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DELIVERING A URETHRAL STENT

Technical Field

[0001] This invention generally relates to stents and delivery systems for inserting stents

into the body of a patient.

Backeround Information

[0002] The male urethra is generally a tubular passageway extending from the bladder to
the end of the penis. As urine travels from the bladder and out of the body, the urine passes
through four sections of the urethra, referred to as the prostatic urethra, the membranous
urethra, the bulbar urethra, and the pendulous or distal urethra. Surrounding the prostatic
urethra and below the bladder is a prostate gland, which, among other functions, produces the

fluid in semen.

[0003] A urological condition that some, mostly male, patients experience is blockage of
the urethra. For instance, prostate enlargement, also known as benign prostate hyperplasia
(BPH), is a common affliction experienced by some men. The condition involves swelling
of the prostate, which prevents passage of urine from the bladder and consequently makes
urination difficult or impossible. Prostate cancer is another affliction suffered by some men

and may lead to many of the same symptoms as BPH.

[0004] Medical devices, such as urethral stents, have been developed to correct the
problems of urine flow. Urethral stents are designed to hold open one or more of the sections
of the urethra obstructing the flow of urine. Generally, these stents are made from a

relatively small diameter tube or coil of a biocompatible material such as plastic.

[0005] A delivery system is often employed to deliver a urethral stent into the body of the
patient. To deliver a urethral coil stent into the body, an existing delivery system typically
winds or tightens the coil stent onto the exterior of a delivering catheter to reduce the
diameter of the coil stent. The length of the wound stent is greater than the length of the
stent in its expanded rest state. That is, prior to winding the coil stent onto the catheter for
delivery into the body, and after release of the coil stent in (or outside of) the body, the

length of the coil stent is less than when it is wound down onto the exterior of the delivery
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catheter. The winding thus both reduces the diameter of and extends the length of the coil

stent.

Summary of the Invention

[0006] The reduction of length that occurs upon deployment of a urethral coil stent makes
it difficult to position accurately the coil stent within the urethra. The invention involves
allowing a physician or other medical practitioner or professional to deploy and position a
coil stent in a patient’s urethra without any substantial change in the length of the coil stent.
Urethral coil stent delivery systems and related methods according to the invention allow

accurate placement of the stent.

[0007] To avoid damaging surrounding structures (such as the external sphincter), a
medical professional typically employs a scope (e.g., endoscope) to view the location at
which the urethral coil stent will be placed. The medical professional can use the scope to
line up the proximal end of the coil stent with the neck of the bladder. The length reduction
that typically occurs when deploying a known urethral coil stent, however, frustrates the

professional’s ability to place accurately the stent even when a scope is used.

[0008] In one aspect, the invention generally relates to a delivery system for placement of
a stent within the body of a patient. The stent includes a coil, an elongated member, and a
retaining structure. The coil defines a lumen and has an initial length when the stent is
resting in an expanded equilibrium, or rest, state. Additionally, adjacent turns of the coil are
positioned to substantially prevent tissue ingrowth through the turns and into the lumen when
the stent is placed within the body. The retaining structure collapses and deforms a portion
of the stent. In particular, the retaining structure includes one or more pins which collapse
and deform at least a portion of the stent at particular pressure points: The stent, however,
substantially retains its initial length. The elongated member is coupled to a distal end of the
retaining structure to enable insertion of the retaining structure with the collapsed and
deformed stent into the body. This insertion enables the collapsed and deformed stent to be
deployed from the retaining structure and placed into the body of the patient while

maintaining substantially its initial length.

[0009] Embodiments of this aspect of the invention can include the following features.
The delivery system can also include a sliding member that slides through a lumen defined

by the elongated member. The sliding member exerts a deploying force on the stent to
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deploy the stent from the retaining structure. The delivery system can also include a handle
coupled to the elongated member. The handle may also be coupled to the sliding member to
allow an operator of the delivery system to use the handle to slide the sliding member
through the lumen defined by the elongated member. This exerts the deploying force on the

stent.

[0010] In another aspect, the invention includes a method of loading a stent into a
retaining structure. The method includes providing a stent having a coil and having an initial
length when in an expanded rest state. The method also includes providing a retaining
structure sized for insertion into the body and having one or more pins. The method includes
inserting the stent into the retaining structure so that at least a portion of the stent becomes

collapsed and deformed by one or more pins while the stent retains its initial length.

[0011] The method may also include the step of providing the stent which includes a
membrane coating the coil. In another embodiment, the method includes inserting the
retaining structure with the collapsed and deformed stent into the body. This enables the
deployment of the deformed and collapsed stent from the retaining structure and placed into
the body of the patient while maintaining substantially its initial length. In a further
embodiment, the method includes the step of sliding a sliding member fhrough a lumen
defined by the elongated member to deploy the collapsed and deformed stent into the body of
the patient.

