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(57) Abstract: A biliary stent (10) is constructed of thermoplastic material with ridges (16) and valleys (18) formed along the outer
surface of the stent that provide a helical, thread-like configuration. The ridges (16) and valleys (18) can be formed in a variety of
configurations, depths and pitches to accommodate different delivery devices and different anatomical features of the biliary tree.
The ridges (16) and valleys (18) provide additional mechanical engagement with the luminal walls of the biliary tract to prevent
unwanted displacement of the implanted stent (10) from a selected implant site. The stent (10) is configured to optionally have
an elongate distal end (14) to facilitate the transmission of biliary fluids through the stent (10). Optional radiopaque markers (32)
are provided on one or both ends (12, 14) of the stent (10) to allow for fluoroscopic visualization of the stent (10) orientation and

placement within the biliary tract.
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STENTS AND STENTING METHODS

Field of the Invention

This invention relates to stents and, in particular, to stents adapted for use in
the biliary tract.

Biliary stents, for many years, have been made in the form of a polymer tube
that can be advanced on a delivery catheter through an endoscope and into the bile
duct where it is deployed. The tubular stent is selected to be sufficiently strong to
resist collapse to maintain an open lumen through which digestive liquids can flow
into the digestive tract. Among the desirable features of such a stent is that it be
longitudinally flexible to be advanced along a path that may include sharp bends.
The stent also should maintain its intended position within the bile duct without
migrating from that position. |

Background of the Invention

Polymeric tubular stents typically have been placed with a catheter-like device
that includes telescoping inner and outer tubes, with the stent being mounted on the
* distal end of the inner tube and the distal end of the outer tube being in engagement
with the proximal end of the stent. After the stent has been advanced and
manipulated into the intended deployment site in the duct, the outer tube is
maintained in its position while the inner tube is retracted, thereby leaving the stent
within the biliary tract. Generally, such stents are provided with a retention member
at each of the ends of the stent. Among the more common retention devices is the
provision of one or more (four to eight are common) retention tabs formed by making
an oblique slit along the length of the tube. Each slit defines a tab and enables the
tab to project slightly radially outwardly of the outer surface of the tube to engage the
luminal surface of the biliary duct to prevent migration. The tabs at the opposite
ends of the stent extend toward the middle of the stent as well as radially outward.



WO 01/89419 PCT/US01/16132
-2-

The openings defined by the tab-forming skives may provide access to the interior of
the stent of cellular or other material that may tend to develiop into an obstruction
tending to restrict flow through the stent. Also among the difficulties with prior
polymeric stents is that in some cases the physician may not be able to push the
stent through a constriction in the duct. It is among the general objects of the
invention to provide a polymeric stent that displays a combination of significant
longitudinal flexibility to facilitate its placement and, significant hoop strength to resist
collapse of the stent. It is also among the objects of the invention to provide a new
approach to securing the position of the stent within the duct as well as providing
improved means by which the stent can be advanced through a tight restriction.

Summary of the Invention

The stent is formed from a tube of relatively stiff thermoplastic polymer to
include ridges and valleys along its outer surface. The ridges and valleys may be
helical and may form a thread-like configuration. The ridges and valleys are formed
by thermoplastic deformation of the outer surface of the tube. The dimensions of
the ridges and valleys can be varied to provide stents with different characteristics.
The proximal and distal ends of the stent are preferably not provided with valleys or
ridges. The distal end may be tapered to facilitate its entry into the biliary tract.
Additionally, the distal end of the stent, which will serve as an inlet for biliary liquids,
may have an elongate shape to provide a wider mouth for entry of such liquids. The
device may be placed by pushing it to the desired location in the biliary free, as is
presently done, or in accordance with the invention, the stent can be rotated so that
the helical ridges and valleys can serve as threads to advance the stent through a
biliary stricture. The ridges engage the walls of the duct to secure the stent in place.

It is among the general objects of the invention to provide an improved stent,
particularly for use in the biliary tract. Also among the objects of the invention are to
provide a stent for use in the biliary tract in which the stent is easily fabricated from a
polymeric material and embodies a construction that enables the characteristics of

the stent to be varied easily; to provide a stent that is very flexible yet in which the
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flexibility can be controlled during manufacture without changing the general
structure of the stent and; to provide a stent that can be advanced into place by

pushing it into place or by threading it through a biliary stricture.

