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! (57) Abstract

A delivery system (10) for implantation of a medical device in a body lumen consists of an elongate flexible catheter (12) for
delivering the medical device (16) to a predetermined location in a lumen. The medical device surrounds the flexible catheter near its distal
end and is held in a delivery configuration where the medical device has a reduced radius along its axial length by a storage sleeve (18).
The storage sleeve surrounds the medical device. Where the catheter has an outer sleeve (14) the storage sleeve not only provides a means
for retaining the medical device in its delivery configuration, but also protects the outer sleeve from creep during storage and/or elevated
temperature conditions. The storage sleeve 1s removed from the system prior to use.
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STENT DELIVERY SYSTEM WITH STORAGE SLEEVE

Background of the Invention
1. Field of the Invention

The present invention relates to delivery systems for delivering and
deploying medical devices such as stents. More specifically, the invention relates to
a medical delivery system having an outer sleeve, and a storage sleeve
located between the outer sleeve and the medical device. The medical device may
include all self-expanding catheter delivered prosthetics, including stents and IVC
filters, or the like, including medical devices of utility in any body lumen, including

the esophagus, urethra, ureter, biliary tract, blood vessels or other body lumens.

2. Description of the Related Art
Stents and delivery systems for deploying stents are a highly

developed and well known field of medical technology. Stents have many well
known uses and applications. A stent is a prosthesis which is generally tubular and
which 1s expanded radially in a vessel or lumen to maintain its patency. Stents are
widely used in body vessels, body canals, ducts or other body lumens.

The preferred present stent delivery apparatus may be utilized with
any self-expanding stents, which are known in the art. A well known self-
expanding stent is the woven braided stent disclosed in U.S. Patent Nos. 4,655,771
(Wallsten); 4,954,126 (Wallsten) and 5,061,275 (Wallsten), although any type of
self-expanding stent may be deployed using the inventive delivery system and
method. A preferred stent for use with the stent delivery system of the present
invention is described in co-pending published PCT Application WO 95/31945
directed to “Improved Tissue Supporting Devices”.

The delivery systems for stents are generally comprised of catheters
with the stent axially surrounding the distal end of the catheter. It is highly
desirable to keep the profile of the catheter as small as possible. Therefore, self-
expanding stents are generally confined in a reduced radius for delivery to the

deployment site. Once the stent is deployed the catheter is removed, leaving the

stent implanted at the desired location to keep the vessel walls from closing.
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A variety of techniques have been developed for holding a self-
expanding stent 1n its reduced configuration while moving the distal end of the
catheter to the deployment site. For example, in U.S. Patent 4,655,771 (Wallsten),
gripping members at either end of the stent hold the stent in an axially-elongated
position, which causes the stent to take a reduced radius delivery configuration.

Another common technique for maintaining the self-expanding stent in
a reduced radius delivery configuration 1s using a sheath which surrounds the stent
and compresses it around the catheter. This technique is disclosed in U.S. Patent
No. 5,071,407 (Termun) and U.S. Patent No. 5,064,435 (Porter), both of which use
a silicon rubber sheath to compress the stent. A similar technique is disclosed in
5,026,377 (Burton) and 5,078,720 (Burton).

A variation on surrounding the stent with a sheath 1s disclosed 1n
4 732,152 (Wallsten); 4,848,343 (Wallsten) and 4,875,480 (Imbert), all of which
disclose using a sleeve formed of a doubled-over section of membrane to compress
and contain the stent.

U.S. Patent No. 5,234,457 disciloses using a sheath to surround a
mesh stent of the type disclosed 1n U.S. Patent No. 4,922,405. However, in this
patent the sheath 1s not used to compress the stent, but is used to prevent fluid from
accessing the stent. The stent 1s impregnated with a pure gelatin or other
dissolvable material which, when cured, has sufficient strength to hold the stent 1n
its reduced delivery configuration. Once the sheath is withdrawn, the stent is
exposed to the body fluids which dissolve the gelatin, allowing the stent to self-
expand. This reference also discloses using axial distribution of gelatins with
different rates of thermal decomposition to control the physical profile of the stent as
it expands. However, using an impregnated mesh stent adds several inconvenient
manufacturing steps to the process of preparing the stent for implantation.

