wo 2015/157467 A1 I} 000 OO0

(43) International Publication Date

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

(10) International Publication Number

WO 2015/157467 Al

(51

eay)

(22)

(25)
(26)
(30)

1

(72

15 October 2015 (15.10.2015) WIPOIPCT
International Patent Classification:
A6IM 27/00 (2006.01)
International Application Number:
PCT/US2015/025003

International Filing Date:
8 April 2015 (08.04.2015)

Filing Language: English
Publication Language: English
Priority Data:

61/977,990 10 April 2014 (10.04.2014) US

Applicant: C.R. BARD, INC. [US/US]; 730 Central Av-
enue, Murray Hill, New Jersey 07974 (US).

Inventors: WAN, Beatrice; 2010 Bluffton Way, Roswell,
Georgia 30075 (US). ORR , Robert H., III; 95 Trillum
Terrace, Covington, Georgia 30016 (US). REINEKE,
Richard; 8 Gertrude Place NW, Atlanta, Georgia 30318
(US). LEWIS, Emily; 3635 Jensen Court, Loganville,
Georgia 30052 (US). DUCHAMP, Jacky; 115 W.
Peachtree Place NW Apt. 707, Atlanta, Georgia 30313
(US). RAE, Jennifer; 1911 Withrow Road, Greensboro,
Georgia 30642 (US). WALTHALL, Jill; 1940 E Roxboro

(74

(8D

Road N.E., Atlanta, Georgia 30324 (US). BIGBY, Laura
F.; 2502 Tiffany Court, Conyers, Georgia 30013 (US). EP-
SHTEYN, Mila; 5855 Riverstone Circle, Atlanta, Georgia
30339 (US). LOY, Mitch; 732 Morgans Ridge Drive,
Monroe, Georgia 30656 (US). CICCONE, Paul; 190
Nicklaus Circle, Social Circle, Georgia 30025 (US).
TRUE, Rachel W.; 171 5th Street, Atlanta, Georgia 30313
(US). LIN, Yuan; Floor 27, Block A, Sunyoung Center,
No. 398 Jiangsu Road, Shanghai 200050 (CN).

Agents: ORME, Nathan et al; Kearns Building, 136
South Main Street, Suite 1000, Salt Lake City, Utah
84101-1685 (US).

Designated States (uniess otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,
KZ, LA, LC, LK, LR, LS, LU, LY, MA, MD, ME, MG,
MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ, OM,
PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA, SC,
SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

[Continued on next page]

(54) Title: URETERAL STENTS

FIG. 1A

(57) Abstract: Embodiments disclosed herein includes ma-
terials, devices, systems, and methods for utilizing a stent
(100, 200, 300, 400, 500, 600, 700), reducing movement of
a stent within an ureter, securing the stent within the ureter,
aiding in insertion or retrieval of a stent from the ureter, pre-
venting irritation of the trigone, or combinations thereof. In
one embodiment, a stent is disclosed including at least one
retaining structure (228, 328, 428, 528, 628, 728) positioned
at least proximate a bladder configured to irritate a trigone
less than a curled retaining structure.



WO 2015/157467 A1 WK 00N 00 T A

(84) Designated States (unless otherwise indicated, for every SI, SK, SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA,
kind of regional protection available). ARIPO (BW, GH, GN, GQ, GW, KM, ML, MR, NE, SN, TD, TG).
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ, .
TZ, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, Kz, RU, Tublished:
TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, —  with international search report (Art. 21(3))
DK, EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT,
LU, LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE,




