one or two fewer band members 1s envisaged as being
functional. Each band member 17 has a constant outer diameterxr
while the set of band members 17 reduce progressively in
thickness from the distal snd to the proximal end. Each band
member 17 may have a constant thickness as shown so as to
define a constant outside diameter for the stent bed 5 along
the axial portion where the band member 17 is located.
Alternatively, each band member 17 could itself define a
tapering profile. This tapering profile could follow a linear
path from the distal end of the stent bed 5 to the proximal
end. In another variation, each band member 17 could itself
define a tapering profile following a stepwise or non-linear
path. In the example of Fig. 7, the most distal band member
17 defines an outside diameter for the stent beds of 1.4 mm,
the second most distal band member 17 defines an outside
diameter for the stent beds of 1.35 mm, the middle band
member 17 defines an outside diameter for the stent beds of
1.30 mm, the second most proximal bkand member 17 defines an
outside diameter of 1.25 mm and the most proximal band member

defines an outside diameter cf 1.20 mm. The stent bed b
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extends over an axial length of 230 mm. Acccocrdingly, the
gradient of the tapering prcofile cof the stent bed 5 is (1.4 -
1.2y / 230 = 0.00087, or 0.087%. Other lengths of stent beds
are envisaged from 100 mm to 350 mm, for example. A range of
maximum change in the outside diameter of the stent bed 5
could be from 0.1 mm to 0.4 mm, for example. The esarlier
given ranges for the gradient of the tapering profile of the
stent bed 5 are preferred, and particularly gradients in the
range £.01% to 0.1%, more preferably 0.05% to 0.1%, are
desirable.

The stent bed b of Fig. & could be mades by spraying rubber or
gilicone glue onto the inner catheter 3. A Dymax medical
adhesive layer for the stent bed 5 is also envisaged. In the
example of Fig. 7, the stent bed 5 may be formed by polyether
block amide (PEBAX} or z Dymax adhesive. The band members 17
are preferably formed on the inner catheter 3, rather than
formed separately and slid over the inner catheter 3 into
positicn. These materials are chosen because they offer a
tacky and deformable stent bed 5 for receiving the stent
device 4. The tacky stent bed 5 provides a slight radial
force against expansion 4. The stent bed 5 will naturally
provide an axial holding force for the stent device 4
relative to the inner catheter 3 by friction between the
stent device 4 and the stent bed 5. FPurther, the
deformability of the stent bed 5 allows the stent device 4 to
be partially embedded intec the outer surface of the stent bed
5, which will provide z form f£it between the stent device 4
and the stent bed &, which further ensures a sufficient hold
of the stent device 4 relative to the inner catheter 3. The
use of a stent bed 5 that is distributed along an inner
surface of a stent device 4 from a proximal end to a distal
end of the stent device 4 and having tackiness and
deformability properties is discussed in International Patent
Application No. PCT/EP 2009/061918 and will not be discussed
in further detail in the present application. The stent bed 5

may be non-tapered in accordance with stent beds known in the
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art such as in WO 00/71058. In another alternative, a push
element proximal of the stent device 4 may be used to hold
the stent device 4 relative to the inner catheter 3. Such a
proximal push element is disclosed in Figs. 1 and 2 of WO
00/71058, for example.

The tapered profile design for the stent bed 5 is
advantageous for the following reasons. In a pullback cuter
sheath design as shown in Figs. 1 and 2, the retraction force
or the drag between the outer sheath 2 and the stent device 4
is at its greatest when relative movement between the stent
device 4 and the outer sheath 2 begins. The larger diameter
portion of the stent bed 5 is more strongly compressed by the
stent device 4 than the smaller diameter proximal portion and
thus provides a greater holding force towards the distal end
of the stent device 4. Also, the larger diameter portion
pushes the stent device 4 more strongly into the ocuter sheath
2, causing a greater drag force between the stent device 4
and the cuter sheath 2 at the distal end. The tapering
profile of the stent bed 5 is believed to provide sufficient
holding force at the distal end, where it is needed most,
while the reducing diameter lessens the overall drag force
between the stent device 4 and the outer sheath 2 as a whole,
as compared to 1f the stent bed 5 had a constant diameter
equal to the outside diameter of the stent bed 5 at the
distal end. Accordingly, the force required to retract the
cuter sheath Z is reduced overall, while ensuring sufficient
holding of the stent device 4 relative to the inner catheter
3 for a correct placement of the stent device 4 at the target
site. The reduced deployment force allows thinner polymeric
materials to be used for the outer sheath 2 fo contribute to
a reduced profile design of the stent device delivery system
1.

Returning to the stent device delivery system 1 shown in
Figs. 1 and 2, deplcoyment of the stent device 4 will be

described. A guidewire is first fed through the tortuous
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passageways of the wvasculature of a patient so as to arrive
at the site of the diseased vascular lumen that reguires
support by a stent device 4. The stent device delivery system
1 of Figs. 1 and 2 is then fed along the guidewire by the
guidewire being received in a lumen of the inner catheter 3.
The tapering profile of the nozzle 6 aids delivery because it
provides a smooth distal surface for easing passage of the
stent device delivery system 1 through the vasculature of the
patient. A correct position of the stent device delivery
system 1 at the target site i1s determined by radicimaging,
making use of a radiopague material positioned at the distal
and proximal ends of the stent device 4. In order to deploy
the stent device 4, the surgeon operates a hand-held portion
of the system 1 to cause the pull member 7 to be pulled back
relative to the stent device 4. As the pull member 7 is
caused to move proximally, the first and reinforcement lavers
8, 10 of the outer sheath 2 move as a single laminar
structure relative to the stent device 4. Axial movement of
the outer sheath 2 relative to the stent device 4 causes the
inner surface of the cuter sheath 2 to drag over the stent
device 4. This drag force tends to force the stent device 4
in the proximal direction relative to the inner catheter 3.
The engagement between the cuter surface of the stent bed §
and the inner surface of the stent device 4 resists any
proximal movement cf the stent device 4 to hold the stent
device 4 fixed relative to the inner catheter 3. As the
distal end or connecting portion 12 of the outer sheath 2
moves over the stent device 4, the stent device 4 is released
from the outer sheath 2 progressively in a proxzimal
direction. The stent device 4 when released expands radially
from its delivery configuration shown in Figs. 1 and 2 to a
deployed configuration for supporting the diseased wvascular
lumen. The stent device 4 is fully deployed once the distal
end of the outer sheath 2 is positioned entirely proximally
of a proximal end of the stent device 4, which is when the
outer sheath is considered retracted from the stent device 4.

gxtending the pull member 7 so as to overlay the stent device
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4 and be attached to the cuter sheath 2 at a location distal
of the transition section 14 of the outer sheath 2 reduces
the chance of failure of the outer sheath 2 because the pull
member 7 greatly contributes to the axial strength of the
outer sheath 2. The further the pull member extends distally
relative tfo the outer sheath 2, the greater axial distance
the outer sheath 1s reinforced by the pull member 7. Hence,
in the preferred configuration shown in Figs. 1 and 2, the
pull member 7 extends to the distal end of the ocuter sheath
2. The lamination of the first and reinforcement lavers 9,
10, particularly by use of & glue layer 1l as shown, provides
necking resistance for the ocuter sheath 2 and also axial
strength to avoid sticking of the outer sheath 2 on the stent
device 4 and potential failure of the outer sheath 2 during

retraction.