In addition, none of the prior art methods of containing self-
expanding stents address the problems associated with storage. For example, the
outer sleeve of prior delivery systems can creep during storage and/or under
elevated temperature conditions due to the expansion forces of the stent onto the
inner diameter of the sleeve. As storage temperatures increase, for example, certain

stenting materials such as nitinol, become stronger. Such a self expanding stent
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could conceivably expand during storage and not only deform the outer sleeve, but

also become unsuitable for use due to its expansion.

There remains a need in the art for a stent delivery system in which
the outer sleeve and the stent are retained in place for the purposes of storage,
thereby preserving the shape of the stent and the sleeve. Furthermore, there

remains the need for a stent delivery system in which the profile of the delivery

catheter 1s retained in storage.

Invent;

Accordingly, the present invention provides a stent delivery apparatus
including means for removing the storage load of a stent from the outer sheath. The
inventive stent delivery device includes a catheter with a seif-expanding stent held in
a reduced delivery configuration for insertion and transport through a body lumen to
a predetermined site for deployment. The stent is held by a storage sleeve which is
removable prior to use of the stent delivery apparatus.

The present invention therefore contemplates any stent delivery device
In combination with a storage sleeve. The inventive storage sleeve may be used
with any device having an outer sleeve that retracts from a stent, including a stent
delivery apparatus with a slipping sleeve, i.e. rolling membrane, sliding sleeve, a
doubled over section of membrane, or a section of membrane folded onto itself.

The preferred embodiment is a stent delivery system with a pull back outer sleeve
design which has a tubular storage sleeve placed between the outer sleeve and the
stent. The stent 1s held in the delivery configuration by the tubular storage sleeve,
which also protects the outer sleeve from creep during storage and elevated
temperature conditions.

The tubular storage sleeve of the present invention will prevent a stent
from becoming embedded in a pull-back sleeve. This allows for the use of a
"weak"” pull back sleeve. The storage sleeve can be used under or over a pull back
sleeve.

In storage, the storage sleeve will hold the stent in its delivery
configuration in an environment having a temperature of up to about 150-160°F.

An alternate embodiment of the stent delivery device includes a

SUBSTITUTE SHEET (RULE 26)
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storage sleeve with a distal end closure, 1.€. a storage cap, to provide a watertight
seal for the stent. A further alternative embodiment includes a flare at the distal
end.

The storage or cap may be made of a metallic material or a
polymeric material. One or more surfaces of the sleeve or cap may include a
teflon, hydrophobic or hydrophilic coating to simplify its removal prior to use of the
stent delivery system. A storage sleeve or cap according to the present invention
may include a magnet in association with the distal end closure to simplify removal
of the cap.

The invention may also be used with a device for delivery of non self-
expanding stents by placing the storage sleeve or cap between the outer sleeve and
the stent, which 1s placed around an expandable balloon. Alternatively, the storage
sleeve or cap may be placed over a stent delivery apparatus without an outer sleeve.
Further, the invention may be used with a single layer hydraulic sheath stent
delivery apparatus such as is disclosed in U.S. Patent No. 5,445,646.

The invention may also be used with medical devices including but
not limited to self-expanding catheter delivered prosthetics, including stents and
IVC ftilters, or the like, including medical devices of utility in any body lumen,

including the esophagus, urethra, ureter, biliary tract, blood vessels or other body

lumens.

Brief Description of the Drawings
A detailed description of the invention is hereafter described with

specific reference being made to the drawings in which:
Figure 1 1s a schematic depiction of a medical device delivery
apparatus according to the present invention, with radially expandable medical

device and storage sleeve carried within a catheter sheath;

Figure 2 1s a schematic cross-section of the apparatus shown in Figure

1, taken along line 2-2;
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Figure 3 1s a fragmentary view of a stent deployment device
according to the present invention with storage sleeve between the outer sleeve and

the stent;

Figures 4-6 are fragmentary views as in Figure 3 showing alternative
embodiments of the storage sleeve between the outer sleeve and the stent:

Figure 7 1s a fragmentary view of a medical device delivery apparatus
according to the present invention, with radially expandable medical device and
storage sleeved carried thereon;

Figures 8-9 are fragmentary views as in Figures 3-6 showing
alternative embodiments of the storage sleeve between the outer sleeve and the stent,
wherein the storage sleeves are being removed:

Figure 10 1s a fragmentary view of a stent deployment device
according to the present invention with storage sleeve covering the outer diameter of
the stent and delivery catheter, wherein the storage sleeve is being removed;

Figure 11 1s a perspective view of the distal portion of a stent
deployment device according to the present invention; and

Figures 12 and 13 are perspective views as in Figure 11 showing

alternative methods of removal of the storage sleeve.