10

15

20

25

30

WO 2015/157467 PCT/US2015/025003
1

URETERAL STENTS
CROSS-REFERENCE TO RELATED APPLICATIONS
[0001] This application claims priority to U.S. Provisional Application 61/977,990
filed on 10 April 2014, the disclosure of which is incorporated herein, in its entirety, by
this reference.
BACKGROUND
[0002] Catheterization is a relatively common medical procedure for treating drainage
from a tube or duct. In the case of urcteral catheterization, a ureteral stent and/or a
catheter may prevent or treat an obstruction affecting urine, produced in the kidney,
flowing to the bladder. In most cases, stents allow or restore the free flow of urine from
the kidney. In some instances, catheterization may also facilitate injection of liquids into
the kidney. Typically, ureteral catheterization is performed by inserting a stent through a
patient’s urethra into the bladder.
[0003] Stents can be used to prevent closure of a passage, tube, or duct. The diameter
of a stent can be expanded after being positioned within the patient, or they can be self-
expanding such as in response to a change in temperature. In most cases, stents are
designed to maintain their diameter after deployment and positioning. Where the stent is
expandable, the material of the stent may be deformed after deployment. Alternatively,
the stent may be manufactured from an elastic or shape memory material. In other cases,
the stent may be compressed within a sleeve that prevents expansion of the stent until it
has been properly positioned within the patient. After deformation, the stent is designed
to remain in the deployed state.
[0004] Stents are often used to prevent closure or obstruction of the ureter. In some
cases, the ureter may be blocked, for example by a kidney stone. While opening the
ureter to allow resolution of a kidney stone may require only temporary positioning of the
stent (days or weeks), other conditions may require the stent to remain in the ureter for
longer periods of time, for example several months or longer. In some cases, stents may
be placed within the ureter to prevent spasms and/or collapse of the ureter after an
operation, for example, an operation to remove a kidney stone.
[0005] Guidewires may be used to position a stent. In some cases, a guidewire may
be inserted into the ureter. The stent may be positioned about the guidewire and advanced
until it is properly positioned. In some cases, a cystoscope may aid in positioning the
guidewire. In many cases, fluoroscopy may be used to help ensure proper placement of

the guidewire prior to advancing the stent.
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[0006] In some cases, a stent may move after being positioned in the ureter. For
example, the stent may move towards the kidney or bladder. Movement of the stent may
arise for various reasons. For example, movement of the stent may be caused by routine
activity and/or from strenuous physical activity by the patient. Movement of the stent
may cause the ureter to partially collapse in regions of the ureter vacated by the stent
and/or the stent to irritate or damage the bladder (e.g. the trigone) or kidney.
[0007] In order to prevent or reduce movement of a stent or (maintain patency), one
or both ends of the stent may be curled in a pigtail, spiral, or J-shape (i.e., a curled
retaining structure). The curled retaining structure may prevent or reduce migration of
the stent within the ureter. Stents having a curled retaining structure at the kidney end of
the stent (e.g. first end) may prevent the stent from moving towards the bladder. A curled
retaining structure positioned at the bladder end of the stent (e.g. second end) may prevent
movement of the stent towards the kidney. Additionally structures at the bladder end of
the (e.g., a coil, string) may also aid in retrieval and removal of the stent.
[0008] Stents may cause or contribute to patient discomfort and pain. For example,
patient discomfort and pain may be attributed to the stent irritating the trigone area of the
bladder. Irritation of the trigone may occur when the stent or a retaining structure (e.g.
curl retaining structure), contacts the trigone. The trigone (or trigonum) is a triangular-
shaped region located on the floor of the urinary bladder, and is roughly defined by the
opening of the urethra and the two ureteral orifices. The trigone is believed to be
particularly innervated and, therefore, is especially sensitive to irritation caused by
pressure, such as contact with a stent.
[0009] In some cases, stents may result in urine reflux. Urine reflux may occur when
urine travels from the bladder to the kidneys in response to retrograde pressure.
Retrograde pressure occurs in the bladder when attempting to void the bladder of urine,
and may transmit urine or other fluids up the stent to the kidney. In response to this
pressure, the lower portion of the ureter, proximal the bladder, normally closes during
routine voiding of the bladder, but the presence of a stent or catheter may interfere with
this closure. This may lead to irritation of the ureter as well as urine reflux.

SUMMARY
[0010] Embodiments disclosed herein includes materials, devices, systems, and
methods for utilizing a stent, reducing movement of a stent within an ureter, securing the
stent within the ureter, aiding in insertion or retrieval of a stent from the ureter,

preventing irritation of the trigone, or combinations thereof. In an embodiment, a ureteral
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stent is disclosed. The ureteral stent includes an elongated member. The elongated
member defines a drainage lumen. The elongated member includes a first end. The first
end includes a first retaining structure and a plurality of openings in fluid communication
with the drainage lumen. The first end is configured to be positioned at least proximate a
kidney. The eclongated member further include a second end spaced longitudinally from
the first end. The second end includes a second retaining structure and one or more
openings in fluid communication with the drainage lumen. The second retaining structure
is configured to irritate a trigone of a bladder less than a curled retaining structure.