Description of the Accompanying Drawings

The foregoing and other objects and advantages of the invention will be
appreciated more fully from the following description thereof, with reference to the
accompanying drawings wherein:

FIG. 1 is a side view of a stent in accordance with the invention in which

portions of the stent are broken away;

FIG. 2 is an enlarged illustration of the presently preferred embodiment of the

proximal end of the stent;

FIG. 3 is an embodiment of the distal end of the stent;

FIGS. 4 and 5 are top and side views of the thermo forming tool in
engagement with the polymer tubing during formation of the stent;

FIG. 6 is an illustration, as seen along the axis of the starting tube during

formation illustrating the manner in which the forming tool may press the starting

tube against the outer surface of an undersized mandrel passing through the starting

tube; and

FIG. 7 is an illustration of the distal end of an embodiment of the invention
seen along the line 7-7 of FIG.1.

FIG. 8 is a side sectional view of a stent delivery device according to one
embodiment of the invention.

Description of the lllustrative Embodiments

FIG. 1 illustrates, in side view, an embodiment of a stent 10 having a proximal

end 12 and a distal end 14. The stent is formed from a tube of a polymer,

commercially available from Victrex under the trade designation PEEK. The polymer

is a polyetheretherketone, a linear aromatic semi-crystalline polymer. By way of
example, for use as a biliary stent, the PEEK tubing may be of the order of 4 to 15
centimeters long having an outer diameter of between about 5 to 11 French (.065
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inches to 0.143 inches). The wall thickness of the tubing may be of the order of
about 0.005 inches. The PEEK material is thermoplastic and is formed from its
extruded tubular configuration to that illustrated in FIG. 1 in which at least a portion
of the length of the tube defines circumferentially extending external ridges 16
alternating with valleys 18. Preferably the ridges are formed in a helical, thread-like
pattern.

The ridges 16 and valleys 18 are formed by applying a heated tool against the
outer surface of the starting tube while rotating the tube and advancing the tool
along the length of the rotating tube. FIGS. 4 and 5 illustrate, diagrammatically, a
simplified technique for making the stent in which a generally conically shaped
heated tip 20, as might be mounted on the end of a soldering iron, is applied to the
external surface of the tubing while the tubing is rotated. The heat and pressure of
the thermo forming tool 20 causes the thermoplastic tubing to become flowable in
the localized region of the tool, thereby forming the valleys and ridges in the outer
surface of the tube. We have found that it is possible to form the stent so that the
inner surface of the tube also includes valleys and ridges corresponding to those on
the outer surface by initially mounting the starting tube on a mandrel that has an
outer diameter smaller than the inner diameter of the PEEK tubing. By way of
example, we have found that mounting tubing 21 on a cylindrical mandrel 22 having
an outer diameter about 0.010 inches smaller than the inner diameter of the starting

~ tube (see FIG. 6), the configuration of inner and outer ridges and valleys results. It
is believed that the inner surface of the tube also forms the ridges and valleys as a
consequence of the localized cooling of the polymer immediately behind the axially
advancing thermoforming tool. The clearance between the outer diameter of the
mandrel and the inner diameter of the tubing is believed to contribute to the ability of
the tubing to cool and form in that fashion.

The configuration of the thermo forming tool and the penetration depth to
which the tool is applied to the outer surface of the PEEK tube can be varied to vary
the characteristics of the stent. Additionally, the speed the tube is rotated and/or the
speed the tool is advanced along the length of the tube can also be varied to alter

the characteristics of the stent. Deeper grooves 18 may result in a thinner wall
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having greater flexibility. Similarly, the pitch of the ridges 16 can be varied to vary
the characteristics of the stent. As will be understood, increasing the number of
threads per unit length of tube will increase the ability to finely adjust the placement
of the stent via rotation while decreasing the number of threads per unit length of
tube will decrease the ability to finely adjust the placement of the stent. The thread
density can thus be adjusted to the particular characteristics of the luminal wall
engaged by the stent. By way of example, a relatively rigid luminal wall will allow the
use of a densely threaded stent. A relatively flexible or pliable luminal wall will
require a stent with less dense and larger threading to ensure the preferably helical
threads positively engage the wall to allow for advancement of the stent via rotation.

