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NONEXPANDABLE STENT

RELATED APPLICATIONS

[0001] The present patent document claims the benefit of the filing date under
35 U.S.C. §119(e) of Provisional U.S. Patent Application Serial No. 60/852,034,
filed October 16, 2006, which is hereby incorporated by reference.

TECHNICAL FIELD

[0002]  The present disclosure is related generally to medical devices and more

particularly to stents.

BACKGROUND

[0003]  Biliary and pancreatic cancers often are diagnosed when the patient
presents specific symptoms characteristic of a blockage of either the patient’s bile
and/or pancreatic duct, such as jaundice. Typically, by the time symptoms appear
in the patient, a tumor in the bile or pancreatic duct is at an advanced stage and is
therefore inoperable. As a result, management of the cancer usuvally focuses on
palliation of the symptoms. As an alternative to surgical bypass procedures for
palliation, a stent or endoprosthesis may be positioned through the obstructed area
so as to maintain a pathway for fluid flow across the obstruction.

[0004]  Typically, stents used for drainage in the biliary tract are
nonexpandable tubular structures formed from biocompatible polymers. When
inserted, one end of the stent may be disposed distal of the ductal obstruction, and
the other end may protrude into the duodenum. To anchor a biliary or pancreatic
stent in place, one or both ends may have a curved “pigtail” configuration or may
include flaps.

[0005]  For delivery into the duct, the stent may be advanced over a wire guide
which has been positioned in the duct distal of the occluded site. The stent may
pass through an endoscope disposed in the duodenum and then into the duct.
Passage of the stent over the wire guide tends to temporarily straighten any curves
in the stent (e.g., pigtails) for delivery into the duct. Once the wire guide is

withdrawn, the stent may assume its curved configuration.
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[0006] The curved configuration of a biliary or pancreatic stent is typically
achieved by heat forming the stent after extrusion at elevated temperatures.
Consequently, to facilitate fabrication and forming, it is generally desirable that the
stent be made of a thermoplastic material that softens or flows when heated. Polymers
that are not thermoplastics may not be amenable to processing by extrusion and heat
forming.

[0007] On the other hand, some polymers that have desirable properties (e.g.,
biocompatibility, low durometer) are not thermoplastic. It would be desirable to be
able to use such polymers to form biliary or pancreatic stents.

[0007a] A reference herein to a patent document or other matter which is given
as prior art is not to be taken as an admission or a suggestion that the document or
matter was known or that the information it contains was part of the common general

knowledge as at the priority date of any of the claims.

BRIEF SUMMARY

[0008] A nonexpandable stent and a method of making and deploying the stent
are disclosed herein. The stents of the present disclosure may be formed from a wide
range of polymers that have desirable properties, such as, for example, Thoralon.
[0009) Viewed from one aspect, the present invention provides a
nonexpandable stent comprising a tubular body having a distal portion, a proximal
portion, and a central longitudinal portion between the distal and proximal portions.
The tubular body has a substantially nonexpandable diameter and comprises at least
one securing element integrally formed within the tubular body, the tubular body
comprising a polymer. The securing element includes a reinforcement member
comprising a nickel-titanium alloy shape memory material embedded in the polymer,
the reinforcement member extending along at least a portion of the length of the
tubular body. The securing element comprises a first configuration of the
reinforcement member for delivery to a treatment site within a body vessel in which
first configuration the reinforcement member comprises a martensitic phase of the

nickel-titanium alloy and a second configuration of the reinforcement member for

<filename>
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deployment at the treatment site in which second configuration the reinforcement
member comprises an austenitic phase of the nickel-titanium alloy.

[0010] Also described is a method of deploying a nonexpandable stent. To
carry out the method, a stent comprising a tubular body having a distal portion, a
proximal portion, a central longitudinal portion between the distal and proximal
portions, and a substantially nonexpandable diameter, is provided. The tubular body
comprises at least one securing element. The securing element includes a
reinforcement member comprising a shape memory material. The stent is delivered to
a treatment site in a body vessel. The securing element comprises a first configuration

of the reinforcement member when the stent is being delivered.

<fiename>
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The stent is then deployed at the treatment site. The securing element comprises a
second configuration of the reinforcement member when the stent is deployed.
[0011]  Also disclosed is a method of making a nonexpandable stent. To carry
out the method, at least one reinforcement member comprising a shape memory
material is provided. The reinforcement member is held adjacent to a mandrel
with a spacing therebetween along a length of the reinforcement member. A
coating solution is applied to the reinforcement member and the mandrel, and the

mandrel is removed to form the nonexpandable stent.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012]  Figure 1 is a schematic of a stent according to one embodiment in the
pancreatic duct at a stricture;

[0013]  Figure 2A is a schematic of a securing element of the stent of Figure 1
in a deployed configuration, according to one embodiment;

[0014]  Figure 2B is a cross-sectional schematic of section 2B-2B shown in
Figure 2A.

