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ABSTRACT

A stent holding member used in a stent delivery system adapted to 1mplant a

stent of a cylindrical configuration, designed to be embedded in a living body, to a
desired site of implantation in a vessel of the living body. The stent holding member
includes a tubular holding member formed of an elastic material. The holder has a
groove in its outer peripheral portion for holding one or more supporting struts
making up the stent. Each of these supporting struts 1s embedded at least partially in
the groove to hold the stent. The groove has its opening end side expanded by
expansion of the holder along the radial direction. By expansion of the opened end of

“the groove, the stent held in the groove is dilated and released from the holder.
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DESCRIPTION

Stent Holding Member and Stent Delivery System

Technical Field

The present invention relates to a stent holding member used in a stent
delivery device for transferring a stent which is implanted in a vessel of a living body,
such as a blood vessel, lymphatic vessel, bile duct or urinaiy tract, via e.g., a catheter,
to set an expanded state the vessel andto maintain the expanded state for a preset time
period, at a desired site of implantation in the vessel, and to a stent delivery device

employing such a stent holding member.

Background Art

Where the state of _stenosis has occurred in a vessel of a living body, such as a
blood vessel, or in particular an artery, the technique of percutaneous angioplasty
(PTA) is routinely applied. This 1s the surgical procedure of introducing a balloon
mounted to the vicinity of the distal end of a catheter to the stenosed lesion, with the
balloon then being expanded to hold open the stenosed lesion to secure the blood

flow.
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It is known that, even with the application of PTA, there is a high risk of

restenosis occurring in the stenosed lesion.

In order to prevent restenosis, a stent is implanted into the vessel to which
PTA has been applied. The stent, implanted 1nto the blood vessel in the constricted
state, is subsequently dilated and implanted into the blood vessel to support the vessel
wall from inside to prevent restenosis. Such stens formed of metal, e.g., stainless steel,
Ti-Ni alloy, or of a resin material or of biodegradable polymer have already been
proposed and are already known to be in use.

A stent delivery system 1s used for delivering the stent to a desired site in the
vessel. The stent delivery system has adifferent stent holding mechanism, depending
on the method used for expanding the stent.

For example, a stent delivery system exists in which a bai]oon expandable
stent, contracted by plastic deformation, is expanded by a balloon and kept in the
expanded state even after removal of the balloon. Therefore the stent may be
implanted into a desired site in the vessel.

This stent delivery system comprises a balloon in a contracted state at thc
distal end of the catheter, and a mechanism for loading and holding a

balloon-mounted stent, with the stent being in a contracted state under the effect of
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plastic deformation. The catheter carrying the balloon at its distal end, as used here, is

termed a balloon catheter.

For implantation of the stent into a desired site, the stent delivery system
compnsing the balloon catheter and carrying the stent, 1s introduced into the vessel.

When the stent has been delivered to the desired site of implantation, a fluid
material, such as a contrast medium, which is an X-ray impermeable liquid material,
is supplied to the balloon via the catheter to dilate the ballbon. Such expansion of the
balloon dilates the stent mounted to the outer periphery of the balloon.

Another stent delivery system, a self-expandable stent, contracted under an
external pressure and expanded on removal of the external pressure, to a desired site
of implantation in the vessel, is provided with a mechanism for holding the stent by a
protective sheath for preventing self-expandable of the stent. This protective sheath is
adapted for covering the outer periphery of the stent, mounted in a contracted state to
the distal end of the catheter inserted into a vessel of the living body. This stent
delivery system holds the stent in the contracted state by means of the protective
sheath and delivers the stent to the target site in the vessel without the steni
~ incidentally becoming detached from the catheter. When the stent mounted to the

distal end of the catheter has been delivered to the target site in the vessel, the
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protective sheath is moved relatively to the catheter, whereby the stent is expanded
from the contracted state, so as to be self-expanded and left at the desired site in the
vessel.