[0011] In an embodiment, a method of inserting a stent into a ureter is disclosed. The
method includes inserting a distal tip of a guidewire into a bladder and up a ureter. The
guidewire including a plurality of marker structures having a known length between the
cach of the marker structures. The plurality of marker structures are configured to be
visualized by a practitioner using a visualization technique. The method further includes
positioning the distal tip of the guidewire into a kidney that is drained by the ureter. The
method also includes visualizing the plurality marker structures using the visualizing
technique. Additionally, the method includes measuring the length of the ureter using the
plurality of marker structures. The method further includes selecting a stent including a
first end and a second end spaced longitudinally from the first end. The stent having a
length selected to have a first portion of the stent positioned in the kidney and a second
portion positioned in the ureter, with the first portion including the first end. The method
also includes positioning the stent on the guidewire. Finally, the method includes
advancing the stent on the guidewire until the first portion of the stent is positioned in the
kidney and the second portion of the stent within the ureter.

[0012] In an embodiment, a method of retrieving a stent positioned in a ureter is
disclosed. The method includes providing a stent at least partially positioned in the
ureter. The stent include a first end and a second end spaced longitudinally from the first
end. The first end is positioned at least proximate to the kidney. The second end of the
stent includes a first magnetically attractable structure. The method further includes
inserting a distal end of a retrieving device into a bladder. The retrieving device includes
a second magnetically attractable structure at or near the distal end thereof. The method
also includes positioning the distal end of the retrieving device at least proximate to the
second end of the stent such that the first and second magnetically attractable structures
are magnetically attracted to each other. Additionally, the method includes applying a

pulling force to the retrieving device to retrieve the stent from the ureter.
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[0013] Features from any of the disclosed embodiments may be used in combination
with one another, without limitation. In addition, other features and advantages of the
present disclosure will become apparent to those of ordinary skill in the art through
consideration of the following detailed description and the accompanying drawings.
BRIEF DESCRIPTION OF THE DRAWINGS
[0014] In order to describe the manner in which the above-recited and other
advantages and features of the invention can be obtained, a more particular description of
the invention briefly described above will be rendered by reference to specific
embodiments thercof which are illustrated in the appended drawings. For better
understanding, the like clements have been designated by like reference numbers
throughout the various accompanying figures. Understanding that these drawings depict
only typical embodiments of the invention and are not therefore to be considered to be
limiting of its scope, the invention will be described and explained with additional
specificity and detail through the use of the accompanying drawings in which:
[0015] FIGS. 1A and 1B are schematic illustrations of a stent at least partially
positioned within a ureter and the stent, respectively, according to an embodiment.
[0016] FIGS. 2A and 2B are schematic illustrations of a stent including a balloon
structure positioned within a ureter and the stent, respectively, according to an
embodiment.
[0017] FIGS. 3A and 3B are schematic illustrations of a stent including a sponge
structure positioned in a ureter and the stent, respectively, according to an embodiment.
[0018] FIGS. 4A and 4B are schematic illustrations of a stent at least partially
positioned in a ureter and the stent including a flared structure, respectively, according to
an embodiment.
[0019] FIGS. 5A and 5B arc schematic illustrations of a shortened stent at least
partially positioned within a ureter, according to an embodiment.
[0020] FIGS. 6A and 6B are schematic illustrations of a stent at least partially
positioned in the ureter and the stent including a suture structure, respectively, according
to an embodiment.
[0021] FIGS. 7A and 7B are schematic illustrations of a stent that is at least partially
positioned in a ureter and the stent including a first magnetically attractable structure,
respectively, according to an embodiment.
[0022] FIG. 7C is a flow diagram of a method of retrieving a stent from a ureter

using a magnetically attractable structure, according to an embodiment.
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[0023] FIGS. 8A, and 8B are schematic illustrations of a guidewire that is at least
partially positioned in the kidney, according to an embodiment.
[0024] FIG. 8C is a flow diagram of a method of using a guidewire to select and
position a suitably sized stent, according to an embodiment.