[0015}  Figure 3 is a schematic of a securing element of a stent in a deployed
configuration, according to another embodiment;

[0016]  Figure 4 is a schematic of a securing element of a stent in a deployed
configuration, according to another embodiment;

[0017] Figure SA 1s a schematic of a stent including two securing elements,
according to one embodiment;

[0018]  Figure 5B is a cross-sectional schematic of a distal portion of the
securing element of the stent shown in Figure 5A, according to one embodiment;
[0019]  Figure 6 is a cross-sectional schematic of a stent including two securing
elements, according to another embodiment;

[0020]  Figures 7A-7B are cross-sectional views of a portion of a stent
including a wire, according to one embodiment;

[0021]  Figure 8 is a cross-sectional view of a portion of a stent including a

wire, according to another embodiment;
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[0022] Figure 9 is a diagram of stress versus strain for an exemplary shape memory
material at a temperature above an austenitic final temperature of the alloy;

[0023] Figure 10 is a transformation temperature curve for an exemplary shape memory
material;

[0024] Figure 11 is a diagram of strain versus temperature for an exemplary shape memory
material;

[0025] Figures 12A-12D show a method of deploying a stent according to one
embodiment; and

[0026] Figures 13A-13E show a method of deploying a stent according to another
embodiment.

[0027] Figures 14A-14D show a method of delivering and deploying a stent according to

one embodiment.

DETAILED DESCRIPTION
Definitions
[0028) As used in the following specification and the appended claims, the

following terms will have the meanings ascribed below:

[00028a] Where the terms “comprise”, “comprises”, “comprised” or “comprising” are
used in this specification (including the claims) they are to be interpreted as specifying the
presence of the stated features, integers, steps or components, but not precluding the
presence of one or more other features, integers, steps or components, or group thereto.
[0029] Martensite start temperature (M) is the temperature at which a phase
transformation to martensite begins upon cooling for a shape memory material exhibiting a
martensitic phase transformation.

[0030] Martensite finish temperature (My) is the temperature at which the phase
transformation to martensite concludes upon cooling.

[0031] Austenite start temperature (A;) is the temperature at which a phase
transformation to austenite begins upon heating for a shape memory material exhibiting an
austenitic phase transformation.

[0032] Austenite finish temperature (Ay) is the temperature at which the phase
transformation to austenite concludes upon heating.

[0033] Figure 1 is a schematic of the nonexpendable stent S of the present

disclosure according to one embodiment. The stent 5 is shown deployed in the

<filename>
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pancreatic duct 60 crossing a treatment site or stricture 80. An endoscope 90
through which the stent S is directed en route to the stricture 80 is shown
positioned in the duodenum 75.

[0034] The stent 5 includes a tubular body 10 having a substantially
nonexpandable diameter. The tubular body 10 includes a proximal portion 15, a
distal portion 20, and a central longitudinal portion 25 between the proximal
portion 15 and the distal portion 20. The tubular body 10 includes at least one
securing element 30. The securing element 30 includes at least one reinforcement
member 35 made of a shape memory material. Preferably, the reinforcement
member 35 is a wire. Alternatively, the reinforcement member 35 may be a
tubular structure. The securing element 30 and the reinforcement member 35 are
shown according to one embodiment in Figures 2A and 2B.

[0035]  Asshown in Figure 1, the securing element 30 has a deployment
configuration of the reinforcement member 35 for deployment of the stent 5 at a
treatment site in a body vessel or passageway. In the deployment configuration,
the securing element 30 is configured to inhibit movement of the stent 5 with
respect to the body vessel. The securing element 30 may anchor the stent 5 in
position in the biliary or pancreatic duct, for example. Preferably, the securing
element 30 extends in a direction away from the central longitudinal portion 25 of
the tubular body 10 in the deployment configuration. According to one
embodiment, the shape memory material of the reinforcement member 35 is a
nickel-titanium alloy, and the reinforcement member 35 comprises an austenitic
phase of the nickel-titanium alloy in the deployment configuration, as will be
further discussed below.

[0036]  For delivery of the stent 5 into a body passageway, the securing element
30 has a delivery configuration of the reinforcement member 35, as shown in
Figures 12A and 13A, for example. In the delivery configuration, the securing
element 30 is configured to facilitate movement of the stent 5 through the body
vessel. Preferably, the securing element 30 extends in a longitudinal direction of
the tubular body 10 in the delivery configuration. According to one embodiment,