Meanwhile, the stent delivery system for the balloon expandable stent is of
such a structure thatthe catheter carrying the stent exposed to the outer surfae of the
balloon 1s introduced into the vessel. Therefore, while the stent is being delivered to
the site of implantation in the vessel, the stent tends to cause some injury to the inner
wall 'of the vesse1,| as it comes into contact with the vessel wall directly. In particular,
if the stent 1s delivered in the exposed state from the catheter or balloon to a target site
in the blood vessel, which is of small diameter and is bent or meandesing, the blood
vessel wall coming into contact with the stent may readily be injured. Moreover, ifthe
stent is made of metal, sharp or rigid sites may be produced on the surface of the stent.
If the above-described stent is introduced into the vessel in the exposed state, the inner
wall of the vessel may be easily injured. Additionally, in the stent delivery system for
the balloon expandable stent, there are cases of the stent becoming detached from the
stent delivery system during its delivery to the target site. This occurs when the
balloon expandable stent is mounted directly on the balloon without the protective

sheath.
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In the stent delivery system for the self-expandable stent, the protective sheath
is mounted on the outer peniphery of the stent, which is loaded at the distal end of the
catheter. Thus, the stent portion of the delivery system for the self-expandable stent is
larger in outer diameter than the stent portion of the delivery system for the balloon
expandable stent.

It 1s difficult to deliver the stent to a target site witha large outer diameter the
stent delivery system and especially so if the' desired target site has a small inner
diameter. Furthermore it is impossible to implant the stent if the inner diameter of the
desired target site is smaller than the outer diameter of the stent delivery system.
Consequently, the self-expandable stent has limitations in terms of target site, as
compared to the balloon expandable stent.

In the case whereby the stent delivery system for the self-expandable stent
delivers the stent in a tortuous blood vessel, the protective sheath and the stent should
be delivered together in the bent or meandering blood vessel. Therefore, it is difficult
to remove the protective sheath smoothly from the stent and to implant the stent into
the target site. Moreover it is extremely difﬁéult to release the stent, loaded on the
distal end of the catheter, from the contracted state brought about by the protective

sheath, and to implant the stent thus released at the desired site in the vessel.
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In order to introduce the stent into the vessel which is not only of small
diameter and tortuous, but also is consolidation, the characteristics of the stent
delivery system are needed to pass the stenosed site easily and with sufficient
tractability, otherwise the stent will be unable toreach the desired target site.

Consequently, the shape and mechanical properties of the stent delivery
systeni, which deliver the various types of stent to the desired target site, require a

small outer diameter, flexibility and surface smoothness.

Disclosure of the Invention

It 1s an object of the present invention to provide a stent holding member
capable of positively iinplanting the stent loaded on the catheter to a desired site in the
vessel of the living body, without the rnisk of detachment, and a stent delivery system
employing this stent holding member.

It 1s another object of the present invention to provide a stent holding member
' capable of implanting the stent to a desired site in the vessel of the living body,
without injuring the vessd wall, and a stent delivery system employing this stent

holding member.

It 1s still another object of the present invention to provide a stent holding
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member which allows the stent to pass through the vessel of small diameter so as to be
implanted in the vessel, and a stent delivery system employing this stent holding

.member.

It is still another object of the present invention to provide a stent hoiding
member which allows the stent to pass through the tortuous or consolidated vessel of
small diametet, and a stent delivery system employing this stent holding member.

It is still another object of the present invention to provide a stent holding
member which enables the stent loaded on the catheter to be implanted accurately at a
desired site 1n the vessel of the living body, and a stent delivery system employing this
stent holding member.

It 1s yet another object of the present invention to provide a stent deliver and
holding member which enables an optional stent to be readily combined with an
optional balloon catheter.

For accomplishing the above object, the present invention provides a stent
holding member used in a stent delivery system adapted to deliver a stent of a
cylindrical configuration, designed to be implanted in a living body, to a desired site
of implantation in a vessel, in which the stent holding member includes a tubular

holding member formed of an elastic material. The holder has a groove in its outer
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peripheral portion for holding one or more supporting struts making up the stent. The

struts are embedded at least partially in the groove to hold the stent.