In an alternative to that shown in Figs. 1 and 2, the pull
member 7 may be attached at a position proximal of the stent
device 4 and preoximal of the transition section 14 of the
outer sheath 2. In this arrangement, the reinforcement layer
9 would be extended also proximal of the stent device 4 so
that the pull member 7 is still attached by lamination
radially between the first layer 10 and the reinforcement
layer 9. The outer sheath would not then be reinforced by the
pull member 7 along an axial portion where the stent device 4
is located, which would mean that the distal portion 16 of
the outer sheath 2 must be sufficliently strong to manage the
axial forces during retraction without necking, sticking or
breaking. The reinforcement to the first pclymeric layer 10
of the ocuter sheath 2 provided by the lamination with the
reinforcement layer 9 and preferably also the glue laver 11
thus takes on particular importance in this alternative
arrangement. This alternative could be further modified by
heat shrinking the first layer 10 and the reinforcement layer
9 onto a heat shrink resistant support tube located axially
within the proximal portion 15 of the outer sheath. The pull

member 7 would still be located radially between the first
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layer 10 and the reinforcement layer 9. Heat shrink
attachment, as well as attachment by lamination, of the pull
member 7 ensures secure attachment of the pull member 7 to
the outer sheath Z. Such heat shrink attachment 1s discussed
further below with respect to Figs. 4 and 5.

Fig. 3 shows ancther exemplary stent device delivery system.
Where like elements are referred to, the same reference

numeral has been used as in Figs. 1 and 2.

The stent device delivery system 30 of Fig. 3 has an outer
sheath 22 of the rolling kind. As before, a stent bed 5
having a profile tapering radially inwardly from a distal end
to a proximal end is mounted to an inner catheter 3. A stent
device 4 overlays the stent bed 5 and the inner surface cof
the stent device 4 engages with the outer surface of the
stent bed b to provide an interaction holding the stent
device 4 relative to the inner catheter 3. In a distal
portion 36 of the outer sheath 22 coverlaying the stent device
4, the outer sheath 22 1s formed into an outer layer 3% that
is folded cover an inner layer 38 and connected by a fold-over
portion 40. The outer layer 3% is axially moveable relative
te the inner laver 38 in a proximal direction, which causes
the fold-over portion 40 to roll proximally, thereby
effecting retraction of the outer sheath 2Z. The inner layer
38 is attached tc the inner catheter 3 at a location proximal
of the stent device 4.

The outer layer 39 extends proximally beyond the inner layer
38 to provide a proximal portion 35 of the outer sheath 22
that is attached te a pull member 27. The pull member 27 is
attached To the outer sheath 2Z by lamination with a
reinforcement layer 2%, The pull member 27 is captured
radially between the laminated cuter layer 3% and the
reinforcement layer 29. The reinforcement layer 29 is, in
system 30 shown in Fig. 3, located radially inwardiy of the

cuter layer 35 of the cuter gheath 22. The reinforcement
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layer 29 cculd, however, be disposed cutwardly of the outer
layer 34 of the outer sheath 22 and for some applications

this may be preferred.

The outer layer 39 and the reinforcement laver 29 are
laminated together by a glue layer 31 distributed
circumferentially around and axially along the reinforcement
layer 29. The pull member 27 is embedded in the glue layer
31, which provides an adhesive connection to the
reinforcement layer 29 and the outer layer 39 as well as a
connecticn by the capturing effect of the laminated layers
29, 39. The glue layer is preferably a medical adhesive sold
under the trade name Dymax. It may be UV curable for ease of
manufacturing. This is also a suitable material for the glue

layer 11 of the system 1 of Figs. 1 and 2.

The stent bed 5 shown in Fig. 3 is again of the tapering
profile form. The tapered profile of the stent bed 5 has been
discussed above with respect to Figs. 1, 2, €& and 7. A non-
tapered stent bed alternative was also discussed as well as a
means for holding the stent device 4 relative to the inner
catheter that is positioned proximal of the stent device 4.
Such alternative stent device holding means is also

applicable to the system 30 shown in Fig. 3.

Fig. 3 also shows a guide sheath 41 of the stent device
delivery system 30 frcm which the inner catheter 3, the stent
device 4 and the outer sheath 22 extend to allow the stent
device 4 to expand to the deployment position when the outer
sheath 22 1s retracted. The outer guide sheath 41 can be made
of conventional material that is suitably flexible to
navigate the vasculature of the patient vet suitably strong
under endwise compressicn to allow it to be delivered to the
target site by an operative at a proximal end outside of the
patient. Also shown in Fig. 3 is the inner catheter 3 being
made up of a conventicnal tube at a distal portion and a

proximal guide porticn 8 made of a slitted tubular material
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and an cuter tubular sleeve as described above with respect

to Figs. 1 and 2.

Deployment of the stent device delivery system 30 of Fig. 3
is effected by subjecting the pull member 27 to a proximal
pulling force. The pull member 27 is securely attached to the
outer layer 39 of the outer sheath 36 by a combination of
being captured between the laminated layers 28 and 39 and
alsc by adhesive attachment with these layers by the glue
layer 31. Thus, the outer layer 39 is moved proximally as the
pull member 27 is moved proximally and the outer laver 39
moves relative to the inner layer 38 by action of the fold-
over portion 40 rolling proximally. As the fold-over portion
40 moves proximally and begins to uncover the stent device 4,
the stent device 4 expands from the delivery coenfiguration
shown in Fig. 3 to a deployed configuration. Once the fold-
over portion 40 is proximal of the stent device 4, the stent
device 4 is able to fully deploy along the full axial length
of the stent device 4. The fold-over portion 40 of the ocuter
sheath 22 will continue to roll proximally as the pull member
27 is moved proximally until it reaches a connection portion
42 of the inner layer 38 of the outer sheath 22 to the inner
catheter 3. In the embodiment shown in Fig. 3, the connection
portion 42 is releasable under a slight additional pulling
force on the outer layer 39 of the outer sheath 22 so that
the outer sheath 22 can be retracted independently of the

inner catheter, if desired.

The inner layer 38 of the outer sheath 22, in a portion
overlaying the stent device 4, will be induced to share the
tapering profile of the stent bed 5. Thus, a distal end of
the inner layer 38 will have a larger outside diameter than a
proximal end of the inner layer 38. As the distal end of the
inner layer 38 folds over itself to form the rolling fold-
over portion 40, at each instant the outer layer 39 has a
larger diameter in the vicinity of the rolling edge than the

inner layer 38. This provides a gap between the inner layer
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38 and the cuter layer 39 allowing the outer layer 39 to
slide over the inner layer 39 with reduced opportunity
sticking or catching between the two layers 38, 39. This
feature thus both reduces deployment force of the rolliing
outer sheath 22 and improves reliability of successful
retraction of the outer sheath 22. As will be described
below, with reference to methods of manufacture of the stent
device delivery systems disclosed herein, the inner layer 38
of the outer sheath 22 is preferably formed to have a
tapering profile substantially the same as the stent bed 5 to
ensure the formation of the gap described above. The inner
layer 38 may be formed to have the tapered profile by cold=-

drawing the inner layer 38.