the shape memory material of the reinforcement member 35 is a nickel-titanium
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alloy, and the reinforcement member 35 comprises a martensitic phase of the
nickel-titanium alloy in the delivery configuration, as will be further discussed
below.
[0037]  The securing element 30 is disposed in at least one of the distal portion
20, the proximal portion 15, and the central longitudinal portion 25 of the tubular
body 10. Preferably, the securing element 30 is disposed in at least one of the
distal portion 20 and the proximal portion 15 of the tubular body 10.
[0038]  The securing element 30 may include a curve or “pigtail” 32 when the
reinforcement member 35 is in the deployment configuration, according to one
embodiment. For example, the securing element may include a curve or pigtail 32
of between about 180 degrees and about 270 degrees when deployed. A curve or
pigtail 32a of about 270 degrees is shown for example in Figure 2A. A curve or
pigtail 32b of about 180 degrees is shown for example in Figure 3. Alternatively,
the curve or pigtail 32 may be between about 270 degrees and about 360 degrecs
when deployed. A curve or pigtail 32¢ of about 360 degrees is shown for example
in Figure 4. In another example, the securing element may include a curve or
pigtail of greater than 360 degrees.
[0039]  According to another embodiment, the securing element 30 may be one
or more flaps 34, as shown in Figures SA and 5B. The configuration of the flaps
34 is determined by the orientation of the reinforcement member 35. When
deployed, the flaps 34 preferably flare away from the central longitudinal portion
25 at an included angle 0 in the range of from about 2 to about 60 degrees. More
preferably, the flaps 34 flare away from the central longitudinal portion 25 at an
included angle 8 in the range of from about 5 to about 45 degrees when deployed.
The flaps 34 are typically from about 0.5 mm to about 5 mm in length.
[0040]  According to another embodiment, the securing element 30 may be a
bend 40 in the central longitudinal portion 25 when the reinforcement member 35
has the deployment configuration, as shown for example in Figure 5. The bend 40
may have an included angle Q2 in the range of from about 95° to about 175°.

- Preferably, the bend 40 has an included angle Q in the range of from about 105° to
about 165°.
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[0041]  Alternatively, the securing element 30 may include a combination of
elements, such as flaps 34 and pigtails 32. For example, referring to Figure 6, the
securing element 30 at one of the distal portion 20 and the proximal portion 15
may be a pigtail 32, and the securing element at the other portion may be one or
more flaps 34. Other securing elements 30 may also be used for the stent 5 of the
present disclosure. The securing element 30 may have any shape suitable for
anchoring the stent 5 in position at the desired site within the duct, such as a hook-
like or a corkscrew-like configuration, for example. The tubular body 10 of the
stent 5 may include two, three, four, five, six or more securing elements 30.

[0042]  Preferably, the reinforcement member 35 extends along at least a
portion of a length of the securing element 30. According to one embodiment, the
reinforcement member 35 may extend along the entire length of the securing
element 30, as shown for example in Figure 6. Preferably, the reinforcement
member 35 is disposed such that the configuration of the securing element 30 is
altered by a change in the configuration of the reinforcement member 35.
Consequently, when the reinforcement member 35 has a specified configuration,
the securing element 30 has the same configuration. The reinforcement member 35
may extend along at least a portion of a length of the tubular body 10. For
example, the reinforcement member 35 may extend from the distal portion 20 to
the proximal portion 15 of the tubular body 10. Alternatively, the reinforcement
member 35 may extend along the length of the securing element 30 to one of the
distal portion 20 and the proximal portion 15 of the tubular body 10. According to
an alternative embodiment, the reinforcement member 35 may extend only along
the length of the securing element 30. |

[0043]  The stent 5 may include one or more reinforcement members 35. For
example, the stent 5 may include two, three, four, or five reinforcement members
35, as indicated in Figures 7A and 7B. When viewed in cross-section, the
reinforcement members 35 may be positioned symmetrically about the
circumference of the tubular body 10. Alternatively, the reinforcement members
35 may be nonsymmetrically arranged about the circumference of the tubular body

10. According to one embodiment, the reinforcement member(s) 35 may extend



WO 2008/115271 PCT/US2007/081460

in a longitudinal direction of the tubular body 10 when the stent 5 is undeployed.
The reinforcement member 35 may also extend in a circumferential direction of
the tubular body 10. For example, the reinforcement member 35 may be disposed
in a helical configuration, as shown in Figure 8. In another example, the
reinforcement member(s) 35 may have a braided configuration.

[0044] Preferably, the reinforcement member 35 is a wire. For example, the
reinforcement member 35 may be a round wire with a circular cross-section.
Alternatively, the reinforcement member 35 may be a flat wire with a rectangular
cross-section. Other curved or polygonal cross-sections are also possible. The
reinforcement member 35 may alternatively be a tubular structure. The diameter
or width of the reinforcement member 35 (in the case of a tubular structure, the
outer diameter specifically) is preferably less than the wall thickness of the tubular
body 10. According to one embodiment, the diameter or width of the
reinforcement member 35 is approximately half the wall thickness of the tubular
body 10. For example, the diameter or width of the reinforcement member 35
may be in the range of from about 0.1 to about 0.5 mm, although other values are
possible. The stent S may be, for example, a 10 French stent with an outer
diameter of about 3.4 mm, an inner diameter of about 2.5 mm, and a wall
thickness of about (3.4 mm - 2.5 mm)/2 ~ 0.45 mm. In this example, it may be
advantageous for the reinforcement member 35 to have a diameter of about 0.23
mm. Alternatively, the stent 5 may be a 3 French stent with an outer diameter of
about 1 mm, an inner diameter of about 0.056 mm, and a wall thickness of about
(1 mm - 0.056 mm)/2 ~ 0.47 mm. In this case, the reinforcement member 35 may
advantageously have a diameter of about 0.24 mm.