The holder may also be formed of an elastic material, formed of, for example,
a silicone resin based adhesive, exhibiting tackiness, in order to raise the holding
power of the stent mounted on its outer periphery. By using the siliconebased
adhesive, exhibiting tackiness, it is possible to improve the stent holding power to
allow the holder to retain the stent even if the struts forming the stent are not fully
embedded in the groove.

The groove holding the struts of the stent of the tubular structure has its open
end expanded by expansion of the holder in the radial direction. By the expansion of
the open end side of the groove, the holding power of the holder is lost, such that the
stent held by the struts embedded in the groove is released from the holder. In case
the silicone-based adhesive exhibiting tackiness is used, the tackiness is lowered due
to expansion of the holder in the radial direction to release the stent from the holder.

By embedding part or all of the stent’s struts, the stent can be held without
excessively protruding from the outer periphery of the holder, so that, when the stent
is inserted together with the holding member into the vessel, it is possible to prevent

the stent from 1njuring the inner wall of the vessel.




CA 02398774 2002-06-26

The holder may be formed of one or more materials selected from the group
consisting of synthetic resin, natural resin, silicon resin and siliconebased resin
adhesive, those have the modulus of elasticity.

The holder is formed by layering two or more tubular members having
different values of the modulus of elasticity. The tubular member of the outer layer
may be formed by a silicon resin based adhesive exhibiting tackiness.

The present invention also provides a stent delivery system adapted to transfer
a stent of a cylindrical configuration, designed to be implanted in a living body, to a
desired site of implantation in a vessel of the living body. The stent delivery system
includes a catheter inserted into a vessel of a living body, a balloon provided to the
distal end of the catheter and expanded by a fluid supplied into the inside of the
catheter, and a stent holding member provided to the outer periphery of the balloon.
The holder has a groove in its outer peripheral portion for holding one or more
supporting struts making up the stent. The struts are embedded at least partially in
the groove to hold the stent.

The stent held by the stent holding member is released from the stent holding
member and dilated by expansion of the holder in the radial direction on expansion of

the balloon.
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Other objects, features and advantages of the present invention will become

more apparent from reading the embodiments of the present invention as shown in the

drawings.

Brief Description of the Drawings

Fig.1 is a perspective view showing a stent delivery system according to the
present invention.

Fig.2 is a cross-sectional view showing an instance of a catheter constituting
the stent delivery system.

Fig.3 is a partial cross-sectional view showing the vicinity of a distal end of
the catheter provided with a balloon.

Fig.4 1s a cross-sectional view showing the state in which a stent holding
member is mounted to the distal end of the catheter.

Fig.5 is a perspective view showing a holder constituting a stent holding
member according to the present invention and a stent retained by this holder.

Fig.6 1s a cross-sectional view showing the stent holding member holding the

stent,

Figs.7A, 7B and 7C are partial cross-sectional views showing instances of
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grooves formed in the holder.

Fig.8 is a cross-sectional view showing the state in which the holder is dilated

to release the stent retained by the holder from the ho]der.

Fig.9 is a perspective view showing the holder dilated to enlarge the groove.

Fig.10 i1s a perspective view showing a modification of the stent holding
member according to the present invention.

Fig.ll IS a cross-sectional view thereof.

Figs.12A, 12B and 12C are perspective views showing the state of forming
the holder constituting the stent holding member according to the present invention.

Fig.13 is a longitudinal cross-sectional view showing the state in which the
balloon provided to the catheter is expanded to dilate the holder to release the stent
retained by the holder from the holder.

Fig.14 is a transverse cross-sectional view thereof.

Fig.15 1s a perspective view showing a modification of a stent retained by the

stent holding member according to the present invention.

Best Mode for Carrying out the Invention

Referring to the drawings, a stent holding member and a stent delivery system
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employing this stent holding member according to the present invention will now be
explained more specifically.

First, the stent delivery system empldying the stent holding member according
to the present invention is explained.