Description of the Preferred Embodiment:

While this invention may be embodied in many different forms, there
are shown 1n the drawings and described in detail herein specific preferred
embodiments of the invention. The present disciosure is an exemplification of the
principles of the invention and is not intended to limit the invention to the particular
embodiments illustrated.

The present mnvention provides in one form a stent delivery apparatus
including a catheter, a self-expanding stent held in reduced delivery configuration
for insertion and transport through a body lumen to a predetermined site for
deployment. The inventive stent delivery apparatus further includes means for
removing the storage load of a stent from the outer sheath, a storage sleeve which is
removable prior to use of the stent delivery apparatus.

The present invention therefore contemplates any stent delivery device

SUBSTITUTE SHEET (RULE 26)
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in combination with a storage sleeve. The inventive storage sleeve may be used
with any device having an outer sleeve that constrains a stent to its delivery
configuration during storage and during delivery to its deployment site within the
body, and 1s removed from the stent for stent deployment, including a stent delivery
apparatus with a slipping sleeve 1.e. rolling membrane, sliding sleeve or doubled
over section of membrane. The preferred embodiment is a stent delivery system
with a pull back outer sieeve design which has a tubular storage sleeve placed
between the outer sleeve and the stent. The stent is held substantially in its delivery
configuration by the tubular storage sleeve, which also protects the outer sleeve
from creep during storage and elevated temperature conditions of up to about 150-
160°F.

The present invention also contempiates the use of a storage sieeve as
described with any delivery apparatus for balloon expandable NiTi stents, including
those without an outer sleeve. The invention mayv also be used with medical devices
including but not limited to all self-expanding catheter delivered prosthetics,
including stents and IVC filters, or the like, including medical devices of utility in
any body lumen, including the esophagus, urethra, ureter, bihiary tract, blood
vessels or other body lumens.

Referring now to the figures, Figure 1 provides a schematic depiction
of a stent delivery apparatus, shown generally at 10, which 1s used to deliver a stent
in a reduced radius delivery configuration to a deployment site in a body according
to the present invention. The distal portion of apparatus 10 1s shown 1n cross
section 1n Figure 2. Apparatus 10 includes an elongate flexible catheter 12, with a
guide wire 13. In the preferred embodiment catheter 12 is extruded of
biocompatible materials such as polyimide, surlyn, teflon or polyethylene. Other
suitable materials for catheter 12 inciude nylons, urethanes, and polypropylene
materials which are preferably compatible with silicone and/or hydrophilic coatings.
It should be understood that while a hydrophilic coating i1s preferred, any
biocompatible material may be used. The catheter materials, while not themselves
hydrophilic can be coated with a hydrophilic material. Therefore, it can be seen
that any biocompatible material can be used to make catheter 12. As will be

discussed below, the inventive stent delivery apparatus allows for the outside
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diameter of the catheter to be 5.3 French (F) (0.060 inches or 1.52 mm) or less

using a .014 inch guide wire.

The distal end portion of catheter 12 has a pull back outer sleeve 14
which encases stent 16 and 1s actuated/retracted by pull wire 17. Stent 16 is a self-
expanding stent, and 1n the preterred embodiment is a shape memory alloy (Nitinol)
slotted tube stent. However, the disclosed stent delivery apparatus will deliver any
type of self-expanding stent, such as for example, a so called woven braided stent of
a type somewhat similar to those disclosed in Wallsten 4,655,771: Wallsten
4,954,126 and Wallsten 5,061,275. Stent 16 is shown confined in its reduced radius
delivery configuration by the inventive storage sleeve 18, located between stent 16
and outer sleeve 14. Storage sieeve 18 surrounds the outer diameter of stent 16 and
Is covered by the inner diameter of outer sleeve 14. Figure 2 is a schematic cross-
section of the apparatus shown 1n Figure 1, taken along line 2--2.