[0045]  The stent 5 may comprise a polymer. The tubular body 10 of the stent
5 may be made of one or more polymers. The polymer may be a thermoplastic or
thermosetting polymer. According to one embodiment, the polymer is a
biocompatible polyurethane, such as Thoralon. Thoralon is available from
Thoratec Corp. (Pleasanton, CA) and is described in U.S. Pat. Nos. 4,675,361 and
6,939,377, both of which are incorporated herein by reference. Thoralon is a
polyurethane base polymer blended (referred to as BPS-215) with a siloxane
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containing surface modifying additive (referred to as SMA-300). The
concentration of the surface modifying additive may be in the range of 0.5% to 5%
by weight of the base polymer. The SMA-300 component is a polyurethane
comprising polydimethylsiloxane as a soft segment and the reaction product of
diphenylmethane diisocyanate (MDI) and 1,4-butanediol as a hard segment. A
variety of other biocompatible polyurethanes may also be used as the polymer.
These include polyurethane ureas that preferably include a soft segment and
include a hard segment formed from a diisocyanate and diamine. For example,
polyurethane ureas with soft segments such as polytetramethylene oxide,
polyethylene oxide, polypropylene oxide, polycarbonate, polyolefin, polysiloxane
(i.e. polydimethylsiloxane), and other polyether soft segments made from higher
homologous series of diols may be used. Mixtures of any of the soft segments
may also be used.

[0046]  Preferably, the reinforcement member 35 1s embedded in the polymer.
The tubular body 10 of the stent 5 may include drainage holes 45 along its length
to facilitate the flow of body fluids into the lumen of the stent 5 for drainage out of
the duct. Exemplary drainage holes 45 are shown in Figures 2A, 3 and 4.

[0047]  Typically, the stent, a wire guide, and a pushing catheter are elements
of a stent introduction system for delivering the stent within a body vessel or duct.
A guiding catheter may also be used. The stent may have an outer diameter in the
range of from about 3 French to about 12 French, and an inner diameter sized to
receive a wire guide and, in some embodiments, the guiding catheter. Generally,
guiding catheters may be used with larger diameter stents. The guiding catheter
may have an outer diameter or French size that can be accommodated within the
inner diameter of the stent. The stent may include a distal region having a reduced
inner diameter that serves as a distal stop when the guiding catheter is inserted into
the stent. The guiding catheter may have an outer diameter that is similar to the
outer diameter of the pushing catheter. If a guiding catheter is not used, the outer
diameter of the stent may be similar to the outer diameter of the pushing catheter.

The wire guide may be about 0.035 inch in diameter, or another suitable size.
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[0048])  The stent may have a length suitable for placement and securing in the
duct of interest. According to one embodiment, the length of the stent, as
measured between the securing elements or between one end and a securing
clement, may be longer than the distance from the duodenum to the treatment site
or stricture within the duct. Typically, the length of the stent is about 1 cm longer
than the distance from the duodenum to the proximal margin of the stricture. For
example, if the stricture lies within the pancreatic duct about 6.0 cm away from the
duodenum, a stent of about 6.5 cm or 7.0 cm in length may be appropriate.
According to another embodiment, the length may be longer than the distance
from the duodenum to the terminus or tail of the duct. For example, in the case of
a pancreatic duct measuring about 16.0 cm in length, a stent of about 16.5 cm or
17.0 cm 1n length may be appropriate.

[0049]  The shape memory material of the reinforcement member 35 may
undergo a reversible phase transformation that allows a previous shape to be
“remembered” and recovered from another shape. A securing element 30
including the reinforcement member 35 can change from one configuration (e.g.,
delivery configuration) to another (e.g., deployment configuration) when the shape
memory material of the reinforcement member 35 undergoes the phase
transformation. For example, the shape memory material may undergo a
transformation between a lower temperature martensitic phase and a high
temperature austenitic phase. According to one embodiment, the shape memory
material is a nickel-titanium alloy.

[0050]  According to a preferred embodiment, the delivery configuration of the
reinforcement member 35 comprises the martensitic phase of the shape memory
material. The deployment configuration of the reinforcement member 35
comprises the austenitic phase of the shape memory material. Austenite is
characteristically the stronger phase, and martensite may be deformed up to a
recoverable strain of about 8%. Strain introduced in the reinforcement member 35
in the martensitic phase to achieve the delivery configuration of the securing
element 30 may be recovered upon completion of a reverse phase transformation

to austenite, allowing the reinforcéement member 35, and thus the securing element
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30, to return to a previously-defined shape (the deployment configuration). The
forward and reverse phase transformations may be driven by the application and
removal of stress (superelastic effect) and/or by a change in temperature (shape
memory effect). According to an alternative embodiment, the delivery
configuration of the reinforcement member 35 may comprise the austenitic phase
of the shape memoi’y material, and the deployment configuration of the
reinforcement member 35 may comprise the martensitic phase.