DETAILED DESCRIPTION
[0025] Embodiments disclosed herein includes materials, devices, systems, and
methods for utilizing a stent, reducing movement of a stent within an ureter, securing the
stent within the ureter, aiding in insertion or retrieval of a stent from the ureter,
preventing irritation of the trigone, or combinations thereof.
[0026] FIGS. 1A and 1B are schematic illustrations of a stent 100 at least partially
positioned within a ureter 102 and the stent 100, respectively, according to an
embodiment. The stent 100 includes an elongated member 104 including a first tip 106
and a second tip 108 spaced longitudinally from the first tip 106. The elongated member
104 furthers includes a first end 110 that includes the portion of the elongated member
104 at and proximate to the first tip 106. Similarly, the elongated member 104 includes a
second end 112 that includes a portion of the clongated member 104 that is at and
proximate to the second tip 108. The elongated member 104 defines a drainage lumen
120 that extends at and from the first tip 106 to at and including the second tip 108. The
first end 110 may include one or more openings or ports 114 therein that allow a fluid
(e.g., urine from a kidney 116) to enter the elongated member 104 via the drainage lumen
105. The second end 112 may also include one or more openings or ports 114 that allow
the fluid to exit the clongated member 104 via the drainage lumen 105. In an
embodiment, at least some of the one or more openings 114 may be located at the first tip
106 and/or the second tip 108.
[0027] Portions of the clongated member 104 may be configured to be at least
partially positioned within the ureter 102, the kidney 116, the bladder 118, or
combinations thereof. For example, the first end 110 may be configured to be positioned
at, near, or within a patient’s kidney 116. Similarly, the second end 112 may be
configured to be positioned at, near, or within a patient’s bladder 118.
[0028] The drainage lumen 120 is configured to drain a fluid from the patient’s
kidney 116 into the patient’s bladder 118. As such, the lumen 120 may extend between at
least the first end 110 and the second end 112. For example, the lumen 120 may extend
between the one or more openings 114 of the first end 110 and the one or more openings

114 of the second end 112 and be in fluid communication with the one or more openings
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114. The drainage lumen 120 may include various structures therein that facilitate
movement of the fluid through the stent 100. In an embodiment, the drainage lumen 120
may include one or more valves (not shown) positioned therein that prevent or allow the
flow of the fluid. In an embodiment, the drainage lumen 120 may include one or more
ports 122 positioned along the drainage lumen 120. The one or more ports 122 may
permit fluid between the stent 100 and the ureter 102 to access the drainage lumen 120.
For example, the one or more ports 122 may allow urine reflux to enter the drainage
lumen 120.

[0029] The elongated member 104 may include one or more walls having a constant
or varying thickness that define the drainage lumen 120. For example, portions of the one
or more walls (e.g. near the first end 110) may be sufficiently thick to resist kinking
despite constriction or other manipulation of the stent 100 due to enlargement of tissue
surrounding it, or due to peristaltic motions. The one or more walls may also be
sufficiently thick to resist kinking during insertion and removal of the stent 100. In an
embodiment, the one or more walls may include an annular wall that may resist
collapsing upon itself and sealing the drainage lumen 120 upon application of a radial,
lateral or longitudinal pressure. The radial, lateral, or longitudinal pressure may be
applied by the surrounding tissue during insertion, positioning, and/or removal of the
stent 100.