In an alternative stent device delivery system to that shown
in Fig. 3, the reinforcement layer 29 could be extended
further so that it covers not just the proximal pertion 35 of
the outer sheath 22, but also the transition section 34 whare
the outer sheath 22 tapers radially inwardly the distal
portion 36 overlaying the stent device 4 the radially reduced
proximal portion 35. The transiticn section 34 of the outer
sheath 22 is at increased risk to failure and thus
reinforcement of this portion, by the lamination of the
reinforcement layer 29 theretc, may be particularly useful.
The reinforcement layer 29 in this alternative conflguration
thus captures the pull member 25 in a proximal portion of the
reinforcement layer 29 while the reinforcement 29 continues
distally beyond the distal end of the pull member 27 to
further act in a reinforcement capacity for the transition
section 34 of the outer sheath 22. The reinforcement laver 29
may further extend distally beyond the transition section 34
to overlay the stent device 4 and be laminated to the distal
portion 36 of the outer layer 39. This provides reinforcement
to the outer layer 3% to avoid necking of the outer layer 39
which would ctherwise cause the outer layer 39 to contact and
compress the inner layer 38, thereby causing the rolling
action of the outer sheath 28 to stick and potentially fail.
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An extended reinforcement layer 29 would provide the
necessary resistance to such potential failure in the outer

laver 3% of the outer sheath 22,

in another alternative to that shown in Fig. 3, a heat shrink
resistant support tube could be placed radially within the
outer layer 392 and the reinforcement layver 29. The outer
layer 39 and the reinforcement layer 29 could be heat shrunk
onto the support tube to further secure the attachment of the
pull member 27. This means of attachment of the pull member
27 to the outer sheath 34 is described below with respect to
the delivery system 60 shown in Figs. 4 and 5.

In yet another alternative, the pull member 27 may be
extended further distally to that shown in Fig. 3 so as to
overlay the stent device 4. The reinforcement lavyer 2a would
also be extended distally so that the pull member would still
be captured radially between the laminated outer layer 39 and
reinforcement layer 29. Having the pull member 27 extend
substantially to a distal end of the outer sheath 34 or at
least so as to overlay the stent device can be advantageous
as discussed earlier with reference to Figs. 1 and 2. In
particular, the pull member 27 provides tension support to
the outer sheath 34 throughout the length of sheath to which

it is laminated.

In one presently preferred embediment, iliustrated in

Fig. 3A, the reinforced region between lavers 29 and 3% and
filled with glue 31 exhibits a skived region 301
diametrically oppcesite the location of the pull member. In
the skived region, the layer 39 is removed and the thickness
of glue 31 is progressively reduced down to layer 29. A
thickness of layer 29 may also be partially removed. The
skived region runs from distal to proximal, gradually
decreasing in thickness and is preferably the same length as

and running substantially between the same axial positions as
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the pull member 27 itself. The structure is shown in detail

in Fig. 3B.

The skived regicon provides a smooth transition zone from the
reinforced portion to the guide portion 8 which allows the
stiffness of the reinforced portion to be gradually reduced
over the length of the skived region to aveoid a hard
transition of flexibility between the reinforced region and
the guide portion 8 immediately proximal to it. The presence
of a hard transiticn of flexibility can, in some
applicaticns, generate kinking of the delivery system, for

example when navigating particularly tortuous anatomy.

In a preferred embodiment, the skive is created by placing a
sharp blade against layer 39 diametrically opposite to the
distal tip of pull member 27 and then moving the bhlade
proximally while applying slight pressure to shave or pare
the layers 39, 31, and 29 in order. The Figs. 3A and 3B show
a relatively deep skive, essentially paring away lavyers 39,
31 and 29, but in some applications it may be preferred to
cut more shallowly and to penetrate only partly or minimally
laver 29.

An alternative structure Is shown in Fig. 3C, in which the
skive 1s present in an embodiment having the reinforcement
layer 29 radially outward of layer 39. In this case, the
skive is made through layers 29, 31 and 39 in order, cutting

layer 29 first.

In one typlical example, the overall length of the reinforced
region is 23 mm, of which 5 mm at the distal-most end is a
simple laminate of the layers 2%, 39 with the glue 31. The
remaining 18 mm exhibits an embedded pull member. The skived
region therefore includes the proximal-most 18 mm of the

reinforced region diametrically opposite the pull member.
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The presence of a skived region is applicable to all
embodiments herein described in situations where it is
considered desirable to achieve a smooth transition from a

stiff reinforced region to a relatively more flexible region.

The stent device delivery system 50 shown in Figs. 4 and 5 is
the presently most preferred delivery system. It combines the
low retraction force of a rolling outer sheath 52 with full
reinforcement by a reinforcement layer 5%, more reliable
retraction of the outer sheath 52 by the provision of a stent
bed 5 having a tapering profile and secure attachment of the
pull member 57 to the outer sheath 52 by lamination of the
reinforcement layer 59 to an outer laver 69 of the outer
sheath 52 and also by means of other advantageous features

that have not vet been described.

In this system, the stent device 4 is radially constrained by
the outer sheath 52 intc engagement with the tapered stent
bed 5. The outer sheath 52 comprises an inner layer 68 having
an inner surface contacting an outer surface of the stent
device 4 and an outer layer €% that are connected at a distal
end of the outer sheath 52 by a fold-over portion 70. The
outer layer 6% is axially movable in the proximal direction
relative to the inner layer 68, which causes the fold-over
portion 70 to move proximally as well, thereby retracting the
cuter sheath 52. The inner layer 68 of the cuter sheath 52 is
connected to the inner catheter 3 at a connecting portion 72
located proximally of the stent device 4. The outer laver 69
of the outer sheath 52 extends further proximally from the
connecting porticn 72 to a distal portion of a pull member
57. The distal portion of the pull member 57 is sandwiched
between the outer layer 69 and a reinforcement layer 59 that
is laminated to the outer layer 69 to attach the pull member
57 to the outer sheath 52. In the system 50 shown in Fig. 4,
the reinforcement layer 59, as opposed to the system 30 shown
in Fig. 3, 1s positioned radially outside of the outer lavyer

6%. The reinforcement layer 5% and the outer layer 69 are
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laminated together to capture the distal portion of the pull
member 57 and this is preferably done by spreading a glue
layer €l axially along the full length of the reinforcement
layer 59 and circumferentially arcund the reinforcement layer
59. The distal portion of the pull member 57 is, therefore,
embedded in the glue layer 61 and adhered to the
reinforcement layer 59 and the outer lavyer 69. The
reinforcement layer extends further along the stent device
delivery system 50 than in the system 30 shown in Fig. 3. The
reinforcement layer 59 in the system 50 shown in Fig. 5
extends substantially to a distal end or fold-over portion 70
of the outer sheath 52. The reinforcement layer 59, the glue
layer 61 and the outer laver 6% can together be considered an
outer layer of the cuter sheath 52. The inner layer 68 and
this combined outer layer then make up the outer sheath 52.
Accordingly, we will refer to the layer 69 as the second
laver and the combination of the second laver 6%, the glue
layer 61 and the reinforcement layer 59 as the outer layer 75

of the outer sheath 52 in the following.

Attachment of the distal portion of the pull member 57 to the
outer sheath 52 is enhanced by heat shrinking the second
layer 69 and the reinforcement laver 59 with the distal
portion of the pull member 57 captured radially between these
layers 5%, 69. The reinforcement layer 59 and the second
layer 69 are heat shrunk onto a heat shrink resistant support
tube 73. The heat shrinking serves to securely radially
capture the distal portion of the pull member 57 and compress
the outer layer 75 of the outer sheath 52 onto the heat
shrink resistant support tube 73 to secure them together.
Further, the heat shrinking step provides a thorough
spreading of the glue layer 61, when done before the glue
layer 61 is set, to strongly adhere the distal portion of the
pull member 57 to the second layver 69 and the reinforcement
layer 59 of the outer sheath 52. The heat shrink resistant
support tube 73 is movable axially relative toc the inner

catheter 3 to allow the outer sheath 52 t0o be movad relative



WO 2011/067280 PCT/EP2010/068627
46

to the inner catheter 3 and the stent device 4 so as to carry
out the process of retracting the outer sheath 52 and

deploying the stent device 4.