[0051]  The stress-strain diagram in Figure 9 illustrates the superelastic effect
for an exemplary nickel-titanium alloy at a temperature above the austenitic final
temperature (Ay) of the alloy. Upon application of a stress 6,, an alloy in a first
configuration begins to transform from austenite to martensite. The martensitic
phase of the alloy can accommodate several percent strain at a nearly constant
stress. At a stress of 6y, which corresponds to 8% strain in this example, the
martensitic transformation is complete and the alloy has been deformed to a
second configuration. Upon release of the stress, the martensite begins to
transform back to austenite and the alloy recovers the strain at a lower plateau
stress of o,. The nickel-titanium alloy thus returns to the first configuration.
[0052]  Figure 10 shows a typical transformation temperature curve for an
exemplary nickel-titanium shape memory alloy, where the y-axis represents the
amount of martensite in the alloy and the x-axis represents temperature. At or
above a temperature of Ay, the nickel-titanium alloy has a fully austenitic
structure. Following the arrows, the alloy may be cooled to a temperature of Mj,
at which point the transformation to the martensitic phase begins. Further cooling
leads to an increase in the percentage of martensite in the material, ultimately
leading to a fully martensitic structure at a temperature of My, as shown in Figure
10.

[0053] Now referring also to Figure 11, which shows strain versus temperature
for an exemplary nickel-titanium shape memory alloy, the fully martensitic
structure attained at a temperature of M; may be strained from a first configuration
to a second configuration (as shown by the stress symbol ¢). The alloy may

accommodate several percent recoverable strain (8% in this example). To reverse



WO 2008/115271 PCT/US2007/081460

12

the phase transformation and recover the strain, the temperature of the alloy must
be increased. Again following the arrows, the nickel-titanium alloy may be
warmed to a temperature of A, at which point the alloy begins to transform to the
austenitic phase. Upon further heating, the transformation to austenite progresses
and the alloy gradually recovers the first configuration. Ultimately, at a
temperature of A¢ or higher, the material has completed the return transformation
to the austenitic phase (0% martensite) and has fully recovered the 8% strain.
[0054] Generally, the shape memory memory effect is one-way, which means
that the spontaneous change from one configuration to another occurs only upon
heating. As illustrated in Figure 11, to obtain a second configuration at a
temperature below a transition temperature, it is generally necessary to apply
stress. However, it is possible to obtain a two-way shape memory effect, in which
a shape memory material spontaneously changes shape upon cooling as well as
upon heating. According to one aspect, the shape memory material of the
reinforcement member 35 may exhibit two-way shape memory behavior. For -
example, the delivery configuration of the securing element 30 may be attained by
cooling to a temperature at or below M; without application of an external stress.
[0055]  Referring to Figures 12A to 12D, the superelastic effect may be used to
deploy the stent 5. In other words, the shape memory material may transform
from the martensitic phase to the austenitic phase for deployment of the stent 5 in
response to removal of an applied stress. According to this aspect, the stent 5 may
be maintained in the delivery configuration by a constraining member 50, such as
a stiff wire guide 55 underlying the stent 5, as shown in the figures, or a sheath
overlying the stent. An underlying wire guide 55 may be sufficient if the securing
element(s) 30 are pigtails 32 or similar structures that are integral with the tubular
body 10, whereas an overlying sheath may be required if the securing element(s)
are flaps 34. The shape memory material preferably may comprise the martensitic
phase when constrained by the constraining member 50. The reinforcement
member 35 and consequently the securing element 30 of the stent 5 may change
from the delivery configuration to the deployment configuration (e.g., pigtails) at

the treatment site when the constraining member 50 is removed or retracted and
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the martensite transforms to austenite, as illustrated in Figures 12A to 12D. Itis
preferable that the shape memory material of the reinforcement member 35 have
an austenitic final temperature (A¢) which is less than or equal to body temperature
(37°C) so that removal of the constraining member 50 (wire guide 55) is sufficient
to trigger the transformation to the austenitic phase when the stent 5 is positioned
at the treatment site. For example, the shape memory material may have a value
of A¢in the range of from about 27°C to 37°C. Alternatively, A; may range from
about 32°C to 37°C. It is also possible for A¢to be less than 27°C. In addition, if
A, is above ambient temperature (e.g., about 20°C), the shape memory material of
the stent 5 may be martensitic at room temperature.