[0030] The stent 100 may include one or more retaining structures (e.g., the first
retaining structure 226 and the second retaining structure 228 shown in FIG. 2B or any
other retaining structure disclosed herein) that may prevent the stent from migrating
towards the kidney 116 or the bladder 118. For example, the first end 110 may include
one or more retaining structures (e.g., the first retaining structure 226 shown in FIG. 2B
or any other retaining structure disclosed herein) configured to position the first end 110
within the kidney 116. As such, the one or more retaining structures may prevent or
reduce migration of the stent 100 towards the bladder 118. In an embodiment, the second
end 112 may also include one or more retaining structures (e.g., the second retaining
structure 228 shown in FIG. 2B or any other retaining structure disclosed herein). As
such, the one or more retaining structures may also be configured to reduce irritation of
trigone 130 compare to a curled retaining structure (e.g. a pigtail, spiral, or J-shape).
Additionally, such one or more retaining structures may prevent or reduce migration of
the stent 100 towards the kidney 116. In an embodiment, the one or more retaining

structures may be integral with or distinct from the rest of the first end 110 or the second
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end 112. In an embodiment, the one or more retaining structures may be configured to
allow urine to flow around the one or more retaining structures and between the stent 100
and a wall of the urcter 102. In an embodiment, as disclosed herein, the one or more
retaining structures may include one or more balloons, sponges, flaps, barbs, tabs, or
weighted ends that may help in preventing or reducing movement of the stent 100 within
the ureter 102. In an embodiment, the one or more retaining structures include a suture
structure for attaching the stent 100 to the ureter 102.

[0031] The stent 100 may be formed from one or more materials. In an embodiment,
the stent 100 is manufactured from one or more biocompatible plastics or polymers. For
example, the stent 100 may be formed from ethylene vinyl acetate (EVA),
polytetrafluoroethylene (PTFE), silicone polyurethane, polyamide, polyurethane plastics,
polyethylene plastics, and other thermoplastics and block copolymers thereof. In an
embodiment, the stent 100 is made from a metallic material such as stainless steel. In an
embodiment, the stent 100 may be manufactured from a superelastic or shape memory
material. For example, a nickel-titanium alloy (e.g., nitinol) is a suitable superelastic or
shape memory alloy for manufacturing the stent 100 therefrom. In an embodiment, at
least one portion of the stent 100 may be coated.

[0032] In an embodiment, the one or more retaining structures may be formed from
one or more materials. For example, the one or more retaining structures may be formed
from a second biocompatible material. The second biocompatible material may include a
hydrophilic polymer, such as polyurethane, nylon, polycarbonate, poly(ethylene oxide),
polyvinyl pyrrolidone, polyvinyl alcohol, poly(ethylene glycol), polyacrylamide,
poly(hydroxyethylacrylate), copolymers thereof, or combinations thercof. The second
biocompatible material may also include silicone or a similar polymer. The one or more
retaining structures may include a material configured to reduce irritations of the trigone
130. In an embodiment, at least a portion of the one or more retaining structures may be
coated.

[0033] The stent 100 and/or the one or more retaining structures may be formed from
a material that is readily deformable. In an embodiment, the stent 100 and/or the one or
more retaining structures may be formed from a material exhibiting a Shore hardness

between about 60A and about 85A, or alternately between 20 Shore D and 65 Shore D.
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Patency — Retention Structures

Balloon Structure Embodiments

[0034] FIGS. 2A and 2B are schematic illustrations of a stent 200 positioned within a
ureter 202 and the stent 200 including a balloon structure 232, respectively, according to
an embodiment. The stent 200 may be substantially similar to or the same the stent 100
shown in FIG. 1B. For example, the stent 200 may include an elongated member 204
having a first end 210 and a second end 212. The elongated member 204 may define a
lumen 220 extending therethrough. Additionally, the first end 210 and the second end
212 may include one or more openings 214 formed therein.

[0035] In an embodiment, the first end 210 may include a first retaining structure 226
and the second end 212 may include a second retaining structure 228. In the illustrated
embodiment, each of the first retaining structure 226 and the second retaining structure
228 includes a balloon structure 232. However, the first retaining structure 226 can
include any of the retaining structures disclosed herein. The balloon structure 232 may
include one or more inflatable balloons. The first retaining structure 226 may include the
balloon structure 232 configured to be positioned and at least partially inflated in the
patient’s kidney 216. As such, the first retaining structure 226 may prevent or reduce
movement of the stent 200 towards the bladder 218. The second retaining structure 228
may also include the balloon structure 232 configured to be positioned and at least
partially inflated in the patient’s bladder 218. As such, the second retaining structure 228
may be configured to reduce or prevent irritation of trigone 230. Additionally, the second
retaining structure 228 may also be configured to prevent or reduce movement of the stent
200 towards the kidney 216.