[0012] The directional terms proximal and distal require a point of reference. In this
document, the point of reference in determining direction is from the perspective of a patient.
The term “proximal” refers to a direction that points into the patient’s body. The term

“distal” refers to a direction that points out of the patient’s body.

[0013] The foregoing and other objects, aspects, features, and advantages of the invention
will become more apparent from the following description and from the claims.
Brief Description of Drawings

[0014] In the drawings, like reference characters generally refer to the same parts
throughout the different views. Also, the drawings are not necessarily to scale, emphasis

instead generally being placed upon illustrating the principles of the invention.

[0015] FIG. 1 is a schematic view of a male urinary system.
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[0016] FIG. 2A is an expanded side view of one embodiment of a urethral stent of the

invention.

[0017] FIG. 2B is a top view of the urethral stent from the perspective indicated by line
AA in FIG. 2A.

[0018] FIG. 2C is a side view of one embodiment of a single helix coil stent.
[0019] FIG. 2D is a side view of one embodiment of a double helix coil stent.

[0020] FIG. 2E is an expanded side view of another embodiment of a single helix coil

stent.

[0021] FIG. 2F is an expanded side view of another embodiment of a double helix coil

stent.

[0022] FIG. 3A is a side view of one embodiment of a distal portion of a stent delivery

system according to the present invention.

[0023] FIG. 3B is a perspective view of the proximal portion of the stent delivery system
of FIG. 3A showing four pins.

[0024] FIG. 3C is an end view of the stent delivery system from the perspective indicated
by line CC in FIG. 3B and line BB in FIG. 3A.

[0025] FIG. 4A is a side view of one embodiment of a urethral stent inserted into the stent

delivery system shown in FIG. 3A.

[0026] FIG. 4B is an end view of the stent inserted into the stent delivery system from the
perspective indicated by line DD in FIG. 4A.

[0027] FIG. 4C is another end view of the stent inserted into the stent delivery system
from the perspective indicated by line DD in FIG. 4A.

[0028] FIG. 5A is a perspective view of the proximal portion of the stent delivery system
of FIG. 3A showing three pins.

[0029] FIG. 5B is an end view of the stent inserted into the stent delivery system from the
perspective indicated by line EE in FIG. 5A.

[0030] FIG. 6A is a perspective view of the proximal portion of the stent delivery system
of FIG. 3A showing two pins.



WO 03/026531 PCT/US02/29537

-5-
[0031] FIG. 6B is an end view of the stent inserted into the stent delivery system from the
perspective indicated by line FF in FIG. 6A.

[0032] FIG. 6C is another end view of the stent inserted into the stent delivery system
from the perspective indicated by line FF in FIG. 6A.

[0033] FIG. 7A is a perspective view of the proximal portion of the stent delivery system
of FIG. 3A showing one pin.

[0034] FIG. 7B is another perspective view of the proximal portion of the stent delivery
system of FIG. 3A showing one pin.

[0035] FIG. 7C is an end view of the stent inserted into the stent delivery system from the
perspective indicated by line GG in FIG. 7A.

[0036] FIG. 8 is a side view of a portion of the stent delivery system of FIG. 3A.

[0037] FIG. 9A is a perspective view of the proximal portion of the stent delivery system

of FIG. 3A showing one pin and a sliding member.

[0038] FIG. 9B is a perspective view of the proximal portion of the stent delivery system
of FIG. 3A showing one pin and the sliding member of FIG. 9A extended.

[0039] FIG. 10 is a schematic view of a stent delivery system being inserted into a male

patient’s urinary system.

[0040] FIG. 11 is an expanded view of the stent delivery system of FIG. 10 within the

male patient’s urinary system.

[0041] FIG. 12 is another expanded view of the stent delivery system of FIG. 10 with the

stent partially deployed within the male patient’s urinary system.

Description

[0042] Urine retention and reduced urination are two common symptoms that some male
patient afflicted with benign prostatic hyperplasia (BPH) endure. Benign prostatic
hyperplasia is 2 medical condition in which a patient’s prostate enlarges due to disease or a
decrease in hormone production. FIG. 1 shows a male urinary system 1, which includes a
bladder 2, a urethra 3, an external sphincter 4, a meatus 5, and a prostate 6. The prostate 6 is

a male reproductive organ that surrounds a section of the urethra 3 generally known as the
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prostatic urethra. Due to the prostate’s location, the male urinary system 1 may be

constricted and thus obstructed when the patient’s prostate 6 enlarges.