[0056]  Referring to Figures 13A to 13E, the shape memory effect may be
utilized to deploy the stent 5. According to this aspect, a constraining member 50
may not be used. A shape memory material having a value of Ay which is greater
than body temperature (37°C) but below a temperature that may be damaging to
tissue may be chosen for the reinforcement member 35. For example, the shape
memory material may have a value of Ay in the range of from about 38°C to about
58°C. Or, Afmay range from about 38°C to about 50°C. Accordingly, the stent 5
has a martensitic structure as it is advanced through the body. When the stent 5 is
in place at the treatment site, the stent 5 (reinforcement member 35) may be
warmed up to a temperature of A¢ or higher. Consequently, the martensite may
transform to austenite and the securing element(s) 30 may reach the deployment
configuration to anchor the stent 5 into the duct. The warming may entail, for
example, removing the wire guide 55 and flushing a warm biocompatible fluid
(e.g., warm saline) through the lumen of the stent, as illustrated in Figures 13A to
13E. Alternatively, the wire guide 55 or optional guiding catheter may include a
lumen to accommodate the flow of fluid. According to this aspect, the wire guide
55 may be used as a guide for positioning the stent 5 but is not needed as a
constraining member 50 to maintain the delivery configuration. Once the
deployment configuration has been obtained, the heating may be halted and the
stent 5 may remain in the duct in the deployment configuration. To maintain the

austenitic structure of the shape memory alloy while the stent 5 is in place within
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the duct, the shape memory alloy may be chosen such that My, and preferably M,,
are below body temperature. Because austenite 1s stronger and less easily
deformed than martensite, it may be preferable to retain the austenitic phase of the
shape memory alloy when the stent 5 is deployed in the second configuration. If
M, and M are not below body temperature, it may be necessary to continuously
heat the stent 5 during deployment to prevent an unwanted phase transformation to
martensite.

[0057]  According to an alternative aspect, the shape memory material of the
reinforcement member 35 may have a value of Ag which is less than or equal to
body temperature (37°C) so that the reinforcement member 35 may transform to
an austenitic structure and assume the deployment configuration (e.g., pigtail)
when warmed up to about body temperature. For example, the shape memory
material may have a value of A¢in the range of from about 27°C to about 37°C.
Alternatively, A; may range from about 32°C to about 37°C. It is also possible for
A¢to be less than 27°C. According to this aspect, the stent 5 (reinforcement
member 35) may require cooling during delivery to prevent the martensitic
structure from prematurely transforming to austenite. As the stent 5 is being
advanced in the body, the cooling may entail keeping the reinforcement member
35 at a temperature below A, by, for example, flushing a biocompatible cold fluid
(e.g., cold saline) through the delivery system. To accommodate the flow of fluid,
the wire guide 55 or guiding catheter may include a Jumen.

[0058]  According to yet another embodiment, the reinforcement member 35
may be formed of a resilient material having a high yield stress and a low modulus
of clasticity. A stress-strain plot for the material may include a large area under
the linear (elastic) portion of the curve. Such materials may be capable of higher
amounts of elastic deformation than typical metals and alloys. An example of a
resilient material is a high-carbon spring steel. According to this embodiment, the
resilient material may change from one configuration to another by the application
and removal of stress. For example, the stent may be held in the delivery
configuration by a constraining member (e.g., an underlying stiff guide wire or an.

overlying sheath) for delivery into the duct. As noted above, due to the elasticity
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of the resilient material, the delivery configuration may be pliable and may vary
during delivery to accommodate undulations and/or tortuosity within the vessel or
duct. The stent may revert to the deployment configuration upon removal or
retraction of the constraining member when in place at the treatment site.

[0059] A method of deploying a nonexpandable stent in a body passageway is
set forth herein. A stent having a tubular body including a distal portion, a
proximal portion, and a central longitudinal portion between the distal and
proximal portions, is provided. The tubular body includes at least one securing
‘element. The securing element includes a reinforcement member comprising a
shape memory material. The stent is delivered into the vessel or duct of interest
for positioning at a treatment site. The securing element has a delivery
configuration of the reinforcement member for delivery of the stent to the
treatment site. Preferably, the delivery configuration of the reinforcement member
is pliable to accommodate undulations and/or tortuosity within the vessel or duct.
According to a preferred embodiment, the reinforcement member may include a
martensitic phase of the shape memory material in the delivery configuration.
[0060]  An introduction system that includes an endoscope, a wire guide, an
optional guiding catheter, and a pushing catheter may be used to deliver the stent
to the treatment site. According to some aspects of the method, a constraining
member (e.g., a sheath or wire guide) may be needed to maintain the delivery
configuration of the reinforcement member as the stent is passed through the body.
[0061]  Referring to Figure 14A, the wire guide 55 may be advanced through
the endoscope 90 positioned in the duodenum 75 and directed into the duct 60 of
interest. A distal end of the wire guide 55 may be placed distal of the treatment
site (e.g., stricture) 80. The stent 5 may then be advanced over the wire guide 55
through the endoscope 90 for placement in the duct 60 in the vicinity of the
treatment site 80, as shown in Figure 14B. The procedure may be performed
under fluoroscopic guidance using radiopaque markers attached to the stent 5
and/or guiding catheter.