The inner layer 68 of the cuter sheath 52 is heat shrunk at
the connecting portion 72 onto & heat shrink resistant
portion of the inner catheter 3 at a location proximal of the
stent device 4. This provides a connection of the inner layer
68 to the inner catheter 3 sufficiently strong to prevent
slippage of the inner layer 68 relative tc the stent device
4, yet peelable under normal retraction forces for retracting
the outer sheath 52 to allow the outer sheath 52 and the
inner catheter 3 to be removed independently of cne another
after the stent device 4 has been deployed, if this is

desirable.

Fig. 5 shows a cross section of the stent device delivery
system allowing the circumferential extent of the distal
portion of the pull member 57 to be viewed. As can be ssen,
the pull member 57 comprises a proximal pull wire that has
been flattened at the distal portion to provide a low profile
portion for fitting between the second layer 69 and the

reinfercement layer 75.

In the stent device delivery system 50 of Figs. 4 and 5, the
outer guide sheath 71 and the guide portion 8 of the inner
catheter 3 are both made of a slitted tubing for resisting
endwise compressive stress and also allowing flexibility for
navigating to the target stent site with an outer tubular
sleeve layer overlaying the slitted tube.

In each of the delivery systems 1, 30, 50 of the Figs., the
inner layer along a porticn overlaying the stent device 4 is
preferably a cold~drawn polymeric material. Cne reason for
this is that the cold-drawn material is relatively strong as
compared to the pre-drawn material. Another reason is that

the cold-drawn pclymeric material has kheen found to be
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conducive to smooth and stick-free rolling in a rolling outer
sheath construction. This is discussed in greater detail in
GBE Patent Applications 0823658.0 and 0823716.6. There are
manufacturing benefits to the use of cold-drawn polymeric
material for the outer sheath along a portion overlaying the
stent device 4, as will be described below. Thus, preferably
the inner layer 68, the second layer 69 and the reinforcement
layer 59 are cold-drawn along an axial portion of the outer
sheath 52 overlaying the stent device 4. In other words, the
distal portion 66 of the outer sheath 52 is made of a cold-
drawn polymeric material. The preferred cold-drawn material
i1g polyethylene terephthalate (PET), but other polymeric
materials capable of being both cold-drawn and heat-shrunk

are useful.

The proximal portion of the outer sheath 52 is heat shrunk
onto the heat shrink resistant support tube 73, which thus
forms a reduced diameter portion of the outer sheath 52. A
transition section ¢4, therefore, exists between the proximal
portion ©5 and the distal portion 66 of the outer sheath. The
heat-shrunk proximal portion 65 of the outer sheath 52 has
been strengthened by this heat treatment, which again
contributes to a reduced risk of breakage of the outer sheath
at the proximal pertion 65. An example neat shrink resistant

material for the support tube 73 is polyimide.

In an alternative to that shown in the stent device delivery
system 5C of Figs. 4 and 5, 1t can be envisaged that the
reinforcement layer 59 could be done away with. The distal
portion of the pull member 57 could be captured radially
between the support tube 73 and the outer layer 69 by heat
shrinking the outer layer 6% onto the support tube 73. An
acdhesive layer could still be used to attach the distal
portion of the pull member 57 to the outer layer 69 and the
support tube 73. The adhesive layer could also be used to
attach the outer layver 69 to the support tube 73. A

reinforcement layer could be applied in this alternative
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construction, but extending just along a portion of the ocuter
layer 69 overlaying the stent device 4 and perhaps alsc the
transition section 54 cf the outer sheath 52. In another
alternative construction to the stent device delivery systenm
50 shown in Figs. 4 and 3, the reinforcement layer 59 may be
laminated on the ocuter layer 69 of the outer sheath 52 along
the preximal porticon €5 of the ocuter sheath and not distally
further. In another alternative, the reinforcement layer 59
may be laminated to the ocuter layer 69 along the proximal,
heat shrunk portion ©5 and the transition section 64, but

which does not overlay the stent device 4.

The stent bed 5 in the system 50 is again formed into a
tapering profile, which tapers radially inwardly from a
distal end to a proximal end. The inner layer 68 is formed to
share substantially the same tapering profile so that it has
a larger outside diameter at the distal end and a smaller
outside diameter at the proximal end and tapers substantially
linearly therebetween. The second layer 69 is formed to have
a reverse taper, whereby the distal end adiacent the fold-
cver portion 70 has a smaller diameter than a proximal end at
the proximal end of the stent device. The inner and outer
layer 68, 69 are formed with this taper in the manner
described below, which involves cold-drawing a tube of
material along a mandrel having a continuocusly increasing
outsicde dlameter and then folding the tubing material back
onto itself to provide two layers of material tapering in
reverse directions. This feature of the inner laver 68 and
the second layer 69, so as to have a taper in reverse
directions, exaggerates a radial gap between the two lavers
during retraction cf the outer sheath 52 to avoid the
possibility of the layers 68, 69 catching on one another.
Catching of the layers can create increased deployment force,
and thus decreased the reliability of successful retraction
of the outer sheath 52 from the stent device 4.
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In the stent device deliVery system 50 of Figs. 4 and 5, the
outer sheath 52 is retracted from the stent device 4 by a
rolling mechanism as described with respect to Fig. 4. The
pulling member 57 is subjected to a proximal pulling force,
which will be transferred to the ocuter sheath 52 because the
distal portion of the pull member 57 is securely captured
radially between the support tube 73 and the second layer 69
on cne side of the pull member 57 and the reinforcement layer
59 on the other side., Further, the glue laver 61 bolsters the
securement of the distal portion of the pull member 37 to the
reinforcement layer 59 and the second layer 69. The support
tube 73 moves axially with the outer sheath 52 because the
ocuter layer 75 of the outer sheath 52 is heat-shrunk onto the
support tube 73. As the cuter layer 75 moves proximally, the
rolling fold-over porticn consumes the inner laver 68 and
extends the length of the outer laver 75 so as to
progressively uncever the stent device 4 and allow the stent
device 4 to expand to a deployed configuration. Once the
fold-over portion 70 reaches the connection portion 72, where
the inner layer 68 is connected to the inner catheter,
further pulling the pull member 57 causes the connection
porticon 72 to peel away from the inner catheter 3 to
disconnect the outer sheath 52 and the inner catheter 3.

In an alternative to the stent device delivery system 50
shown in Figs. 4 and 5, the pull member 57 could extend
further distally so as to at least partly overlay the stent
device 4. The pull member 57 would still be laminated
radially between the second layer 69 and the reinforcement
layer ¢1. The same proximal portion 65 of the outer sheath 52
would be heat shrunk onto the support tube 73. This would
mean that an axial portion of the pull member 57 proximal of
a very distal portion would be captured by the heat shrunk
poertion of the outer sheath 52. In this possible modification
to the system 50 shown in Figs. 4 and 5, a greater axial
portion of the pull member would have to be flattened to keep
a low profile. The benefits of extending the pull member
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further towards a distal end of the outer sheath 52 has been

discussed above with respect to Figs. 1 and 2.