Storage sleeve 18 may be made of any metal, polymeric or composite
material. Although storage sleeve 18 does not contact the body it must be
biocompatible as there 1s a possibility that storage sleeve 18 could contact stent 16
during removal and leave traces of the material of which the sleeve is made on the
stent.

Storage sleeve 18 could be made of any biocompatible alloy, such as
stainless steel, titanium, tantalum, nitinol, eigiloy, and the like, stainless steel being
most preferred. Storage sleeve 18 could be made by any suitable process for
forming metal, the most preferred being stamping or rolling.

Storage sleeve 18 may also be made of a biocompatible polymeric
material, such as polyimides, teflons, polyolefins, nylons, and the like, polyimides
being most preferred. Storage sleeve 18 of polymeric material could be made by
any suitable process, the most preferred being extrusion if the material is a
thermoplastic or by other suitable process if the material is a thermoset polymer.
Storage sleeve 18 may also be made of molded plastic, such as polyolefin copolymer
(POC) SURLYN™, fluoropolymers, non-compliant poiyethylene terephthalate (PET);
pelyimide, nylon, polyethylene or the like.

Alternatively, such a sleeve may be commercially available. For

example, storage sleeve 18 may be made of a piece of metallic or polymeric tubing

SUBSTITUTE SHEET (RULE 26)
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Referring now to Figures 3-6, outer sleeve 14 1s shown 1n a partially
uncovered position for better view of storage sleeve 18. Figure 3 1s a fragmentary
view of the device as in Figure 1 showing storage sleeve 18. Figures 4-6 show
alternative embodiments of storage sleeve 18. In Figure 4, storage sleeve 18 has an
optional distal end closure 20. Storage sleeve 18 and end closure 20 may be unitary
in construction, 1i.e., a cap, and may be produced by the methods noted above.
Storage sleeve 18 with optional end closure 20 provides a watertight seal for stent
16 during storage.

A storage sleeve according to the present invention may optionally
include a magnet 1n association with its distal end tb simplify its removal. The
storage sleeve would be removable by using a magnet external of the stent delivery
device. Storage sleeve 18, is shown at Figures 4 and 6 having a magnet 22 located
at its distal end portion. Storage sleeve 18 as shown at Figure 4 may include a
magnet 22 located at end closure 20. Where storage sleeve 18 is made of a metal
alloy or polymer, end closure 20 may alternatively be a magnet.

An alternative embodiment of storage sieeve 18, shown at Figure 35,
includes grasping means 24 to prevent placement in the body with the sleeve.
Grasping means 24 can be of any suitable shape. At Figure 5, grasping means 24 is
a flare. The storage sleeve shown at Figure 6 includes end closure 20 and grasping
means 24. At Figure 8, grasping means 24 is a ring. Alternatively, one or more
surfaces of storage sleeve 18 may include a Teflon® or other lubricious coating to
simplify its removal prior to use of the stent delivery apparatus.

Alternatively, the storage sleeve or cap may be placed over a stent
delivery apparatus with an outer sleeve. Figure 10 shows a stent deployment device
according to the present invention wherein storage sleeve 18 covers the outer
diameter of outer sleeve 18 and stent 16.

Further, storage sleeve 18 may be used with a stent delivery
apparatus having no outer sleeve, as shown in Figure 7. Storage sleeve 18 would
protect a stent by preventing dislodgement and would prevent expansion of a stent
such as a NiTi stent, not only during storage prior to delivery, but also during

sterilization.

SUBSTITUTE SHEET (RULE 26)
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At Figures 8-10, a storage sleeve 18 1s shown being removed.
Removal is shown in further detail at Figures 11-13. Figure 11 is a fragmentary
perspective view of catheter 12, showing pull back outer sleeve 14 and storage
sleeve 18. As shown in Figure 12, storage sleeve 18 may be removed by grasping
its end and removing it from catheter 12. As shown in Figure 13, where storage
sleeve 18 includes a magnet 1n association with its distal end, storage sleeve 18 may
be removed by using an external magnet 30.