[0043] FIG. 2A illustrates an expanded side view of a urethral stent 100 to illustrate the
components of the urethral stent 100. The urethral stent 100 includes a coil segment 105.
The coil segment 105 defines a lumen extending within the urethral stent 100 that allows
fluids, such as urine, to pass therethrough from the bladder 2 of a patient. When the urethral
stent 100 is in a rest or unrestrained state in which no external or other forces are exerted
upon any portion of the coil segment 105, the coil segment 105 has an initial length 110 and
the lumen defined by the coil segment 105 has an initial cross-sectional area 112, as shown in
FIG. 2B. The coil segment 105 has adjacent turns 114 spaced close together to prevent tissue
ingrowth. The adjacent turns 114 could touch each other, or could have some small spacing
between them. Whatever the spacing or positioning of the adjacent turns 114, it is sufficient
to substantially prevent tissue ingrowth between adjacent turns and thus keep tissue from
growing or impinging into the lumen defined by the coil segment 105 when the stent 100 is
placed within the body of a patient. Although FIG. 2A illustrates significant spaces between
the adjacent turns 114, FIG. 2A exaggerates the distances between the adjacent turns 114 of
the urethral stent 100 for illustrative purposes only. FIGS. 2C and 2D are more accurate with
respect to the spacing / closeness of the adjacent turns 114.

[0044] The coil segment 105 can be made from any biocompatible material that exhibits
superelastic properties. Nickel-titanium, or nitinol, is preferable because of its superelastic or
“pseudo-elastic” shape recovery properties. More specifically, these properties enable the
coil segment 105 to withstand a significant amount of bending and flexing and deformation
force(s), and yet return to its original and unrestrained state without becoming permanently
deformed due to the force(s). Nitinol is an alloy that is characterized by its ability to be
transformed from an austenitic crystal structure to a stress-induced martensitic structure at
certain temperatures, and to return elastically to the austenitic shape when the stress is
released. These alternating crystalline structures provide the alloy with its superelastic
properties. Further, the concentration of the nickel with respect to the concentration of the
titanium can be altered so long as the superelastic properties are present in the resulting coil

e

segment 105.

[0045] The material(s) from which the coil segment 105 is made do(es) not exhibit shape

memory properties. For instance, the coil segment 105 does not utilize the reversion of
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nitinol to its austenite form (to recover the previous shape of the coil segment 105) in -
response to raising the temperature of the coil segment 105. In other embodiments, the coil
segment 105 is made from a biocompatible polymer, such as polyethylene (PE) or
polypropylene. Whatever materials are used to form the coil segment 105, the coil segment
105 should exhibit superelastic properties in that the coil segment 105 should be able to
undergo deforming force(s) and still be able to return to substantially its original,

unrestrained state without any permanent deformation.

[0046] The thickness or diameter of the wire selected for the coil segment 105 influences
the radial strength as well as the flexibility of the urethral stent 100. The diameter (or, more
generally, the cross-sectional shape) of the wire needs to be sufficiently large to assure that
proper radial strength of the urethral stent 100 is achieved. Proper radial strength is typically
required to prevent occlusion of the patient’s prostatic urethra from the constriction created
by the patient’s enlarged prostate. At the same time, however, the diameter of the wire needs
to be sufficiently thin to promote winding ease and flexibility of the urethral stent 100 to
accommodate the patient’s anatomy. The diameter of the wire used to form the coil segment
105 is generally in the range of from about 0.1 millimeters to about 3 millimeters thick. The
wire is wound to form the coil segment 105 that includes a proximal portion 116, a middle
portion, and a distal portion 117. Round wire can be used, but wire with another cross-
sectional shape could instead be used, such as, for example, flat or rectangular, square,

elliptical, etc.

[0047] FIGS. 2C and 2D illustrate side views of two embodiments of the urethral coil stent
100 of FIG. 2A. Urethral coil stent 118 is a single-helix coil stent and urethral coil stent 120
is a double-helix coil stent. The single-helix coil stent 118 is formed by bending a wire into a
coil to form the coil segment 105. The two ends of the wire in a single-helix coil stent 118
are on opposite sides of coil stent 118. The double-helix coil stent 120 includes two parts of
the wire for every turn of the coil segment 105. Specifically, the double-helix coil stent 120
is formed by bending a wire into a coil and then turning one end of the wire around and
tracing the coil in the reverse direction that was used to form the coil. Thus, upon

completion of the double-helix coil stent 120, the two ends of the wire used to form the
double-helix coil stent 120 are located on one side of the double-helix coil stent 120.

Consequently, the double-helix coil stent 120 has a greater amount of support and rigidity
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relative to the single-helix coil stent 120 made from the same type of wire because the

double-helix coil stent 120 has two portions of the wire for each turn of the coil segment 105.