The reinforcement layer 59 is provided with a hydrophilic
outer layer. This allows low friction delivery of the system
50 to the target tissue site because the outer surface
becomes extremely lubriccous when it is coated with water, as
it would be in the vasculature of a patient. Providing the
ocutermost surface of the outer sheath with a hydrephilic
coating is also applicable to the other delivery systems 10,
30 shown in Figs. 1 to 3 and described above.

In the examples described above, the pull member has a
substantially ribbon-like configuration which lies flat
between the layers of the outer sheath between which it is
laminated. Flat, here, may be taken to include those
structures which are substantially planar along their length,
or may include structures which are formed to have, or adopt
during manufacture, a slight curvature to match the curvature
cf the tubular layers between which they are laminated. 1In
many situations, this can provide entirely adequate retention
of the pull member, whether by heat-shrink mechanical
compression or by the use of an adhesive. However, in some
applications, it i1s necessary to provide an even further
enhanced retention of the pull member which is stable against

even very high pull forces.

For example, some constructions involving a flat, or slightly
curved, ribbon-like pull member as previously described, when
used with a glue, can result in a configuration wherein the
thickness of glue present on each side of the pull member is
inadequate in guantity or thickness to support especially
high pull forces. In such situations, the application of such
high forces during particularly difficult deployments may
cause the pull member to become entirely or partially
disconnected from the outer sheath. This may present a safety

hazard.
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This problem may be alleviated in such situations by
providing at least a length of the portion of the pull membsr
captured between the layers of the outer sheath with a
varying radial profile, being a profile which varies in the
radial direction of the outer sheath. BAn example of such a
pull member with a varying radial profile is shown in Fig. 8.
In Fig. 8, pull member 77, lying between reinforcement layer
59 and outer laver 69 of an outer sheath similar to that
shown in Figs. 4 and 5, has an undulating form along its
length. The undulating form shown in Fig. 8 defines pockets
6la and 6lb, shown in Filg. 8A in magnification, respectively
radially outward and inward of the undulating pull member,
within which pockets glue layer 61 is accommodated. By
adopting a pull member of this configuration, and by
appropriate selection of the scale and geometry of the
undulations, a minimum thickness of adhesive may be
maintained between the pull member 77 and the layers 59 and
69 of the outer sheath, which in turn ensures that the
desired resistance to detachment under high pull forces may
be reliably achieved. Further, the pull member is reliably

centred between the layers.

It should be noted that the configuraticn of pull member
shown in Fig. 8 retains its ribbon-like form (as shown in
Figs. 4 and 5) along the length captured between the layers
5% and 69 of the outer sheath, and that the depicted profile
shown is formed by deforming the pull member to have peaks
and troughs running perpendicular to the longitudinal
direction of the flattened portion. Such is shown in greater
magnification in Fig. 8AR, clearly showing the peaks and

troughs.

However, the arrangement of Fig. 8 is not the only
configuration able teo realise such benefits. For example,
when adhesive is not used, and when heat-shrink retention or
cold drawing is employed to retain the pull member between

the layers c¢f the cuter sheath, adopticn of such an
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undulating form for the pull member can cause the heat-shrunk
layers themselves to follow the undulating form of the wire
and thus engage with the peaks and troughs of the undulation
to resist high pulling forces. Thereby, the peaks and troughs
of the undulation act to engage the internal surfaces of the

heat-shrunk lavers.

Furthermore, the varying radial profile may be achieved in
other ways than by providing a longitudinal undulation to the
pull member. For example, selective variation in the
thickness of the pull member, whether on an inner, outer, or
on both radial surfaces of the pull member, is able to
provide similar benefits. Such a varying thickness could
provide ridges or other relief structures to the surface of
the pull member, in contrast to the corrugations of the

undulating profile shown in Fig. 8.

Alternatively, the varying radial profile may vary in the
transverse, rather than the longitudinal direction of the
pull member, or indesd may vary across both. Consequently,
longitudinal ridges, corrugations, or other variations as

described may form part of the varying radial profile.

Another pessibility is to provide a textured surface to the
pull member, including providing such surface features as
stippling, scoring, ridging, or random surface structure to a
radially inner, radially outer, or the entire surface of the

pull member.

The varying radial profile need not be regular in variation
along the length of the pull member captured between the
layers of the outer sheath, but it is preferable to so
provide for ease of manufacture. Furthermore, the radial
profile need not extend the entire length of the pull member
captured between the layers of the outer sheath, but could be
provided to only a portion of that length. Such a portion
could be provided extending from the distal end of the pull
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member, but could also be provided at other locations
therealong. Such a portion may even extend the entire length
cf the pull member, in a particularly advantageous
configuration, but in some cases may extend only half the
length or more of the pull member, or indeed may extend along
a length substantially less than half the length of the

captured portion of the pull member.

In one particular configuration, the pull member is
constructed as depicted in Fig. 8, and having a sinusoidal
undulation with fewer than ten periods of the undulation
running aleng the length of the pull member captured between
the layers of the outer sheath. However, such a construction
is purely exemplary, and the skilled person will be able to
chocse a particular radial profile of the pull member to suit
his particular intended purpose and clrcumstances without
undue burden, by simple experiment and variation from the

described structures.

It is also noted that this ceonstruction is advantageously
applicable even outside the particular circumstances of the
previcusly-described embodiments, to which it 1s presently
intended for application. Indeed, such an arrangement may be
used to retain a pull member between any two laminated lavers

of a sheath in a stent delivery system.

In configurations wherein the radial variation is formed by
deforming the pull member from, e.g., a flat ribbon-like
configuration to a sinusoidal or wave-like configuration,
during the manufacturing process while the glue 1s relatively
more fluid, radial pressure applied to the pull member either
externally appiled or arising through particular
manufacturing steps (such as e.g., cold-drawing of an outer
polymer layer) may cause the undulating profile to becoms
partially or even totally flattened before the final
configuration is adopted. Thus, once the glue has cured, the

pull member is in a substantially flattened configuration,
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albeit with residual stresses resulting from the resilient
compressiocn of the undulating profile. At first glance, such
a configuration appears similar to the configuration of

Figs. 4 and 5; however, disassembly of the device and
dissolution of the glue will, in general, allow the resilient
pull member to return to its prior configuration having the

varying radial profile.

In such embodiments, the advantages of the present invention
are yet retained, since during the assembly stages the
varying radial profile distances the centre line of the pull
member from the layers between which 1t is confined and,
furthermere, allows glue retained in the peaks and troughs to
spread and flow evenly over the surface of the pull member as
the radial compression is applied. Such a construction avoids
regions being present in the proximity of the pull member
which contain a reduced guantity of glue and are thus more
susceptible to shearing of the pull member away from the

layers between which 1t is confined,

Depending on the degree of radial compression provided to the
pull menmber, the spacing of the inner surfaces of the layers
between which the pull member is captured will be relatively
greater in the region of the pull member than in the
diametrically cpposite region cf the sheath. The degree of
asymmetry will depend both on the scale of the varying radial
profile and the degree of compression applied during
manufacture, but can be selected by the skilled person
varying either of these parameters to achieve a degree of
radial asymmetry which 1s acceptable in use and which is yet
able to realise the benefits of the invention. Again, radial
asymmetry can be minimised in arrangements wherein the
varying radial profile of the pull member is compressed
during manufacture. This asymmetry 1s manifest in the
difference in widths A and B shown on Fig. 8. The asymmetry
shown 1s exaggerated for scale, but is essentially freely
determinable by the skilled person.
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In one presently preferred variant of the embodiment of
Fig. 8, the reinforced portion exhibits a skived region as

described earlier with regard to Figs. 3A and 3B.