This stent delivery system includes a catheter 1, introduced into a vessel, such
as a blood vessel, as shown in Fig.1.  The catheter 1 is formed of e.g., a flexible
synthetic resin material, and includes a wire-introducing through-hole 3, adapted to be
passed through by a guide wire 2, and a fluid passage 4 for supplying a fluid, such as a '
contrast medium, formed of an X-ray impermeable liquid material, as shown in Fig.2.
The through-hole 3 and the fluid passage 4 are arranged side-by-side relative to each
other. The guide wire 2, inserted into the catheter 1, is introduced into the blobd
vessel in advance of the catheter 1 so as to serve as a giide to introduce the catheter 1
to a desired target site. The fluid supplied into the fluid passage 4 is used for
expanding the balloon 5 mounted to the distal end of the catheter 1.

The proximal end of the catheter 1 includes a valving mechanism 6 , for
securing the wire 2 inserted into the wireintroducing through-hole 3 and for
opening/closing the wire-introducing through-hole 3, and a fluid-supplying valving

mechanism 7 for opening/closing the fluid passage 4 provided to the catheter 1, as
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shown in Fig.1.

To the distal end of the catheter 1, there is mounted, 1n a contracted state, a
balloon 5, which is expanded by the fluid supplied via the fluid passage 4, as shown 1n
Fig.3. In a portion of the catheter 1 to which to mount the balloon 5, there is bored
one or more through-hole(s) 8 communicating with the fluid passage 4. The
through-hole 8 has the function of supplying the fluid fed into the fluid passage 4 into
the inside of the balloon 5 or of sucking the fluid, supplied into the balloon §, via the
fluid passage. The balloon 5 1s mounted to the distal end of the catheter 1 to overlie
the through-hole 8 as shown in Fig.3, so that it 1s expanded by the fluid supplied into
the fluid passage 4 to flow via the through-hole 8, and so that it is contracted by the
fluid sucked back into the fluid passage 4 via the through-hole 8.

Méanwhile, the balloon 5 has its both ends bonded to the outer periphery of
the catheter 1, such as with anadhesive, so as not to be disengaged from the catheter 1.

The balloon 5 is formed of e.g., polyethylene terephthalate (PFT) in the form
of a thin film, and is designed to be expanded to a preset size as the fluid is supplied
into its 1nside.

To the distal end of the catheter 1, carrying the balloon 5 as described above,

there is mounted a stent holding member 12 holding the stent 11 on its outer periphery.
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The stent holding member 12 is mounted to cover the outer peripherla surface of the
balloon 5, as shown 1n Fig.4.

The stent holding member 12 includes a tubular holder 15 having an outer
peripheral groove 16 for holding the stent 11, as shown in Fig.5. The holder 15 is
formed of an elastic material ihat can be expanded or contracted to follow the
expansion or contraction of the balloon 5. The holder 15 1s formed of an elastic
- material that can be molded to the shape of the stent 11 held on its outer peniphery.
The elastic material may be synthetic resin, natural resin or silicone resin and
specifically may be synthetic or natural rubber, silicone rubber or a silione resin
based adhesive.

The holder 15 is in the form of a tube, havig an inner diameter R2
approximately equal to or slightly smaller than the outer diameter R1 of the catheter 1,
so that the holder 15 can be mounted with a pressure fit to the outer peripheral surface
of the balloon 5, which is collapsed around the outer peripheral surface of the catheter
1, in a manner to 'prec]ude inadvertent detachment, as shown in Figs.4 and 5. The
holding member, formed by this holder and the stent, may also be used as a device
that can be mounted to the balloon of a required guide catheter such as is disclosed in

the specification and drawings of US Patent No. 5817100.
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The groove 16, formed in the outer periphery of the holder 15, is designed to
hold a filament, such as a fiber, as a supporting strut providing a skeleton structure
forming the tubular stent 11 retained by the holder 15. Supposing that the stent 11
formed using the filament, such as fiber, 1s a male die, the groove i1s formed as a
female die coincident in shape to the stent 11.

Turning more specifically to the stent 11, the stent 11 is formed by a fiber 17
of a biodegradable polymer, which is formed intd a tubular, in particular a cylindrical
shape, by spirally bending the fiber in a zig-zag pattern to present a series of
concatenated V-shaped Segments, as shown in Fig.5.