Preferably the proximal end of the starting tube will not have been formed to
include the ridges and valleys The proximal end of the stent may be configured and
dimensioned as indicated in FIG. 2, in which the end is somewhat radiused or
rounded. The rounding may be effected in any number of ways, such as by placing
a mandrel having rounded ends within the tube and heating the tube proximal end
while rotating the tube to form the rounded end. Another possible approach is to
round over the proximal end with a solder tip held against the end while rotating the
tube. A yet further approach is to use a knife held at an angle against the proximal
end while rotating the tube. The distal end may be provided with a similarly
fashioned tip, configured and dimensioned as indicated in FIG. 3. Alternately, it may
be preferable to provide a modified tip 24 at the distal end 14 that has a generally
tapered configuration to facilitate its entry through the papilla and into the biliary

~duct. The distal tip also may be configured to provide a distal opening 26 (FIG. 7)

that is elongated and may be generally elliptical in shape. The elongated distal
opening may facilitate entry of biliary liquids into the stent by providing an inlet
opening larger than the transverse cross section of the lumen. To that end, the
distal end of the tube is formed with an oblique cut 28 to expose an elongate inlet
opening 26. The distal tip also may be beveled or otherwise tapered at its opposite
side as shown at 30.

The stent may be provided with marker bands 32 at one or both of the distal
and proximal ends. The marker band/s 32 may be formed from gold or other suitably
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radiopaque material. Circular grooves may be thermoformed in either or both of the
ends 12, 14 and the radiopaque marker bands may be secured within those
grooves. The ridges 16 and grooves 18 may be formed along substantially the full
length of the stent or may be formed only along selected segments, for example,
adjacent the ends of the stent, leaving the mid portion in its original tubular
configuration. Conversely, only the mid portion may be provided with the ridges and
valleys. Still further, ridges 16 and grooves 18 can be placed in selected sporadic
groups along the length of the stent to achieve stiffness and flexibility characteristics
tailored to particular needs or particular anatomy. The valleys and ridges can be
made to be circumferentially segmented portions as opposed to being complete
annular rings or completely helical by intermittently withdrawing and applying the
thermoforming tool. Additionally, the pitch of the ridges and the depth of the valleys
can be varied along any segment or along the full length of the stent in order to
provide varied flexing characteristics for the stent.

The stent may be placed in the biliary duct either by the conventional pushing
technique or by mounting it on a rotatable delivery catheter having a stent engaging
member engageable with the proximal end of the stent. FIG. 8 shows a catheter 30
with a stent engaging member 32 in the form of an expandable collar that is received
within the proximal end of the stent 10 and expanded securely against the inner
luminal surface at the proximal end with wedge 36. Stent 10 is advanced to a
selected site in the biliary tract with catheter 30. Wedge 30 is then proximally
retracted to release the frictional engagement of engaging member 32 from stent 10.
Stent 10 is then released using the conventional pushing technique. In an alternate
embodiment, as the stent is advanced into the biliary duct, the an alternate delivery
device (not shown) may be rotated to facilitate entry of the stent through an
obstructed portion of the duct. To that end, it is preferred that the ridges and valleys
be formed to define a helical path that will enable the stent to advance, in screw-like
fashion through the obstruction. The stent may be released from the delivery device
after it has been deployed in the desired location.

The ridges may engage the inner surface of the duct to secure the stent in
place. Additionally, when the valley 18 is continuous, as defined by a helical path, it



WO 01/89419 PCT/US01/16132

-7 -

may be possible for biliary liquids to flow between the outer surface of the stent and
the wall of the biliary duct as well as through the stent itself. To perform the latter
function, valleys 18 have to be formed with sufficient pitch, depth and/or angle to
maintain an open channel since it is anticipated the duct wall will partially herniate
into the valley. Another benefit of having a relatively deep valley is that such a
configuration is expected to enhance the mechanical engagement of the stent to the
duct wall.

It should be understood that the foregoing description of the invention is
intended merely to be illustrative thereof and that other modifications, embodiments
and equivalents may be apparent to those who are skilled in the art without
departing from its principles. Having thus described the invention what we desire to

claim and secure by letters patent is:
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Claims
1. A tubular stent having an external surface, at least part of which is defined
by circumferentially extending ridges and valleys.

2. The stent of claim 1 wherein the ridges and valleys are disposed helically
along the outer surface of the stent.

3. The stent of claim 2 wherein the ridges and valleys extend at least

partially along the full length of the stent.

4. The stent of claim 3 further comprising at least one marker band located

adjacent at least one end of the stent.

5. The stent of claim 3 further comprising a proximal end and a distal end

wherein the ends are free of ridges and valleys.

6. The stent of claim 1 wherein the ridges and valleys are disposed in partial

circumferential segments at least partially along the full length of the stent.