In relation to one exemplary embodiment, based on Fig. 8 and
incidentally also exhibiting the skived region, the pull
member extends distally from the proximal end of the
reinforced region a total of 18 mm, distal of which is a
further 5 mm of reinforced region befcre the distal-most end
of outer guide sheath 71 is reached. Such is shown in Fig. 9.
Of the embedded 18 mm of the pull member, the distal-most

15 mm is an undulating ribbon while the next most proximal

Z2 mm is a transition region f£rom the ribbon-like part of the
pull member to a round pull member. The remaining proximal-
most 1 mm of the embedded portion of the pull member is a
round pull member. This differs therefore from the embodiment
shown in Fig. 8 by the pull member 77 terminating arcound 5 mm
before the distal-most point of outer guide sheath 71. Thus,
the transition from flattened pull member to round pull
member takes place inside the reinforced region, rather than

proximal of it as shown in Fig. 8.

The skilled person will readily understand that there is a
great deal of cholice in the relative dimensions and positions
cf the reinforced region and the pull member, and the skilled
perscen will be able to select an appropriate configuration to
achieve his desired mechanical properties in the delivery

system.

The above-described geometry is particularly applicable to a
system with an inner diameter of tubular layer 59 of 1.72 mm;
egach of layers 59 and 69 being made of 13 pm thick PET.

A method of manufacture of the stent device delivery systems

of Figs. 4 and 5 is given in the following. The method steps

required to provide the stent device delivery system 1 of
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Figs. 1 and 2 and the stent delivery device 30 of Fig. 3 will

also be subseguently disclosed.

The stent device 4 must first be loaded inte a tube of
material, which will ultimately form at least part of the
outer sheath 52. The stent device 4 is crimped into a reduced
diameter configuration using a known crimping machine and
transferred into the tube of outer sheath material. The inner
catheter 3 having the stent bed 5 mounted thereon is then
placed within the lumen of the stent device by simple
insertiocon. In crder to engage the stent device with the stent
bed 5, the stent device must be further reduced in its radial
dimension. To do so, the tubs of suter sheath materiazl is
cold-drawn along an axial portion where the stent device 4 is
located. Necking of the tube of ocuter sheath material during
this process reduces the diameter of the stent device and
engages the cuter surface of the stent bed 5 with the inner
surface of the stent device 4. The cold-drawing process can
be performed by hand and is best done by starting from a
middle portion of the stent device 4 and pulling one way
along the axis of the tube of cuter sheath material with one
hand and the other way with the other hand until the outside
diameter of the stent device 4 can be reduced no more, which
signifies strong engagement between the stent bed 5 and the
stent device 4. This proccess isg ceontinued along the full
length of the stent device 4 to put the stent device 4 into
the radially reduced, delivery configuration shown in Fig. 4.
This cold-drawing process is described in International
Patent Application No. PCT/EP 2009/055590.

A mandrel 1s then abutted against an end of the stent device
4, being the end that will become the distal end of the stent
device. When a stent bed 5 is used having a tapering profile,
the distal end can be identified by the end of the stent
device 4 overlaying the larger outside diameter end of the
stent bed 5. The mandrel is placed within the tubular sheath

and ceontinues the profile of the outside diameter of the



WO 2011/067280 PCT/EP2010/068627

stent device 4 to give a surface against which an extension
portion of the tube of cuter sheath material can be cold-
drawn. Preferably, the mandrel tapers radially outwardly
along its axis from an end in abutment with the stent device
4. The tapering profile of the mandrel has substantially the
same gradient as the taper of the stent bed 5. The mandrel
begins at the end abutted with the stent device 4 having
substantially the same outside diameter as the end of the
stent device 4. An extension poertion of the tube of outer
sheath material is formed by cold-drawing the tube against
the mandrel for an axial length of at least the length of the
stent device and preferably slightly more to allow for

manufacturing tolerance.

A distal end of the tube of outer sheath material has a small
cﬁt made in it, where distal is to ke understood as in the
direction from the stent device 4 to the extension portion.
The cut allows the tube of cuter sheath material to be folded
back upon itself so that the extension portion is reversed
back tc overlay the pertion of the tube of ocuter sheath
material overlaying the stent device 4. A lubricant material
may be applied alcong the tube of outer sheath material before
it ig folded back onto itself in order to allow the portion
that has been folded back onto itself to move more freely
relative to the inner layer of material in contact with the
stent device 4. These steps have provided a stent device 4 in
a radially reduced delivery configuration engaging a stent
bed 5. The stent device is held in the delivery configuration
by an inner layer 68 of cold-drawn polymeric material
engaging an outer surface of the stent device. An outer laver
€9 that has been folded back to provide the feld-over portion
70 overlaps the inner lavyer 68 in the axial direction. The
outer layer 69 and the inner laver 68 are tapered in reverse

senses by this cold-drawing and folding operation.

In corder to make the system 1 shown in Figs. 1 and 2, a layer

of adhesive is applied along the tube of ocuter sheath
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material at least along a portion overlaying the stent device
4 and up to where the fold-over portion 12 will be once the
folding cperation has been carried out. A pull member 7 is
rlaced on the tube of outer sheath material so that it
overlays the stent device 4 and extends marginally beyond the
stent device 4. The tube of outer sheath material is then
folded back onto itself so as to form an outer layer 10 and
an inner layer 9 and a fold-over portion 12 connecting them.
The outer layer 10 is moved relative to the inner layer 9
until the fold-over portion 12 makes contact with the end of
the pull member 7. The outer layer 10 can be rotated back and
forth relative to the inner layer 9 to spread the glue lavyer
11 that 1s radially between them. The glue layer 11 is then
allowed to set or preferably is actively cured by application
of UV radiaticn. In such a preferable case, the adhesive used
is a UV curable adhesive, for example that sold under the
trade name Dymax. An outer sheath 2 as shown in Figs. 1 and 2
is thus formed having an inner layer 9, a fold-over portion
12 and an outer layer 10 that are formed into a single
laminar structure and having a pull member 7 positioned
radially between the two layers and embedded in the glue

layer 11 adhering the inner and outer layers 9, 10 together.

Now described are the further steps necessary to form the
stent device delivery system 30 shown in Fig. 3, starting
from the stage of the manufacturing process for the system 50
of Figs. 4 and 5 reached in the above description. A further
tube of sheath material is inserted into the outer layer
proximal of the stent device, which is into the end opposite
where the fold-over portion 40 i1s located. The further tube
of cuter sheath material forms the reinforcement layer 29.
The outer layer 39 and the reinforcement layer 29 are
overlapped in the axial direction by a distance of about S
cm. Before the tube of reinforcement layver material is
inserted into the proximal portion of the outer layer 39, a
glue layer 31 is applied to the end portion of the tube of

reinforcement material that will overlap in the axial
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direction with the proximal portion of the outer layer 39.
The tube of reinforcement material is rotated
circumferentially so as to spread the glue layer 31 uniformly
around the circumference of the outer layer 31. The remainder
0f the tube of reinforcement material that is not laminated
with the outer layer 39 is cut away. The distal portion of
the pull member 37 is inserted intc the glue layer 31 until
it reaches the distal end of the reinforcement layer 29. The
distal pertion ¢f the pull member is thus embedded in the
glue layer and captured between the reinforcement layer 29
and the outer layer 39. In the preferred embodiment where the
glue layer 31 is UV curable, the glue laver 31 is exposed to
a UV light socource so as to uniformly cure the adhesive. This
is a simple to manufacture yvet highly effective method of
securing the pull member 27 to the outer sheath 34.