The stent 11, formed using the fibers 17 of this biodegradable polymer, is
formed as a self-expandable stent contracted under an external pressure and which
may be dilated on removal of the external pressure.

The stent 11 may also be a self-expandable stent formed by an elongated
metal filamant of, for example, Ti-Ni based alloy, which is formed into a tubular, in
particular a cylindrical shape, and which, similarly to the fiber 17 of the biodegradable
polymer, 1s wound spirally as it 1s bent in a zig-zag pattern to present a series of
concatenated V-shaped segments.

If a balloon expandable stent, not having the self-expandable power, is used,
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the holder is able to exhibit the function of holding the stent on its periphery even if

the holder has no holding power sufficient to hold the self-expandable stent

The groove 16, formed in the outer periphery of the holder 15, is formed in
the outer peniphral surface of the holder 15 so that about one half to a whole part of
the cross-sectional profile of one fiber 17 as a supporting strut serving as a skeleton
structure to maintain the shape of the stent 11 will be embedded in the groove, as
shown in Fig.6. The groove 16 i1s of a U-shape from an outer peripheral surface 15a
towards the 1nside of the holder 15, as shown in Fig.7A, of a V-shape from the outer
peripheral surface 15a towards the inside of the holder 15, as shown in Fig.7B, or of -
an I-shape from the outer peripheral surface 15a towards the inside of the holder 15,
as shown 1n Fig.7C, such as to enable the fiber 17 of the stent 11 to be embedded in or
released from the groove 16. The groove 16 may be of any suitable shape on the
condition that the fiber 17 of the stent 11 can be held embedded therein.

Although the groove 16 may be of variegated shape, it is formed to a width
narrower than the outer diameter of the fiber 17 embedded in the groove 16. By
having the width of the groove 16 narrower than the outer diameter of the fiber 17
embedded therein, the stent 11 can be held under exploitation of the elastic force

proper to the holder 15.
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The groove 16, formed in the outer peripheral surface 15a of the holder 15 as
described above, is formed by engraving the holder, using a cutting device employing
a laser beam, along the shape of the stent 11. Altematively, there may be provided a
die for molding which is in register with the stent 11 to be held so as to form the
groove 16 using this die as a male die. The stent 11 itself, retained by the holder 15,
may also be used as a die for forming the groove 16. '

The stent 11 is embedded and retained 1n this state in the groove 16, without
being excessively protruded from the outer peripheral surface 15a of the holder 15, by
Introducing the fiber 17 forming the tubular member into the groove 16 partially or
entirely, as shown 1n Fig.6. The stent 11, thus held, may be maintained in its
contracted state, even if it is of the self-expandable type, that is, of the type in which it
is dilated on removing the external pressure.

Since the stent holding member 12 according to the present invention holds
the stent as it 1s embedded in the holder 15, the stent 11 may be positively prevented
from becoming detached from the holder 15 when the stent holding member is
mounted to the catheter 1 and introduced 1n this state into the blood vessel. Moreover,
the stent 11 may be positively prevented from injuring the inner wall of the blood

vessel to overcome the problem inherent in the delivering system for the balloon
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expandable stent.

Moreover, since it is unnecessary to provide a protective sheath required 1n a
self-expandable stent, the stent holding member can pass through the vessel of small
diameter reliably to enable the stent mounted to the catheter to be i1mplanted
acccurately at a desired site in the blood vessel in the living body.

It should be noted that, when the holder 15 i1s mounted on the catheter 1 and
introduced in this state into the blood vessel, the holder 15 may directly contact the
inner wall of the blood vessel. Therefore, the outer peripheral surface of the holder
15 is desirably smoothed so as not to injure the inner wall of the blood vessel when
the holder 15 contacts the inner wall of the blood vessel during being introduced
through the inside of the blood vessel. Additionally, both extreme ends of the holder
15 are formed as a tapered suface 15b or a smoothly continuously curved arcuate
surface, as shown in Fig 4.