[0048] As shown with urethral coil stents 118 and 120, substantially no spacing exists
between adjacent turns 114 of the urethral coil stent. This prevents tissue ingrowth through
the adjacent turns 114 and into the lumen defined by the urethral coil stent 118, 120, in

accordance with the invention.

[0049] In another embodiment, the coil segment 105 of the urethral coil stent 100 is
dipped in liquid silicone to coat the coil segment 105 with a webbing to prevent tissue
ingrowth. Alternatively, the webbing, or “skin”, can be made from any flexible
biocompatible polymer that can stretch when the coil segment 105 is extended lengthwise,
collapse when the coil segment 105 is compressed lengthwise, and flex when the coil
segment 105 is bent or deformed. However the webbing is applied to the coil segment 105,
the webbing could coat the exterior surface of the coil segment 105, the interior surface of
the coil segment 105, or the exterior and interior surfaces of the coil segment 105. For
example, if the coil segment 105 is dipped in liquid silicone, the webbing may coat the
exterior and interior surfaces of the coil segment 105. Alternatively, the webbing may be

applied or brushed onto the exterior surface or the interior surface of the coil segment 105.

[0050] FIG. 2E illustrates an expanded side view of a single-helix urethral coil stent 122
with a webbing 125 coating the exterior surface of the coil segment 105 of the urethral coil
stent 122. The webbing 125 surrounds the exterior of the adjacent turns 114. The webbing
125 can be a solid, non-porous membrane that inhibits ingrowth of body tissue between the
turns 114 of the coil segment 105 and prevents encrustation of the urethral coil stent 100.
FIG. 2E exaggerates the distance between adjacent turns 114 of the urethral coil stent 122 to
better illustrate the webbing 125 surrounding the adjacent turns 114. FIG. 2F illustrates an
expanded side view of a double-helix urethral coil stent 128 with the webbing 125
surrounding the turns 114 of the double-helix coil stent 128. FIG. 2F also exaggerates the
distance between adjacent turns 114 of the double-helix urethral coil stent 128 to better
illustrate the webbing 125 surrounding the adjacent turns 114. Although FIGS. 2E and 2F
show the webbing 125 coating the exterior of the turns 114 of the coil stent 122, 128, the
webbing 125 could also coat the interior surface or the exterior and interior surfaces of the

turns 114 of the coil stent 122, 128.
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[0051] In one embodiment, to retain proper positioning of the urethral stent 100 within the
patient’s body and to inhibit movement of the positioned urethral stent 100, the middle
portion of the urethral stent 100 has a smaller diameter than the proximal portion 116 and the
distal portion 117 of the urethral stent 100. The middle portion, proximal portion 116, and
distal portion 117 can include any number of turns 114 of the coil segments 105. The larger
diameter of the distal portion 117 and the proximal portion 116 of the urethral stent 100
prevent the migration of the urethral stent 100 after insertion into the patient’s urethra 3. In
particular, the greater diameter of the proximal portion 116 prevents the distal migration of
the urethral stent 100 (down and out of the bladder opening); whereas, the greater diameter
of the distal portion 117 prevents the proximal migration of the urethral stent 100 (up into the
bladder 2 of the patient). '

[0052] Referring to FIG. 3A, an embodiment of a stent delivery system 200 according to
the invention includes a retaining structure 205 and an elongated member 208. The delivery
system 200 enables a urethral coil stent 100 to be collapsed and deformed upon insertion into
the retaining structure 205 while the length of the collapsed and deformed urethral coil stent
100 remains the same as the initial length 110 of the urethral coil stent 100 when in its rest
state. The multiple forces exerted by the retaining structure 205 on one or more portions of
the urethral coil stent 100 causes the urethral coil stent 100 to maintain its initial length.
Upon deployment of the urethral coil stent 100 from the stent delivery system 200, the cross-
sectional area of the lumen defined by the urethral coil stent 100 expands and the length of
the deployed urethral coil stent 100 remains at its initial length 110, thereby eliminating the
typical shortening of a urethral coil stent upon deployment into the body of the patient. In
one embodiment, the cross-sectional area of the lumen defined by the urethral coil stent 100
expands to substantially its initial cross-sectional area 112. In another embodiment, the
urethral coil stent 100 does not expand to its initial cross-sectional area 112 because the

urethra 3 blocks an expansion to the initial cross-sectional area 112.