[0062]  Figure 14C shows the stent 5 in position for deployment in the duct 60.
The wire guide 55 and the optional guiding catheter (not visible in figures) may be
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removed to deploy the stent. To deploy the stent 5, the one or more reinforcement
members 35 and consequently the one or more securing elements 30 attain a
deployment configuration, as shown in Figure 14D. According to one aspect of
the method, deployment comprises a phase change of the shape memory material
of the reinforcement member 35 from martensite to austenite. The stent 5 may be
deployed superelastically by removal of a constraining member 30, according to
one aspect. For example, a sheath overlying the stent S or a stiff wire guide 55
underlying the stent 5 may be retracted to trigger deployment of the one or more
securing elements 30. According to another embodiment, the stent 5 may be
deployed by a change in temperature of the shape memory material of the
reinforcement member 35. The stent 5 may be warmed such that the shape
memory material of the reinforcement member 35 reaches or exceeds a
temperature of A or, preferably, A;. According to an embodiment in which A; or
Ay is less than or equal to body temperature, the reinforcement member 35 may be
warmed to the deployment configuration by the temperature of the body vessel or
duct. Alternatively, according to an embodiment in which A or A;is above body
temperature, the warming of the reinforcement member 35 may occur by
circulating a warming fluid through the delivery system of the stent 5. Once the
stent 5 is deployed, the securing element 30 has a deployment configuration that
includes, for example, a flap 34 or a pigtail 32.

[0063]  Preferably, the shape memory material is an equiatomic or near-
equiatomic binary nickel-titanium alloy (e.g., Nitinol). Such nickel-titanium
compositions are known in the art and may be obtained from a number of
commercial sources, including Special Metals Corp. (New Hartford, NY), Memry
Corp. (Bethel, CT), and Johnson Matthey, Inc. (West Chester, PA). The shape
mémory material may further include additional alloying elements, such as ternary
or quaternary additions. Such additional alloying elements may be selected from
the group consisting of aluminum, boron, chromium, cobalt, copper, gold,
hafnium, iron, manganese, niobium, palladium, platinum, tantalum, tungsten,

vanadium, and zirconium.
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[0064] A method of making the nonexpandable stent according to the present
disclosure is also set forth herein. At least one reinforcement member (e.g., a
wire) comprising a shape memory material may be provided. Preferably, the
shape memory/superelastic properties are imparted to the reinforcement member
prior to the formation of the stent. For example, a heat treatment may be
employed to impart a “memory” of a desired final shape and to optimize the shape
memory/superelastic properties of the reinforcement member. As is known by
those of ordinary skill in the art, the number, duration and the temperature of the
heat treatments may alter the transformation temperatures of the shape memory
material. Heat treatment temperatures of 350°C to 550°C are typically employed.
[0065]  The reinforcement member may then be held adjacent to a mandrel with
a desired spacing therebetween along a length of the reinforcement member, A
fixture may be employed to hold the reinforcement member adjacent to the
mandrel at the desired spacing and in a desired configuration. It may be
advantageous to cool the reinforcement member to below M; of the shape memory
material prior to positioning the member adjacent to the mandrel, so as to improve
the ease of deforming and restraining the reinforcement member. The spacing
between the mandrel and the reinforcement member may be variable or constant
along the length. The spacing may lie in the range of from about 0.01 mm to
about 2 mm, for example, depending on the desired wall thickness of the stent and
the preferred placement of the reinforcement member within the wall of the stent.
Preferably, the reinforcement member is positioned equidistant between the outer
and inner walls of the formed stent. According to one embodiment, the spacing
between the mandrel and the reinforcement member lies in the range of from
about 0.05 mm to about 1 mm.

[0066] A coating solution may then be applied to the reinforcement member
and the mandrel to form the nonexpandable stent. According to one embodiment,
the coating solution may be applied by dipping. Alternatively, the coating solution
may be applied by spraying, spinning, or other coating methods known in the art.

The coating solution may be applied at ambient temperature.
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[0067]  After application to the reinforcement member and the mandrel, the
coating solution may be cured to form a polymer layer thereon. The curing may
be carried out by any curing method known in the art. For example, heating,
radiation (e.g., ultraviolet, electron beam) or chemicals may be used to carry out
the curing. Preferably, the applying of the coating solution and the curing steps
are repeated sequentially to form successive polymer layers on the reinforcement
member and the mandrel. For example, ten to 20 successive dipping and curing
steps may be used. In this way, the nonexpandable stent may be formed having a
desired wall thickness. Once the desired wall thickness is obtained, the mandrel
may be removed, thereby forming a lumen of the stent. The reinforcement
member may be cut to a desired length.

[0068]  Upon cutting the stent to length, the ends of the reinforcement member
are preferably embedded within the stent or flush with the ends of the stent. If
desired, a UV curable adhesive may be applied to one or both ends of the stent to
form a polymeric layer over exposed portions of the reinforcement member,
thereby reducing the possibility of trauma between the reinforcement member and
the vessel or duct wall during delivery of the stent. It is also possible to overmold
the cut stent with another polymer as a means of covering exposed portions of the
reinforcement member.