[0036] The balloon structure 232 may surround at least a portion of the stent 200 and
may be attached to the first end 210 and/or the second end 212 of the stent 200. In an
embodiment, the balloon structure 232 may be positioned circumferentially about the
stent 200, such that the stent 200 passes through the balloon structure 232. In an
embodiment, the balloon structure 232 may surround only a portion of the stent 200 such
that the balloon structure 232 does not completely envelope the stent 200.

[0037] The balloon structure 232 may be configured to be inflated with an inflation
fluid, such as air, saline, another biocompatible fluid, or another appropriate inflation
fluid after the stent 200 is at least partially positioned within the ureter 202. In an
embodiment, the stent 200 may include an inflation tube 234 that is in fluid

communication with each of the balloon structures 232 and enables an inflation fluid to
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inflate the at least one balloon structure 232. The inflation tube 234 may include a
channel or a lumen that allows the inflation fluid to flow therein. The inflation tube 234
may also include one or more holes 236 therein that allow the inflation fluid to flow from
the inflation tube 234 into the balloon structure 232.

[0038] In an embodiment, the inflation tube 234 may include a distal portion 238 that
is coupled to and proximate to at least one balloon structure 232, a proximal portion (not
shown) that is spaced from the distal portion 238, and an intermediate portion 240 that
extends between the distal portion 238 and the proximal portion. The distal portion 238
may include the one or more holes 236 therein. The distal portion 238 may be configured
to be attached to, enclosed by, or incorporated into the elongated member 204. For
example, the elongated member 204 may define two lumens: the first lumen (e.g. lumen
220) may be configured to conduct urine from the kidney 216 to the bladder 218 and the
second lumen may incorporate or enclose the inflation tube 234. In the illustrated
embodiment, the distal portion 238 of the inflation tube 234 may be incorporated into or
enclosed by the second lumen. In an embodiment, the cross-sectional arca of the first
lumen may form a major portion of the cross-sectional area of the elongated member 204.
[0039] In the illustrated embodiment, the intermediate portion 240 extends from the
second retaining structure 228 towards the urethra 242 and out the patient. In such an
embodiment, the proximal portion of the inflation tube 234 may be positioned outside the
patient or another location that allows a practitioner (e.g., a doctor) to access the proximal
portion. The practitioner may use the proximal portion to insert an inflation fluid into
and/or flow an inflation fluid through the inflation tube 234. For example, the proximal
portion may include a pump or enable the practitioner to insert an inflation fluid via a
syringe.

[0040] In an embodiment, the balloon structure 232 and/or the inflation tube 234 may
include a device configured to enable or prevent the flow of the inflation fluid used to
inflate the balloon structure 232. For example, at least one of the balloon structures 232
or the inflation tube 234 may include a valve (not shown). The valve may be configured
to open or close in response to direction from a practitioner. For example, the valve may
be located on the proximal portion of the inflation tube 234. In an embodiment, the valve
may release the inflation fluid from the balloon structure 232 when a pressure applied to
the balloon structure 232 is above a threshold. In an embodiment, the valve may release
the inflation fluid from the balloon structure 232 into a body cavity of the patient, the
lumen 220 or the inflation tube 234.



10

15

20

25

30

WO 2015/157467 PCT/US2015/025003
10

[0041] Prior to inflation, the disclosed balloon structure 232 exhibits a small profile
and is sufficiently flexible to allow it to safely travel into and through the urethra 242 and
the ureter 202. For example, prior to inflation, the balloon structure 232 may exhibit an
outer diameter that is substantially similar to or slightly larger than the diameter of the
elongated member 204. Upon at least partially positioning the stent 200 within the ureter
202, one or both of the balloon structures 232 shown in FIG. 2A may be inflated, thereby
anchoring the stent 200 in position. The balloon structure 232 may be deflated to remove
the stent 200 from the ureter 202. For example, the balloon structure 232 may be deflated
by actively removing the inflation fluid (e.g. using a valve, the pump, or syringe).
Alternatively, the balloon structure 232 may be deflated by puncturing the balloon.