The invention may also be used with a device delivery of non self-
expanding stents by placing the storage sleeve or cap between the outer sleeve and
the stent, which 1s placed around an expandable balloon such as balloon expandable
shape memory alloy (nitinol) stent as disclosed in published PCT Application No.
WO 95/31945, where elevated storage temperatures may cause expansion of the
stent. The storage sleeve may also be used with any delivery apparatus for balloon
expandable Ni1Ti stents, including those without an outer sleeve. Further, the
invention may be used with a single layer hydraulic sheath stent delivery apparatus
such as 1s disclosed mm U.S. Patent No. 5,445,646.

One of the important features of the inventive stent delivery apparatus
1s that i1t ensures the retention of the desired delivery configuration of not only the
stent, but also the outer sleeve. .

The stent delivery system of the present invention provides a means
by which the stent is retained in place for the purposes of storage, thereby
preserving the shape of the stent and the outer sleeve, and preserving the proﬁle. of
the delivery catheter and the smooth retraction or removal of the outer sleeve.

The present invention prevents the outer sleeve of the delivery
systems from creeping during storage and/or under elevated temperature conditions,
and prevents the self-expanding stent from expansion during storage, thereby
preventing the self-expanding stent from deforming the outer sleeve and becoming
unsuitable for use due to its expansion or the embedding of the stent into its inner

surface.

Where the outer sleeve of the delivery system us made of material
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which will resist deformation by the stent, the storage sleeve may be placed either
on the inner diameter or the outer diameter of the outer sleeve of the catheter
delivery means. Placing the storage sleeve over the outer sleeve of the catheter
delivery means would provide strength to a thin-walled retaining sleeve during
storage. A retaining sleeve with a thinner wall provides a lower profile and
improved flexibility.

There are many advantages provided by the present invention. The
storage sleeve of the present invention will prevent a stent from becoming embedded
in a pull-back sleeve. This allows for the use of a "weak" pull back sleeve. The
storage sleeve can be used under or over a pull back sleeve, or even with a balloon
expandable medical device having no pull back sleeve.

This completes the description of the preferred and alternate
embodiments of the invention. It is to be understood that even though numerous
characteristics and advantages of the present invention have been set forth in the
foregoing description, together with the details of the structure and function of the
invention, the disclosure is illustrative only and changes may be made 1n detail,
especially in matters of shape, size and arrangement of parts within the principles of
the invention, to the full extent indicated by the broad, general meaning of the terms
in which the appended claims are expressed. Those skilled in the art may recognize
other equivalents to the specific embodiment described herein which are intended to

be encompassed by the claims attached hereto.
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WHAT [§ CLAIMED IS:
L. A deiivery system for implantation of a medical device in a vessel.
comprising:

elongate flex:ble catheter means having proximal and distal ends for
delivering a self-expanding medical device to a desired Incation in a vessal:

an outer sleeve surrounding the distal end of the catheter means:

a self-expanding medical device having proximal and distal ends, the
medicaz] device surrounding and carried by the flexible catheter means near the distal
end of said catheter means, the medical device being in a delivery configuration where
the medical device has a reduced radius aiong an axial length of said medical device:

retaining means for retaining the medical device in approximately or
substantially the delivery configuration, the retaining means comprising a sleeve
retaining means for retaining the medical device in its delivery configuration, the
sleeve retaining means surrounding an outer diameter of the medical device and
further being surrounded by the outer sleeve, sald retaining means being constructed
and arranged for removal prior to implantation of the medical device.

2. The delivery system of claim 1 wherein the sleeve retaining means is made
of a biocompatible poiymeric material.

3. A delivery system for implantation of a medical device in a vessel,
comprising:

elongate flexible catheter means having proximal and distal ends for
delivering a self-expanding medical device t0 a desired lccation in a vessel;

an outer sleeve surrounding distal end of the catheter means;

a self-expanding medical device having proximal and disial ends, the
medical device surrounding and carried by the flexitle catheter near its distal end,
the medical device betng tn a delivery configuration where the medical device has a
reduced radius along its axial length;

retaining means for retainuing the medical device (n approximately cr
substantially the delivery configuration, the retaining means comprising a sleeve
retaining means for retaining the medical device in its delivery configuration, the
sleeve retaining means surrounding an outer diameter of the medical device and