Referring back to the manufacture of the stent device
delivery system 50 shown in Figs. 4 and 5, the tip member 6
has a bore in a proximal end to fit over the inner catheter
3. The tip member 6 is fitted to the inner catheter 3 in this
manner. Holes extending radially through the tip member 6
communicate with the inner catheter 3. A “dot” of glue is
injected into each of these holes to secure the tip member 6

to the inner catheter 3.

The heat resistant support tube 73 is inserted in a proximal
end of the cuter layer 69 radially inside the ocuter layer.
The support tube 73 is inserted to axially overlap with the
outer tube 69 for a length that will form the heat shrunk
portion described akove. The overlapping proximal portion of
the outer layer 6% i1s then heat shrunk onto the support tube
73. The heat shrunk portion of the outer laver 69 will be
about 5 to 10 om long.

Glue is applied to an outer surface of the outer layer 69
along an axial portion overlaying the stent device 4. A tube

of reinforcement layer material is slid over the outer laver
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69, substantially up tec a proximal end of the outer layer 69,
where a distal to proximal direction is in the direction of
the stent device 4 to the support tube 73 along the axis of
the system 50. Axizally sliding the tube of reinforcement
layer material in this way will spread the glue axially to
the proximal end of the outer layer 69. The tube of
reinforcement layer material 59 also is rotated to spread the

glue uniformly in the circumferential direction.

The tube of reinforcement layer material is then cold-drawn
along an axial portion of the system 50 from a proximal end
of the stent device 4 to distal end of the outer laver 69.
This serves to compact the distal portion 66 of the system 50
to ensure a reduced profile. Any excegss material of the tubs
of reinforcement layer extending beyond the fold-over portion
70 is cut away. The cold-drawing process also uniformly
squeezes the glue by spreading it axizally along and
circumferentially arcund the reinforcement layer 59. Any
excess glue can be expelled from the distal end of the
reinforcement layer 59. This allows a thin layer of glue

to- remain between the outer layer 6% and the reinforcement

layer 59.

The axial portion of the reinforcement layer 5% overlaying
the support tube 732 is heat shrunk onto the support tube 73.
This and the above mentioned heat shrinking process can be
carried out using a thin heat blade at a temperature of 220°C
when a PET reinforcement layer 59 is being used. The heat
blade ensures an accurate application of heat where heat
shrinking is to be carried out. In particular, the stent
device 4 is, because it 1s made of a temperature based memory
material, particularly sensitive to being subjected to such a
high temperature. Further, heat shrinking distally of the
heat shrink resistant support tube 73 would cause radial
contraction in that area, which might block or hinder the
process of retraction of the outer sheath 52. Accordingly, it

is only the portion of the reinforcement layer 59 and the
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outer layer 69 overlaying the heat shrink resistant support
tube that is subjected to the high temperatures from the heat
blade. Before the heat shrink process is carried out, a
distal portion of the pull member 57 is inserted into the
glue layer 61 and radially between the reinforcement layer 59
and the outer layer 69 so that the reinforcement layer 59,
the outer layer 692 and the distal portion of the pull member
57 overlap in the axial direction for a distance of about

5> cm. The heat shrinking process serves to uniformly
distribute the glue layer 61 around and along the
reinforcement layer 5% and also causes a thorough embedding
of the distal pertion of the pull member 57 in the glue

laver b61.

The stent device delivery system 50 is subjected to
ultraviolet light along where the glue layer 61 is present to
cure the glue layer 61 and thus complete the lamination of
the outer layer 69 and the reinforcement layer 59.

At this point, a skived region may be provided by paring or
shaving a portion of the reinforced region diametrically

opposite the pull member.

Once the glue is set, the pull member 57 can be attached at a
proximal end to a tension meter to determine the working
force for retracting the outer sheath 52. Tests have been
conducted and a maximum deployment force of below 20 N is
consistently and reliably achieved with the stent device
delivery system 50. An upper limit for the deployment force
of Z0 N has been chosen to provide sufficient tolerance to
guard against any possibility of failure of the polymeric
material used to create the outer sheath 52 from failing.
Retraction of the ocuter sheath 52 is so low that that
extremely thin {(about 20 pm) polymeric layers of material can
be safely used to construct a low profile stent device
delivery system. Further, tests on the attachment of pull

member to the outer sheath 52 show that the pull member can
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be subjected tc far greater forces than that reguired to
retract the outer sheath 52 before it separates from the
cuter sheath 52.

To manufacture those embodiments of a stent device delivery
system which employ a pull member having a varying radial
profile, the process is egsentially similar to the process
described above with regard to those embodiments having a
pull member of uniform radial profile. The important
difference is that, prior to capture between the relevant
layers, a portion of the length of the pull member which is
to be captured between the relevant layers is formed to have
the desired varying radial profile. The skilled person in the
field may select from any of the techniques at his disposal

to provide such a profile.

In the case of the embodiments having an undulating profile,
the profile may be provided by bending a uniform pull member
to have the desired profile, and then, optionally, by
applying such treatment as the skilled person may select to
provide the bent pull member with any mechanical properties
degired: annealing or similar processes may be applied to

this effect.

In other embodiments, the varying radial profile may be
provided by stamping, etching, laser ablation or mechanical
abrasion of portions of the pull member. The skilled person
will be able to employ any such techniques as are
conventionally used in the art to form such members to obtain
the desired varying radial profile. Surface texture can be
provided simply by randemly mechanically abrading a porticn
of the surface of the pull member until a desired surface
finish is obtained.

In some embodiments, the skilled person may elect to compress
the stent device delivery system under construction,

including the pull member having the varying radial profile,
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before the final stable configuration is achieved, e.g.
before curing the glue. Such compression can be achieved by
the application of external radial force during a crimping
process, or can be achieved by heat-shrinking or cold-drawing
of a radially outer layer of polymer to apply radially
compressive force to the pull member. With the application of
sufficient radial force, the pull member may achieve a near-
planar flattened configuration, while retaining some degree
of internal stress resulting from the deformation. In such a
compression process, in those embodiments wherein an adhesive
is used to bond the pull member to the inner surfaces of the
layers between which the pull member is to be confined,
compression of the pull member permits achesive which has
accumulated in pockets defined by the varying radial profile
of the pull member, e.g. between the peaks and troughs of the
undulating pull member described, to flow upwards during
radial compression and uniformly coat the region surrounding

the pull member.

In all the above disclosure, where undulating profiles are
described, these should be taken to include continucusly
varying undulations such as sine waves, sawtooth forms,
square wave forms, other non-periodic wave-like forms and in
general any cenfiguration which may be formed by bending a
ribbon~like or wire-like pull member into a sinuous or

undulating form.
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Claims

1. A stent device delivery system, comprising:

a stent device; and

an outer sheath overlaying the stent device in a
radially compact, delivery configuration of the stent device;
the outer sheath is retractable relative to the stent device
to allow radial expansion of the stent device to a deployed
configuration;
the outer sheath includes a first layver and a reinforcement
layer that are laminated together, wherein a portion of a
pull member is attached to the outer sheath by capturing the
portion radially between the first and reinforcement lavers

of the outer sheath.