[0042] In some embodiments, the balloon structure 232 may include a relief structure
(not shown). The relief structure may include at least one groove extending at least
transversely in the longitudinal direction of the balloon in order to provide flexibility in a
direction transverse to the longitudinal direction. In some embodiments, the relief
structure may be produced by applying heat or high pressure to the inside of the balloon
structure 232, which may deform the balloon structure 232. The relief structure may also
be produced by winding a wire around at least a portion of the balloon structure 232, for
example in the form of a helix, or by at least partially enclosing the balloon structure 232
in a counter-pressure body.

Sponge Structure Embodiments

[0043] FIGS. 3A and 3B arc schematic illustrations of a stent 300 positioned in a
ureter 302 and the stent 300 including a sponge structure 344, respectively, according to
an embodiment. The stent 300 may be substantially similar to or the same as the stent
100 shown in FIG. 1B. For example, the stent 300 may include an elongated member
304 having a first end 310 and a second end 312. Additionally the first end 310 and the
second end 312 may include one or more openings 314 formed therein.

[0044] In an embodiment, the first end 410 includes a first retaining structure 326 and
the second end 312 includes a second retaining structure 328. In the illustrated
embodiment, the first retaining structure 326 includes a curled retaining structure
positioned in the patient’s kidney 316. However, the first retaining structure 326 may
include any retaining structure disclosed herein. The second retaining structure 328
includes a sponge structure 344 positioned in the patient’s bladder 318 of the patient. The
sponge structure 344 includes at least a sponge or another material that absorbs moisture.

The sponge structure 344 may be configured to irritate a trigone 330 when the sponge



10

15

20

25

30

WO 2015/157467 PCT/US2015/025003
11

structure 344 contacts the trigone 330 than a curled retaining structure. For example, the
sponge structure 344 may include a material that is less likely to irritate the trigone 330.
[0045] In an embodiment, the sponge structure 344 is initially compacted to facilitate
insertion of the stent 300 through at least the urethra 342. For example, as illustrated in
FIG. 3B, the compacted sponge structure 344A may exhibit an outer diameter that is
slightly larger (e.g. less than 3x larger or less than 2x larger) than a diameter of the
clongated member 304. After being inserted into a patient, the compacted sponge
structure 344A may absorb moisture from bladder 318 or another source (e.g., urine
flowing through the stent 300). The compacted sponge structure 344A may expand into
an expanded sponge structure 344B as the sponge structure 344 absorbs the moisture.
Expansion of the sponge structure 344 may prevent or reduce movement of the stent 300
towards the kidney 316.

[0046] The sponge structure 344 may exhibit a plurality of shapes. In an
embodiment, the compacted sponge structure 344A may exhibit a shape that may enable
casy insertion of the stent 300 into the patient. For example, the compacted sponge
structure 344A may exhibit a small profile and include a sufficiently flexible material that
allows the compacted sponge structure 344A to safely travel into and through at least the
urcthra 342. In an embodiment, the expanded sponge structure 344B may exhibit a
shape that may prevent or reduce movement of the stent 300 towards the kidney 316. In
such an embodiment, the expanded sponge structure 344B may exhibit an outer diameter
that is larger than the diameter of the elongated member 304 and/or ureteral orifice 360.
In an embodiment, the expanded sponge structure 344B may include an outer diameter
that varies with distance from the second tip 308. For example, the expanded sponge
structure 344B may exhibit an outer diameter that decreases with increased proximity to
the second tip 308. This general conical shape, as well as other suitable shapes, may
facilitate removal of the stent 300.

[0047] The sponge structure 344 may allow a fluid (e.g., urine) to flow through the
stent 300 (e.g., through the lumen 320) and/or around the stent 300. In an embodiment,
the sponge structure 344 may allow the fluid to flow through the sponge structure 344 and
into the lumen 320. For example, the sponge structure 344 may be positioned over one or
more openings 314. In another embodiment, the sponge structure 344 may be positioned
circumferentially around the stent 300, such that the stent 300 may pass through the
sponge structure 344. In an embodiment, the sponge structure 344 may be

discontinuously positioned about the stent 300. For example, the sponge structure 344
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may include a one or more sponges (e.g., one, two, or more sponges). In an embodiment,
the sponge structure 344 may be attached to a first tip 306 of the stent 300 and/or a
second tip 308 of the stent 300 and extend away from the elongated member 104.