further being surrounded by the cuter sleeve, said sleeve retaining means being made
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of a biccompatible polymeric material selected from the group consisting of
polyimdes, teflens, polyolefins, and nvlons.
4. A delivery system for implantarion of a medical device in a vessel.
comprising:
S clongate flexible catheter means having proximal and distal ends for
delivering a seif-expanding medical device to a desired location in a vessel:
an outer sleeve surrounding the distal end of the catheter means:
a self-expanding medical device having proximal and distal ends. the
medical device surrounding and carried by the flexible catheter near its distal end.
10 the medical device being 1n a delivery configuraton where the medical device has a
reduced radius along its axial length;
retaining means for retaining the medical device in approximately or
substantially the delivery configuration, the retaining means comprising a sleacve
retaining means for retaining the medical device in its delivery configuration, the
L5 sleeve retamning means surrounding an outer diameter of the medical device and
further being surrounded by the outer sleeve, the sleeve retaining means being made
of 2 biccompatible metal alioy.
S, The delivery system of claim 4 wherein the biccompatible metal alloy is
seiected from the group consisting of stainless steel, titanium, tantalum, nitinol, and
20 elgilov,
6. The delivery system of claim | wherein the sleeve retaining means further
comprises 2 proximal end, a distal end and an end cap located at the distal end.
7 The delivery system of claim | wherein the sieeve retaining means further

I .

comprises a proximal end and a distal end, the sleeve retaining means being enlarged

25 at the distal end thereof.

8. The delivery system of claim 1 further including means for removing the

sleeve retaining means.

9. A stent delivery system comprising:
a) a stent delivery catheter naving a proximal end and a distal end,
30 b) a stent mounted on the distal end of the catheter, the stent having a

delivery configuration;

-

C) a retaining means for retaining the stent in approximately or e
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substantially said delivery configuration; and
d) a storage sleeve located between the stent and the retaining means, said
storage sleeve being adapted for removal prior to stent delivery.
1. Adelivery system for implantation of a balloon-expandable medical device i
5 a vesse!l, comprising:
elongate flexible catheter means having proximal and distal ends for
delivening a valloon-expandable medical device to a location in a vessel:
an outer sleeve surrounding the distal end of the catheter means:

a balloon-expandable medical device having proximal and distal ends,
L0 the medical device surrounding and carried by the flexible catheter means near the
distal end of said catheter means, the medical device being in a delivery configuration

where the medical device has a reduced radius along an axial length of said medical

device:
retaining means {or retaining the medical device in approximately or
1S substantially the delivery configuration, the retaining means comprising a sleeve

retaining meuns for retaining the medical device in said delivery configuration, the
sleeve retaining means surrounding an outer diameter of the medical device and
further being surrounded by the outer sleeve, said retaining means being adapted for

removal prior to implaniation of the medical device.
20 11. A delivery system for implartation of a balloon-expandable medical device ir
a vessel, cocmprising:
elongate flexible catheter means having proximal and distal ends for
delivering a balioon-expandable medical device 10 a locaticn in a vessel;

a balloon-expandable medical device having proximal and distal ends,
235 the medical device being made of shape memory Nitinol alloy of which the

transition temperature is higher than body temperature, the medical device
surrounding and carried by the flexible catheter means near the distal end of said
catheter means, the medical device being in a delivery configuration where the

- medical device has a reduced radius along an axial length of said medical device;

30 retaining means for retaining the medical device in approximately or
substantially the delivery configuration, the retaining means comprising a sleeve
retaining means for retaining the medical device in said delivery configuration, the <\
S5
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sleeve retaining means surrounding an outer diameter of (he medical device, said
retaining means being adapted for removal prior to implantation of the medical
device.
12, A delivery system for implantation of a medical device in a vessel.
5 comprising:
elongate flexible catheter means having proximal and distal ends for
delivering a seif-expanding medical device to a desired location in a vessel:
an outer sleeve surrounding the distal end of the catheter means:
a seli-expanding medical device having proximal and distal ends. the
10 medical device surrounding and carried by the flexible carheter means near the distal
end oOf said catheter mearns, the medical device being in a delivery configuration where
the medical device has a reduced radius along an axial length of said medical device:
retaining means for retaining the medical device in approximately or
substantially the delivery configuration, the retaining means ccmgprising a sleeve

15 retaining means for retaining the medical device in said delivery configuration, the

slesve retaining means surrounding an cuter diameter of the outer sleeve, said
retaining means oeing adapted for removal prior to imelantation of the medical -

device.
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