7. The stent of claim 6 wherein the ridges and valley disposed in partial
circumferential segments have a helical orientation relative to a longitudinal axis of the

stent.

8. The stent of claim 7 further comprising at least one marker band located

adjacent at least one end of the stent.
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9. The stent of claim 7 further comprising a proximal end and a distal end

wherein the ends are free of ridges and valleys.

10. The stent of claim 1 further comprising a proximal end and a distal end

wherein the ridges and valleys are disposed on at least one of the ends.

11.  The stent of claim 1 further comprising a proximal end and a distal end

wherein the ridges and valleys are disposed in close proximity to at least one end.

12. The stent of claim 1 further comprising at least one marker band located

adjacent to at least one end of the stent.

13.  The stent of claim 1 further comprising a proximal end and a distal end

wherein the ends are free of ridges and valleys.

14. The stent of claim 1 further comprising a proximal end and a distal end

wherein at least one of the ends has an elongate inlet opening.

15. The stent of claim 14 wherein the distal end of the stent is beveled.

16. The stent of claim 1 wherein the stent comprises a polymer.

17.  The stent of claim 16 wherein the polymer comprises

polyetheretherketone.

18. A tubular biliary stent having an external surface, at least part of which is

defined by circumferentially extending ridges and valleys.
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19.  The biliary stent of claim 18 wherein the ridges and valleys are disposed
helically along the outer surface of the stent.

20.  The biliary stent of claim 19 wherein the ridges and valleys extend at least
partially along the full length of the stent.

21.  The biliary stent of claim 20 further comprising at least one marker band
located adjacent at least one end of the stent.

22.  The biliary stent of claim 20 further comprising a proximal end and a distal
end wherein the ends are free of ridges and valleys.

23. The biliary stent of claim 18 wherein the ridges and valleys are disposed
in partial circumferential segments at least partially along the full length of the stent.

24. The biliary stent of claim 23 wherein the ridges and valley disposed in
partial circumferential segments have a helical orientation relative to a longitudinal axis
of the stent.

25.  The biliary stent of claim 24 further comprising at least one marker band

located adjacent at least one end of the stent.

26. The biliary stent of claim 24 further comprising a proximal end and a distal

end wherein the ends are free of ridges and valleys.

27.  The biliary stent of claim 18 further comprising a proximal end and a distal
end wherein the ridges and valleys are disposed on at least one of the ends.
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28.  The biliary stent of claim 18 further comprising a proximal end and a distal

end wherein the ridges and valleys are disposed in close proximity to at least one end.

29. The biliary stent of claim 18 further comprising at least one marker band
located adjacent to at least one end of the stent.

30.  The biliary stent of claim 18 further comprising a proximal end and a distal
end wherein the ends are free of ridges and valleys.

31.  The biliary stent of claim 18 further comprising a proximal end and a distal
end wherein at least one of the ends has an elongate inlet opening.

32. The biliary stent of claim 31 wherein the distal end of the stent is beveled.

33. A method for making a stent comprising:

providing a thermoplastic tube, and

forming circumferentially extending ridges and valleys about the external surface
of the tube.

34. The method of claim 33 further comprising:
rotating the thermoplastic tube; and

placing a thermoforming tool against a sidewall of the tube.

35. The method of claim 34 further comprising:
advancing the thermoforming tool along the length of the tube to form
ridges and valleys that define a helical configuration.
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36. The method of claim 35 further comprising:
supporting the tube on a mandrel having an outside diameter less than an

inside diameter of the tube.

37. The method of claim 36 further comprising:
cyclically applying and removing the thermoforming tool while the tube is
rotated.

38. The method of claim 33 further comprising supporting the tube on a

mandrel and heat molding the outer surface of the tube while on the mandrel.

39. The method of claim 37 wherein the outer diameter of the mandrel is

smaller than the inner diameter of the tube.

40. A method for stenting a duct in the biliary tree comprising:

providing a stent having ridges and valleys at least partially along an outer
surface of the stent and a delivery device for delivering the stent into the biliary tree;

advancing the delivery device with the stent mounted on the delivery device
toward the intended site of deployment; and, while so advancing the stent, selectively

pushing or rotating the stent.

41. The method of claim 40 further comprising:

gripping the stent securely at its proximal end during advancement.

42. The method of claim 40 further comprising preliminarily selecting a stent

having ridges and valleys of a selected pitch and depth.
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