‘Moreover, in order to prevent thrombi from becoming deposited on the stent
holding member 12 or on the catheter 1 during introducing the stent holding member
12 through the inside of the blood vessel, an antithrombotic agent or the like
pharmaceutical is desirably applied or deposited on the surface of the stent holding

member 12 for holding the stent 11.
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The stent holding member 12, constructed as described above, is mounted in
position, such as by fitting to cover the outer peripheral surface of the balloon 5,
mounted on the distal end .of the catheter 1, as shown in Fig.4. At this time, both
ends of the stent holding member 12 covering the balloon 5 may be bonded to the
catheter 1, using an adhesive. It should be noted that the site of bonding of the stent
holding member 12 to the catheter 1 clears the balloon 5 so as not to obstruct the
dilation of the balloon 5. As the bonding agent, fibrin starch, formed of a
blood-based material exhibiting biocompatibility, or a cyanoacrylate-containing
bonding agent, widely used at large as a skin fonning agent for surgical use, may be
used.

With the stent holding member 12, constructed as described above, if the force
acts from the inner periphery towards the outer periphery of the holder 15 as indicated
by arrow X in Fig.8, the holder 15 is enlarged in its outer diameter.  The holder 15
is formed to a cylindrical shape, so that, if the holder 15 is enlarged in its outer
diameter, an amount of expansion L2 on the outer periphery is larger than an amount
of expansion L1 on the inner periphery, as shown in Fig.9. Consequently, the groove
16 becomes deformed so that its open end is expanded to release the ‘holding of the

stent in the groove 16 to enable the stent 11 to be released from the holder 15. In
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case the stent 11 held by the holder 15 is of the self-expandable type, the stent is
self-expanded and released from the holder 15. In case the stent 11 is the balloon
expandable stent, the holder 15 is expanded and the stent is caused to be released from
the holder 15 to expand the stent to its dilated state.

When the stent holding member 12 is mounted on a balloon catheter 1, the
holder 15 1s expanded by the expansion of the balloon 5.

The above explanation has been made with reference to the structure and
efficacy of the stent holding member 12, methods for stent retention and release and to
the manufacturing method as well as the component material. It should be noted
that the holding power for the stent 11 may be further improved by exploiting the
properties of the material of the holder 15.  In such case, the holder 15 is formed of
a silicone resin exhibiting tackiness. The silicone resin used is the singlesolution
type silicone resin exemplified by 1215 (trade name) manufactured by Three-Bond
Inc. By using the silicone resin, exhibiting tackiness, in preparing‘theholder 15, the
stent 11 may be held more positively by the holder 15 by using both elasticity proper
to the groove portion 16 of the holder and tackiness proper to the silicone resin.

In the case of the holder 15 formed of the silicone resin exhibiting tackiness, it

is sufficient if the groove 16 is of such a depth that not more than one-half portion of
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the fiber 17 of the stent 11 is embedded therein, instead of being of such a depth that
the fiber 17 is embedded therein in its entirety. Therefore, 1f the holder 15 is formed
of the silicone resin, exhibiting tackiness, it is possible to prepare the stent holding
member 12 of a smaller diameter and a higher flexibility.

The holder 15 of the above-described stent holding member 12 1s formed of a
unitary material, that 1s, the holder 15 is formed as a single-layer cylindrical member.

Meanwhile, it is desirable for the stent holding member 12 to hold the stent 11
positively when the stént holding member 12 1s mounted on the catheter 1 and
inserted in this state through the vessel, while it is also desirable for the stent holding
membe‘r 12 to be expanded ieadily to follow the expansion of the balloon 5 in the
process of expaﬂsion thereof.

Therefore, the holder 15 forming the stent holding member 12 is made up of
first and second tubular members 21, 22, having at least different values of the
modulus of elasticity, as shown in Figs.10 and 11.  The second tubular member 22,
provided on the outer peripheral side of the holder 15 of the two-layered structure, is
formed of, for example, a silicone resin, having high elasticity and tackiness, to hbld
the stent 11 reliably in the groove 16 formed 1n its outer periphery.: The first tubular

member 21, provided on the inner periphery of the holder 15, is formed of a material
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of a modulus of elasticity which allows for uniform expansion of the material with the
expansion of the balloon 5, such as natural or synthetic rubber. That is, the first
tubular member 21 is formed of an elastic material lower in -the modulus of elasticity
than the materuial of the second tubular member 22.