[0053] In one embodiment, the retaining structure 205 includes several pins 212 to deform
the urethral stent 100 upon insertion into the retaining structure 205. The pins 212 can have
any size and shape so long as the pins 212 deform the urethral stent 100 so that the cross-
sectional area of the lumen defined by the urethral stent 100 is reduced relative to the initial
cross-sectional area 112 of the lumen defined by the urethral stent 100 when the urethral

stent 100 is in its expanded rest state. As discussed in more detail below, the retaining
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structure 205 may have any number of pins to deform a urethral stent 100. The retaining
structure 205 holds the urethral stent 100 and deforms a portion of or the entire urethral stent
100 while maintaining the initial length 110 of the urethral coil stent 100. The deformation is
applied at particular pressure points, and in the disclosed embodiment along the entire length
of the stent 100. More particularly, the deformation causes one portion of the urethral coil
stent 100 to fold inward on the urethral stent 100. Without a physical deformation of the
urethral stent 100, the urethral stent 100 would not be able to fit inside the retaining structure
205.

[0054] The elongated member 208 is coupled to the distal end of the retaining structure
205 to enable insertion of the retaining structure 205 with the collapsed and deformed
urethral stent 100 while the stent 100 maintains substantially its initial length. The elongated

member 208 also defines a lumen 216.

[0055] The stent delivery system 200 also includes a coupling piece 220 that couples the
retaining structure 205 to the elongated member 208. In one embodiment, the lumen 216 of
the elongated member 208 has a smaller cross-sectional area than the cross-sectional area of
the coupling piece 220. The coupling piece 220 can have any shape (e.g., spherical,
rectangular). For example, the coupling piece 220 can be rectangular to sharply transition
between the elongated member 208 and the retaining structure 205. Alternatively, the
coupling piece 220 can have a conical shape 228 to gradually transition between the

elongated member 208 and the retaining structure 205.

[0056] FIG. 3B illustrates a perspective view of the proximal portion of the stent delivery
system 200 of FIG. 3A showing four pins 212. The four pins 212 collapse and deform a
urethral stent 100 that is inserted into the retaining structure 205. Additionally, the stent
delivery system 200 shown in Fig. 3B includes a cylindrical coupling piece 220. Moreover,
FIG. 3C is an end view of the stent delivery system 200 from the perspective indicated by
line CC in FIG. 3B and line BB in FIG. 3A.

/

[0057] Referring to FIG. 4A, the urethral stent 100 is inserted into the retaining structure
205 of the stent delivery system 200. Upon inserting the urethral stent 100 into the retaining
structure 205, the four pins 212 of the retaining structure 205 collapse and deform the
urethral stent 100. The cross-sectional area of the urethral stent 100 is reduced while the
urethral stent 100 maintains its initial length 110. Looking along line DD of FIG. 4A, an end
view of the inserted urethral stent 100 is shown in FIG. 4B. The urethral stent 100 that has
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been inserted into the retaining structure 205 is deformed by the four pins 212 at particular

pressure points to produce four lobes 232 in the urethral stent 100.

[0058] More specifically, each pin 212 deforms the urethral stent 100 at a particular
pressure point to produce a lobe 232. A pressure point can be any point on the coil segment
105. An exemplary pressure point (after the deformation of the coil segment 105) is
illustrated as pressure point 230 at the bottom of the lobe 232. Thus, as shown in Fig. 4B, a
pin 212 produces a lobe 232 by 'deforming the urethral stent 100 and, as a consequence of the
deformation, two crests 231, 233 are formed. The pair of crests 231, 233 surround the lobe
232 and, more specifically, are produced as a result of the deforming force applied by a pin
212 at the particular pressure point 230. Therefore, a retaining structure 205 having four pins
212, for example, produces four lobes (e.g., lobe 232) at particular pressure points at which
the pins 212 deform the urethral stent 100. Moreover, this deformation results in the
production of four crests (e.g., crests 231, 233) with a crest on each side of each lobe (e.g.,
lobe 232).

[0059] Furthermore and also referring to Fig. 4C, if a pin 212 exerts a deforming force that
greatly deforms the urethral stent 100 so that the bottom of a lobe 232 extends past the center
234 of the lumen defined by the urethral stent 100 (when viewing an end view of the coil
segment 105), the two surrounding crests 231, 233 exhibit greater deformation and can begin
to bend towards each other. Particularly, the distance 235 between the two crests 231, 233
begins to diminish as the deformation force exerted by the pin 212 at the pressure point 230
increases. Moreover, as a pin 212 exerts a larger deformation force at the particular pressure

point 230, the depth of the resulting lobe 232 also increases.