[0069] A nonexpandable stent and a method of making and deploying the stent
have been disclosed. The stent has at least one securing element that comprises a
reinforcement member formed of a shape memory material. The stent deploys in
the vicinity of a stricture in a body passageway, such as the pancreatic duct, by a
change in configuration of the securing element from a delivery configuration to a
deployment configuration. A phase change of the shape memory material
resulting from a change in stress and/or temperature drives deployment of the
stent, according to one aspect. The nonexpandable stent of the present disclosure
may be formed in an inexpensive, ambient temperature coating process. In
contrast, conventional pancreatic or biliary stents are generally manufactured by
extrusion at elevated temperatures followed by heat forming to set the deployment

configuration. Accordingly, conventional pancreatic or biliary stents are generally
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limited to thermoplastic polymers. In contrast, the stent of the present disclosure
may be formed from a wide range of polymers that have desirable properties, such
as, for example, Thoralon.

[0070] It is therefore intended that the foregoing detailed description be
regarded as illustrative rather than limiting, and that it be understood that it is the
following claims, including all equivalents, that are intended to define the spirit

and scope of this invention.
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

l. A nonexpandable stent comprising:

a tubular body having a distal portion, a proximal portion, a central longitudinal
portion between the distal and proximal portions, and a substantially nonexpandable
diameter,

wherein the tubular body comprises at least one securing element integrally formed
within the tubular body, the tubular body comprising a polymer, the securing element
including a reinforcement member comprising a nickel-titanium alloy shape memory
material embedded in the polymer, the reinforcement member extending along at least a
portion of the length of the tubular body;

wherein the securing element comprises a first configuration of the reinforcement
member for delivery to a treatment site within a body vessel in which first configuration
the reinforcement member comprises a martensitic phase of the nickel-titanium alloy and a
second configuration of the reinforcement member for deployment at the treatment site in
which second configuration the reinforcement member comprises an austenitic phase of

the nickel-titanium alloy.

2. The stent according to claim 1, wherein the securing element is configured to
facilitate movement of the stent through the body vessel when the reinforcement member

is in the first configuration.

3. The stent according to claim 1, wherein the securing element is configured to
inhibit movement of the stent with respect to the body vessel when the reinforcement

member is in the second configuration.

4. The stent according to any one of the preceding claims, wherein the securing
element is disposed in at least one of the distal portion and the proximal portion of the

tubular body.

5. The stent according to any one of the preceding claims, wherein the securing
element extends in a direction of the central longitudinal portion when the reinforcement

member is in the first configuration.

<flename>
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6. The stent according to any one of the preceding claims, wherein the securing
element extends in a direction away from the central longitudinal portion when the

reinforcement member is in the second configuration.

7. The stent according to any one of the preceding claims, wherein the securing

element comprises a curve when the reinforcement member is in the second configuration.

8. The stent according to any one of claims 1 to 6, wherein the securing element is a
flap.
9. The stent according to any one of claims 1 to 7, wherein the securing element is a

bend in the central longitudinal portion when the reinforcement member is in the second

configuration.

10.  The stent according to any one of the preceding claims comprising two or more

reinforcement members.

11.  The stent according to any one of the preceding claims, wherein the reinforcement

member is embedded in the polymer.

12.  The stent according to according to any one of the preceding claims, wherein the

polymer is Thoralon.

13. A method of using the stent according to any one of the preceding claims, the
method comprising the steps of:

delivering the stent to a treatment site in a body vessel, wherein the securing
element comprises the first configuration of the reinforcement member when the stent is
being delivered; and

deploying the stent at the treatment site, wherein the securing element comprises

the second configuration of the reinforcement member when the stent is deployed.

<filename>
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14.  The method according to claim 13, wherein deploying the stent comprises

removing a constraining member overlying or underlying the stent.

15.  The method according to claim 13 or claim 14, wherein deploying the stent
comprises warming the stent to a temperature above an austenite finish temperature of the

shape memory material.

16. A method of making a nonexpandable stent according to any one of claims 1 to 12,
the method comprising the steps of;

providing at least one reinforcement member comprising a shape memory material,
the reinforcement member held adjacent to a mandrel with a spacing therebetween along a
length of the reinforcement member;

applying a coating solution to the reinforcement member and the mandrel;

removing the mandrel, thereby forming the nonexpandable stent.

17.  The method of claim 16, further comprising curing the coating solution, thereby

obtaining a polymer layer on the reinforcement member and the mandrel.

18.  The method of claim 17, wherein the applying and curing are repeated sequentially
to form successive polymer layers on the reinforcement member and the mandrel before

removing the mandrel.

19. A nonexpendable stent substantially as hereinbefore described with reference to

any one of the embodiments illustrated in the accompanying drawings.

20. A method of using a stent according to any one of claims 1 to 12 and 19, the
method substantially as hereinbefore described with reference to any one of the

embodiments illustrated in the accompanying drawings.
21. A method of making a stent according to any one of claims 1 to 12 and 19, the

method substantially as hereinbefore described with reference to any one of the

embodiments illustrated in the accompanying drawings.

<filename>
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