Meanwhile, the groove 16, formed in the outer periphery of the second tubular
member 22, is formed by a method similar to that for the groove formed in the
aforementioned single-layer holder 15.

By using the silicone resin, exhibiting tackiness, in forming the second tubular
member 22, the stent 11 can be retainedmore‘positively by the holder 15 by taking
advantage not only of the support by the groove 16 but also of the tackiness proper to
the silicone resin. As the material for the second tubular member 22, the
single-solution type silicone resin, exemplified by 1215 (trade name) manufactured by
Three-Bond Inc. may be used.

Meanwhile, a stent holding member 32, having the twodayered holder 15,
may be manufactured by the following process steps:

First, a first tubular member 21, formed of natural or synthetic rubber, having
an inner diameter sufficient for mounting the tubular member on the outer periphery

of the balloon 5 provided on the catheter 1, is provided, as shown in Fig.12A. A
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jellied silicone resin then is applied to the entire outer peripheral surface of the first
tubular member 21, as shown in Fig.12B, and dried in situ to form a solidified second
tubular member 22. The groove 16 is formed as shown in Fig.12C by providing a
die for molding, corresponding to the stent 11 to be held by the second tubular
member 22, and by pressing this die agaist the outer periphery of the second tubular
member 22, during drying thereof, as shown in Fig.12C. The stent 11 is embedded in
the groove 16 to complete the stent holding member 32 comprised of the second
tubular member 22 holding the stent 11.

It should be noted that the stent 11 itself may also be used as a die, without
employing a die dedicated to groove forming.

The operational sequence of mounting the stent holding member 12 of the
present invention to the catheter 1 of the stent delivery device and of implanting the
stent 11 retained by the stent holding member 12 in the céronary vessel of the human
body is now explained.

In the following explanation, it is assumed that the steﬁt holding member 12 is
such a one in which the holder 15 shown in Figs.5 and 6 is of a single-layer structure.

For implanting the stent 11 at a desired site in the coronary vessel, the catheter

1 carrying the stent holding member 12 holding the stent 11 is introduced into the
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coronary artery from the femoral artery or brachial artery of the patient. The catheter
1 at this time is inserted to a target site inthe coronary vessel along a guide wire 2
which has already been introduced to the desired target site in the coronary vessel in
advance of the catheter 1.

When it is confirmed that the catheter 1 has been introduced into the artery
such that the stent holding member 12 has been inserted into the target site in the
coronary vessel, the insertion of the catheter 1 is halted. Then, a fluid, such as an
X-ray impermeable contrast medium, is injected into the fluid passage 4 via a valving
mechanism 7 adapted for supplying the fluid. The fluid injected into the fluid
passage 4 flows into the inside of the balloon 5 via the through-hole 8 to expand the
balloon 5, as shown in Figs.13 and 14. 'When the balloon 5 is expanded, the holder
15 1s expanded in outer diameter, as described above, so that the stent 11 is
disengaged from the groove 16 to permit the stent 11 to be released from the holder 15.
In case the stent 11 retained by the holder 15 is of the self-expandable type, the stent
is dilated as it is self-expanded and released from the holder 15. In case the stent 11
is of the balloon expandable type, it is expanded to its dilated state as the holder 15 is
expanded and as the steﬁt 1s caused to be feleased from the holder 15.

If, after the stent 11 1s released from the holder 15 and expanded, as described
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above, the fluid introduced into the balloon 5 is sucked via the fluid passage 4 to

contract the balloon 5, the holder 15 is elastically deformed and contracted. Since

the holder 15 is contracted, the stent 11, now dilated, is fully released from the holder
15, and is left by itself at a desired site in the coronary vessel. The stent 11 is finally
implanted in the blood vessel by taking the catheter 1 out of the blood vessel
following contfaction of the balloon 5.

Meanwhile, in the case of the stent delivery device in which the stent holding
member 2 shown in Figs.10 and 11 is mounted to the catheter 1, the stent 11 can be
implanted to and left at a desired site in the vessel, such as coronary vessel, by a
similar process of operations.