[0060] The superelastic properties of the material used to construct the coil segment 105
enable the cross-sectional area of the lumen defined by the coil segment 105 to expand to
substantially its initial cross-sectional area 112 upon deployment of the urethral stent 100
(into the urethra of a patient, for example). More specifically, when the pins 212 of the
retaining structure 205 lose contact with the coil segment 105, the coil segment 105 expands
to substantially its initial cross-sectional area 112 in its rest state (unless the coil segment 105
is blocked by the urethra 3). During and after this expansion, however, the length of the coil
segment 105 remains at the initial length 110. Thus, the deformation of the urethral coil stent

100 enables the length of the urethral coil stent 100 to maintain substantially the same length.
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Conversely, the length of the coil segment 105 would not remain static if the urethral coil

stent 100 was wound or tightened onto the exterior of a delivering catheter.

[0061] When the coil segment 105 is released into and placed within the urethra of a
patient, the surrounding urethra typically acts as a wall and a restraining force which may not
allow the coil segment 105 to return fully to its rest or unrestrained state with the initial
cross-sectional area 112, but in general the coil segment 105 has enough radial opening force

to return substantially to its original, unrestrained form and thereby keep the urethra open.

[0062] In another embodiment and referring to FIG. 5A, a retaining structure 236 of the
delivery system 200 has three pins 212. FIG. 5B shows an end view of the stent inserted into
the stent delivery system 200 from the perspective indicated by line EE in FIG. 5A. The
three pins 212 produce a deformed urethral coil stent 100 having three lobes 232 upon
insertion of the urethral stent 100 into the retaining structure 236. The pins 212 support and
secure the urethral coil stent 100 while collapsing and deforming the urethral stent 100. In
particular, each pin 212 of the retaining structure 236 collapses the portion of the urethral
coil stent 100 that contacts the pin 212. While in the deformed state, the urethral coil stent
100 retains its initial length 110.

[0063] Referring to FIG. 6A, a retaining structure 240 of the stent delivery system 200 has
two pins 212. In one embodiment, the two pins 212 of the retaining structure 240 secure and
simultaneously collapse and deform the urethral coil stent 100. The two pins 212 are parallel
to each other and on the same vertical plane. The retaining structure 240 may also include a
securing piece (not shown) in addition to the pins 212. As shown in more detail with respect
to FIG. 7A, the securing piece would provide additional support and an additional securing
device for securing the urethral coil stent 100. The securing piece would not substantially

deform the urethral coil stent 100 in any manner.

[0064] FIGS. 6B and 6C show end views of the urethral coil stent 100 inserted into the
stent delivery system 200 from the perspective indicated by line FF in FIG. 6A. Two lobes
232 are produced from the collapsing and deforming of the urethral coil stent 100 by the
retaining structure 240 having two pins 212. The two pins 212 can alternatively have any
other configuration as long as the two pins 212 can secure, collapse, and deform the urethral
coil stent 100 while enabling the urethral coil stent 100 to retain its initial length 110. FIG.
6C, for example, illustrates another embodiment of an end view of the urethral coil stent 100

that is inserted into the stent delivery system 200 having a retaining structure 240 with the
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two pins 212 positioned in different vertical planes. Other embodiments of the retaining
structure 240 having two pins 212 can be used to produce many variations on the

configuration of the lobes 232 of the urethral coil stent 100.

[0065] FIG. 7A shows a perspective view of the proximal portion of the stent delivery
system 200 having a retaining structure 244 with one pin 212. When having one pin 212, the
retaining structure 244 has a securing piece 248 that helps secure an inserted urethral coil
stent 100 without deforming the urethral coil stent 100. The securing piece 248 can be an
extension of the coupling piece 220. For example, the securing piece 248 can be a
cylindrical structure (as shown in FIG. 7A). Alternatively and as shown in FIG. 7B, a
securing piece 250 can be an extension of a portion of the coupling piece 220, such as a
curved planar structure, that provides support to and does not deform the inserted urethral

coil stent 100.

[0066] Either of these examples of the retaining structure 244 having a securing piece 248
produces a urethral coil stent 100 having one lobe 212, as shown in FIG. 7C from the
perspective indicated by line GG in FIG. 7A.

[0067] To deploy the urethral coil stent 100 into the body of the patient, a deploying force
is exerted on the distal portion 117 of the retained urethral coil stent 100 (i.e., the end closest
to the coupling piece 220). The deploying force pushes the collapsed and deformed urethral
coil stent 100 out of the retaining structure 205. As shown in FIG. 8, the distal portion of the
stent delivery system 200 includes a sliding member 252 to exert the deploying force
described above on the urethral coil stent 100 (not shown) inserted into the retaining
structure 205 (not shown). The distal end 254 of the stent delivery system 200 includes a
handle 256 that enables the sliding member 252 to slide along a body 268 of the stent
delivery system 200. In particular, the handle 256 is coupled to the elongated member 208
and the sliding member 252. The medical professional using the stent delivery system 200
causes the handle 256 to slide the sliding member 252 through the lumen defined by the
elongated member 208 to exert the deploying force on the urethral stent 100 to deploy the
stent 100 from the retaining structure 205. In even more detail, the medical professional
causes the sliding member 252 to slide towards the coupling piece 220 by pulling an inside

handle arm 260 towards an outside handle arm 264 (shown by arrow 270).