2. The stent device delivery system of claim 1, wherein the
pull member is positioned radially between the first layer
and the second layer of the outer sheath for an axial
distance of at least about 1 inch (3 cm), at least about

2 inches (5 cm), or at least about 3 inches (8 cm).

3. The stent device delivery system of claim 1 or 2,

wherein the pull member is a pull wire.

4., The stent device delivery system of claim 3, wherein the
pull wire is flattened at the portion captured radially
between the inner and ocuter layer.

5. The stent device delivery system of any one of the
preceding claims, wherein the first layer is of pelymeric
material and the reinforcement layer i1s of polymeric

material,
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6. The stent device delivery system of any one of the
preceding claims, wherein the first layer and the
reinforcement layer overlay, and thus extend along, the stent

device,

7. The stent device delivery system of any one of the
preceding claims, wherein the ocuter sheath comprises a distal
portion overlaying the stent device and a portion proximal of

the stent device.

8. The stent device delivery system of any one of claims 1
te 6, wherein the outer sheath comprises a distal portion
cverlaying the stent device and a transition portion proximal
of the stent device, wherein the transition portion tapers

radially inwardly in a proximal direction.

9. The stent device delivery system of claim 7 or 8,
wherein the proximal portion of the outer sheath includes the
first layer and the reinforcement layer.

10. The stent device delivery system of claim 8§, wherein the
tapering portion includes the first laver and the

reinfeorcement layer.

11. The stent device delivery system of any one of the
preceding claims, wherein the pull member overlays the stent
device and extends to a distal end of the stent device, where
distal is to be understood in the context of the outer sheath
being retracted from the stent device in a proximal

direction.

12. The stent device delivery system of claim 7, &, 9 or 10,
wherein the pull member is attached to the outer sheath at
the proximal portion of the outer sheath by capturing the
puill member radially between the first layer and the

reinforcement layer.
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13. The stent device delivery system of any one of the
preceding claims, wherein the first layer is in sliding
contact with the stent device and the reinforcement laver
overlays the stent device so that the first layer and the
reinforcement laver move axially relative to the stent device
in conjunction as a single laminar structure during

retraction of the outer sheath from the stent device.

14. The stent device delivery system of any one of claims 1
to 12, wherein the outer sheath comprises an inner layer, an
outer layer and a fold-over portion connecting the inner
layer and the outer laver, whereby axial movement of the
cuter layer relative tc the inner laver causes axial movement
of the fold-over portion relative to the stent device so that
the fold-over portion can be moved proximal of the stent
device In order to retract the outer sheath from the stent
device, and wherein the cuter layer includes the first layer

and the reinforcement layer.

15. The stent device delivery system of claim 6 or any one
of claims 7 to 14 when dependent on claim 6, wherein at least
one of the first layer and the reinforcement laver is a cold
drawn layer of plastic material along where the layers

overlay the stent device.

16. The stent device delivery system of any one of the
preceding claims, wherein the first layer and the
reinforcement layer are laminated together by a glue layer

radially between the first layer and the reinforcement layer.

17. The stent device delivery system of claim 16, wherein

the portion of the pull member is embedded in the glue layer.

18. The stent device delivery system of any cne of the
preceding claims, wherein the pull member is for pulling

preoximally on to retract the outer shesath.
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19. The stent device delivery system of claim 18, wherein a
portion of the outer sheath is heat shrunk radially onto a

relatively heat shrink resistant support member in order to
capture the portion of the pull member radially between the

outer sheath and the heat shrink resistant support member.

20. The stent device delivery system of claim 19, wherein
the outer sheath is heat-shrunk cnto the heat shrink
resistant suppcrt member at an axial portion of the outer

csheath that is proximal of the stent device.

21. The stent device delivery system of claim 20, wherein
the heat-shrunk portion of the outer sheath provides a
transition portion connecting the heat-shrunk portion to a
distal portion of the outer sheath overlaying the stent
device, and wherein the transition portion tapers radially

inwardly from the distal portion to the heat shrunk portion.

22. The stent device delivery system of any one of the
preceding claims, comprising a holding mechanism; and an
inner catheter extending radially within and axially through
a lumen of the stent device, wherein the stent device is held
fixed relative to the inner catheter by the holding mechanism

presented by the inner catheter.

23. The stent device delivery system of any one of the
preceding claims, wherein the outermocst surface of the outer

sheath is hydrophilic.

24. The stent device delivery system of claim 23, wherein
the ocutermost surface is the cuter surface of the

reinforcement lavyer.

25. The stent device delivery system of any one of the
preceding claims, wherein the cuter sheath is retractable
from a distal end of the stent device to a proximal end of

the stent device to allow for radial expansion of the stent
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device to a deployed configuration, an inner catheter extends
radially and axially within a lumen of the stent device and
provides a stent bed upon which the stent device is located
so that the radial inner surface of the stent device engages
a radial cuter surface of the stent bed, and the stent bed
cdefines an inwardly tapering profile, narrowing in radius
from a distal portion of the stent device to a proximal
portion of the stent device.

26. The stent delivery system according to any preceding
claim, wherein at least a partial length of the portion of
the pull member captured radially betwesen the first and
reinforcement layers of the outer sheath is formed with a

varying radial profile along saild length.

27. The stent device delivery system according to Claim 26,
wherein the varying radial preofile extends from the distal
end of the said portion.

28. The stent delivery system according to Claim 26 or

Claim 27, wherein the varying radial profile extends along
substantially half the entire length of the captured portion
of the pull member, preferably along substantially the entire
length of the captured portion.

2%. The stent device delivery system according to any one of
Claims 26 to 28, wherein the varyving radial profile defines

pockets within which glue is accommodated.

30. The stent device delivery system according te any one of
Claims 26 to 29, wherein the varying radial profile is
substantially periodic.

31. The stent device delivery system according to any one of
Claims 26 to 30 wherein the varving radial profile is

provided by a longitudinal undulation of the pull member.
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32. The stent device delivery system according to any one of
Claims 26 to 30 wherein the varying radial profile is

provided by a transverse undulation of the pull member.

33. The stent device delivery system according to any one of
Claims 26 tc 32 wherein the pull member is radially
compressed between the first and reinforcement layers to a
substantially flattened configuration.

34. The stent device delivery system according to Claim 33
wherein the flattened pull member is retained in a state of

resilient compressicn.

35. The stent device delivery system according to any one of
Claims 26 to 34 wherein the varying radial profile includes a
textured surface, preferably selected from stippling, scoring

and cross hatching.

36. The stent device delivery system according to any one of
Claims 26 to 34 wherein the varying radial profile includes
pull member retention means for engaging the internal
surfaces of the first and reinforcement layers of the outer
sheath.

37. The stent device delivery system according to any one of
Claims 26 te 36 wherein the varying radial profile includes a

longitudinally varying component.

38. The stent device delivery system according to any one of
Claims 26 to 37 wherein the varying radial profile includes a

transversely varying component.

39. A method of manufacturing a stent device delivery system
comprising the steps of:

providing a stent device;

providing an outer sheath to the stent device for

retaining the stent device in a radially compact delivery
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configuration and being retractable relative to the stent
device to allow radial expansion of the stent device to a
deployed configuration;

providing a pull member to the outer sheath;

laminating a reinforcement layer to the outer sheath to
capture a portion of the pull member radially therebetween,
wherein the pull member exhibits a varying radial profile

along at least a portion of the captured length.

40. The method of Claim 39 comprising the further step of
radially compressing the pull member to a flattened

configuration.
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