The stent 11 retained by the stent holding member 12 of the present invention
is not limited to the fiber 17 of biodegradable polymers or to a filament of a metal
material which is wound spirally as it is bent in a zigzag pattern to form a sequence of
concatenated continuous V-shaped segments. Thus, it may be formed by fibers 17 of a
biodegradable polymer formed into a tubular shape, in particular a cylindrical shape,
in a non-woven non-knitted state, as shown in Fig.15. As another example of the
stent 11, such a stent may be used which is obtained on applying diamond-meshed

slicing to a sheet of a biodegradable polymer to form a sequence of consecutive




CA 02398774 2002-06-26

26

supporting struts which may be expanded in a pantagraph fashion.  Additionally,
such a stent may also be used which is obtained on applying diamond-meshed slicing
to a metal tube of stainless steel to form a sequence of consecutive supporting struts

which may be expanded 1n a pantagraph fashion.

Industrial Applicability

According to the present invention, as described above, a stent is held
embedded in a groove provided in a holder of a stent holding member, so that the stent
may be implanted positively to a desired site in the vessel as inadvertent detachnent
of the stent 1s prevented form occurring. Moreover, there is no risk of the stent
contacting and thereby injuring the inner wall of the vessel.

The stent holding member holds the stent without using a protective sheath
into which the stent 1s inserted and retained, so that the stent holding member is able
to pass through the vessel of a small diameter to get to a desired site of implantation.

Moreover, the holder used to retain the etent 1S formed of an el‘astic matenal
which is flexible and deformable elastically, and hence the holder may be introduced

smoothly through a tortuous vessel to reach the desired site of implantation.
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CLAIMS:

1. A stent holding member used in a stent delivery system adapted to introduce a stent of a
cylindrical configuration to a desired site of implantation in a vessel of a living body, the stent
holding member comprising:

a tubular holder formed of an elastic material and mountable to cover a balloon of the

stent delivery system;

said tubular holder having a groove in its outer peripheral portion for holding one or more
supporting struts of said stent,

the groove arranged for at least partially embedding each strut and holding the stent,

the groove having an opening end side adapted to expand by expansion of the tubular

holder along a radial direction to release the stent from the groove and from the tubular holder.

2. The stent holding member according to claim 1, wherein said stent is holdable on an outer

peripheral portion of the tubular holder by embedding said strut in said groove.

3. The stent holding member according to claim 1, wherein said tubular holder is formed of one

or more resins selected from the group consisting of elastic synthetic resins, natural resins, and

silicone resins.

4. The stent holding member according to claim 3, wherein said tubular holder is formed of

silicone resins exhibiting tackiness.

5. The stent holding member according to claim 1, wherein said tubular holder is formed by

layering two or more tubular members having different values of modulus of elasticity:.

6. The stent holding member according to claim 5, wherein the outer tubular member of said

tubular holder i1s formed of a silicone resin.

7. The stent holding member according to claim 1, wherein said stent is a self expandable stent

contracted under an external pressure and dilated on releasing said external pressure.
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8. The stent holding member according to claim 1, wherein the strut is formed from a fiber of a

biodegradable polymer and wherein said fiber is formed as a tubular member.

9. The stent holding member according to claim 1 wherein an anti-thrombotic agent is deposited

on the surface of said tubular holder.

10. A stent delivery system adapted to introduce a stent of a cylindrical configuration to a
desired site of implantation in a vessel of a living body, comprising:

a catheter adapted to be inserted into a vessel of a living body;

a balloon provided to the distal end of said catheter and expamded by a fluid supplied

into the catheter; and

a stent holding member according to any one of claims 1 to 9 provided to said catheter

for covering said balloon.

11. The stent delivery system according to claim 10, wherein said stent is retainable by said
tubular holder, and is releasable from said tubular holder and dilatable by expansion of said

tubular holder along a radial direction by expansion of said balloon.

12. The stent delivery system according to claim 11, wherein said stent holding member is

mountable to said catheter for covering said balloon with both ends bonded to said catheter.
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