[0068] The handle 256 may include a spring (not shown) attached from the distal end 254
of the stent delivery system 200 to the distal end 272 of the sliding member 252. The handle
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256 includes the spring so that the movement of the inside handle arm 260 towards the
outside handle arm 264 compresses the spring. Upon release of the handle arms 260, 264,
the spring subsequently expands longitudinally to provide an actuation force on the sliding
member 252. The actuation force produces movement of the sliding member 252 along line
274 so that the sliding member 252 can exert the deploying force on the urethral stent 100.
Any other means can also be used to provide an actuation force on and subsequent movement

of the sliding member 252.

[0069] As shown in FIG. 9A, the sliding member 252 includes a deploying mechanism
278 attached to its proximal end 280 to ensure that the sliding member 252 provides the
deploying force on the urethral coil stent 100 (not shown). Without the deploying
mechanism 278, the sliding member 252 may slide through the lumen defined by the urethral
coil stent 100 without colliding with the urethral coil stent 100. The deploying mechanism
278 is a circular shaped member in which a portion contacts the urethral coil stent 100 as a
result of the movement 274 of the sliding member 252 from the actuation force.
Alternatively, the deploying mechanism 278 can be any shaped mechanism, such as a square,
octagonal, and triangular, so long as the sliding member 252 provides some sort of deploying
force on the urethral coil stent 100 to deploy the urethral coil stent 100 from the retaining
structure 205.

[0070] Upon application of the actuation force 274 shown in FIG. 9B, the sliding member
252 slides the deploying mechanism 278 towards the distal portion 117 of the urethral coil
stent 100. The sliding member 252 deploys the urethral coil stent 100 by pushing the
urethral coil stent 100 out of the retaining structure 205 with the deploying mechanism 278.
Although FIGS. 9A and 9B show the retaining structure 205 without a securing piece 248,
250 and with one pin 212, it is for illustrative purposes only. Additionally, the retaining
structure 205 can have any number of pins with the sliding member 252 and the deploying

mechanism 278.

[0071] Referring to FIG. 10, a medical professional inserts the delivery system 200 into
the meatus 5 of the patient. In one embodiment, the medical professional uses the handle

256 to insert the delivery system 200 into the meatus 5. The medical professional advances
the urethral stent 100 and the delivery system 200 through the patient’s urinary system 1 until
the urethral stent 100 is located substantially within the prostatic urethra 3 with the proximal
portion 116 located near the opening of the patient’s bladder 2 and the distal portion 117



WO 03/026531 PCT/US02/29537

-15 -

terminating prior to the proximal side of the patient’s external sphincter 4 so as not to
interfere with the normal operation of the external sphincter 4. In particular, the elongated
member 208 guides the urethral stent 100 grasped by the retaining structure 205 into the
urethra 3 and into the area in which the urethra 3 is occluded by the enlarged prostate 6. In
one embodiment, the retaining structure 205 and/or the elongated member 208 are flexible
and one or both bend to follow the curvature of the urethra 3 as they are inserted into the

body of the patient.

[0072] FIGS. 11 and 12 are expanded views of the stent delivery system 200 within the
male patient’s urinary system 1 as shown in FIG. 10. The retaining structure 205 holds the
urethral stent 100 with the pins 212. In the embodiment shown, the urethral stent 100 is
encapsulated by the webbing 125 to prevent tissue ingrowth. The medical professional
inserts the stent delivery system 200 into the urethra 3 until reaching the occluded portion of
the urethra 3. In one embodiment, the medical professional uses an endoscope to determine
when the stent delivery system 200 reaches the occluded portion. As described previously,
the urethral stent 100 maintains its initial length 110 during the insertion, positioning, and
deployment of the stent delivery system 200. The medical professional then uses the handle
256 to deploy the urethral stent 100 by exerting the actuation force 274 (not shown) onto the
sliding member 252, thereby deploying the urethral stent 100 by exerting the deploying force
on the stent 100.

[0073]  The urethral stent 100 radially expands upon deployment from the retaining
structure to prop open the occluded urethra 3, while allowing the patient to control the
opening and closing of his external sphincter 4 because that section of the urethra is not
propped open by the stent 100. The radial expansion of the urethral stent 100 occurs without
any substantial change in the length of the urethral coil stent 100, in accordance with the
invention. Because the stent 100 retains its initial length 110, the medical professional can
place the stent 100 with great accuracy. The stent 100 will not expand longitudinally into

sections of the urethra not intended to be propped open.

[0074] At some later time, the medical professional can remove the urethral stent 100 by
using a grasping device, such as forceps, to engage and remove the urethral stent 100 from

the body of the patient.

[0075] Variations, modifications, and other implemenfations of what is described herein

will occur to those of ordinary skill in the art without departing from the spirit and the scope
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of the invention. The invention is not to be limited only to the preceding illustrative

description.

[0076] What is claimed is:
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CLAIMS

1. A delivery system for placement of a stent within a body of a patient, comprising:

(a) a stent comprising a coil defining a lumen and having an initial length when in an
expanded rest state, adjacent turns of the coil being positioned to substantially prevent tissue

ingrowth through the turns and into the lumen when the stent is placed within the body;

(b) a retaining structure sized for insertion into the body and comprising one or more
pins which collapse and deform at least a portion of the stent while the stent maintains

substantially its initial length; and

(¢) an elongated member coupled to a distal end of the retaining structure to enable
insertion of the retaining structure with the collapsed and deformed stent into the body such that
the collapsed and deformed stent can be deployed from the retaining structure and placed into the

body of the patient while maintaining substantially its initial length.

2. The delivery system of claim 1 further comprising a sliding member that slides through a
lumen defined by the elongated member to exert a deploying force on the stent to deploy the

stent from the retaining structure.

3. The delivery system of claim 2 further comprising a handle coupled to the elongated
member.
4. The delivery system of claim 3 wherein the handle is also coupled to the sliding member

to allow an operator to use the handle to slide the sliding member through the lumen defined by

the elongated member and thereby exert the deploying force on the stent.

5. The delivery system of claim 1 wherein the coil comprises a superelastic material.

6. The delivery system of claim 1 wherein the coil comprises a material acceptable to the
body of the patient.

7. The delivery system of claim 6 wherein the material comprises an alloy of nickel-

titanium or a plastic.
8. The delivery system of claim 1 wherein the stent comprises a membrane coating the coil.

9. The delivery system of claim 1 further comprising a coupling piece for coupling the

elongated member to the retaining structure.
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10.  The delivery system of claim 9 wherein a lumen defined by the elongated member has a

smaller cross-sectional area than the cross-sectional area of the coupling piece.
11. A method of loading a stent into a retaining structure, comprising:

(a) providing a stent comprising a coil defining a lumen and having an initial length
when in an expanded rest state, adjacent turns of the coil being positioned to substantially
prevent tissue ingrowth through the turns and into the lumen when the stent is placed within a

body of a patient;

(b) providing a retaining structure sized for insertion into the body and comprising one

or more pins; and

(c) inserting the stent into the retaining structure such that at least a portion of the stent

becomes collapsed and deformed by the one or more pins while the stent retains its initial length.

12.  The method of claim 11 wherein the step of providing the stent comprises providing the

stent which includes a membrane coating the coil.

13.  The method of claim 11 wherein the step of providing the stent comprises providing the

stent which includes a silicone coating formed by dipping the coil in liquid silicone.

14.  The method of claim 11 further comprising providing an elongated member coupled to a

distal end of the retaining structure.

15.  The method of claim 14 further comprising inserting the retaining structure with the
collapsed and deformed stent into the body such that the collapsed and deformed stent can be
deployed from the retaining structure and placed into the body of the patient while maintaining
substantially its initial length.

16.  The method of claim 15 further comprising sliding a sliding member through a lumen

defined by the elongated member.

17.  The method of claim 16 further comprising exerting an actuation force on the sliding
member to cause the sliding member to slide through the lumen defined by the elongated

member and exert a deploying force on the stent.
18. A delivery system for placement of a stent within a body of a patient, comprising:

(a) means for retaining at least a portion of a stent in a collapsed and deformed state with

one or more pins while the collapsed and deformed stent maintains substantially an initial length,
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the stent having the initial length when in an expanded rest state, the stent comprising a coil
defining a lumen, adjacent turns of the coil being positioned to substantially prevent tissue

ingrowth through the turns and into the lumen when the stent is placed within the body; and

(b) means, coupled to the retaining means, for enabling insertion of the retaining means
with the collapsed and deformed stent into the body such that the collapsed and deformed stent
can be deployed from the retaining means and placed into the body of the patient while

maintaining substantially its initial length.

19.  The delivery system of claim 18 further comprising means for exerting a deploying force

on the stent to deploy the stent from the retaining means.

20.  The delivery system of claim 18 further comprising means for coating the coil with a

membrane.
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