Flared Structure Embodiments

[0048] FIGS. 4A and 4B are schematic illustrations of a stent 400 at least partially
positioned in a ureter 402 and the stent 400 including a flared structure 446, respectively,
according to an embodiment. The stent 400 may include an clongated member 404
having a first end 410 and a second end 412. The elongated member 404 may define a
lumen 420. Additionally the first end 410 and the second end 412 may include one or
more openings 414 formed therein.

[0049] In an embodiment, the first end 410 includes a first retaining structure 426 and
the second end 412 includes a second retaining structure 428. In the illustrated
embodiment, the first retaining structure 426 includes a curled retaining structure
positioned in a patient’s kidney 416. However, the first retaining structure 426 may
include any retaining structure included herein. The second retaining structure 428 may
include a flared structure 446 positioned in a patient’s bladder 418. The flared structure
446 may include one or more flaps, barbs, tabs, or similar structures. The flared structure
446 may be configured to reduce irritation of a trigone 430 compared to when pigtail ends
contact the trigone 430. The first retaining structure 426 and the second retaining
structure 428 may prevent or reduce movement of the stent 400.

[0050] The flared structure 446 may include a maximum outer diameter that, when
uncompressed, is greater than the diameter of the elongated member 404. As such, the
flared structure 446 may prevent or reduce movement of the stent 400. For example, the
flared structure 446 may include two or more flaps. Such a flared structure 446 may
include a proximal end 448 and a distal end 450 that is spaced from the proximal end 448.
The distal end 450 may be coupled to the rest of the elongated member 404 and may
exhibit an outer diameter that is substantially similar to the diameter of the elongated
member 404. The proximal end 448 may exhibit the maximum outer diameter that is
substantially greater than the diameter of the elongated member 404. The maximum
outer diameter of the flared structure 446, when uncompressed, may be large enough to
prevent the stent 400 from moving towards the bladder 418.

[0051] In an embodiment, the flared structure 446 may include one or more
openings 414 formed therein that are fluidly coupled to the lumen 420 of the stent 400.

As such, the one or more openings 414 may be configured to drain urine from the kidney
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416 into the bladder 418. In an embodiment, the flared structure 446 may exposc a
portion of the lumen 420. For example, an opening may be formed where the flared
structure 446 exposes the lumen 420.

[0052] In an embodiment, the flared structure 446 may be configured to be
compressible. For example, the flared structure 446 may include two or more flaps that
may be compressed together. In such an embodiment, the stent 400 may include a collar
structure 454 disposed about the exterior of the stent 400. The collar structure 454 may
be configured to move along the exterior of the stent 400. For example, the collar
structure 454 may include a string 456 attached thereto that moves the collar structure 454
towards the second end 412 when the string 456 is pulled. Pulling the string 456 may
cause the collar structure 454 to contact the flared structure 446. Upon contacting the
flared structure 446, further movement of the collar structure 454 towards the flared
structure 446 may cause portions of the flared structure 446 to be compressed together.
In one embodiment, when the collar structure 454 is completely positioned over the flared
structure 446, the maximum outer diameter of the flared structure 446 may be
substantially similar to the diameter of the elongated member 404.

Short Stent Embodiments

[0053] FIGS. SA and 5B arc schematic illustrations of a shortened stent 558 at least
partially positioned within a ureter 502, according to an embodiment. The shortened stent
558 may include an elongated member 504. The elongated member 504 may include a
first end 510 and a second end 512 spaced from the first end 510. The first end 510 may
include a first retaining structure 526 that includes a curled retaining structure. However,
the first retaining structure 526 may include any retaining structure disclosed herein.
[0054] In an embodiment, the shortened stent 558 may exhibit a length that prevents
the first end 510 from being positioned in the patient’s kidney 516 while the second end
512 is simultaneously positioned in the patient’s bladder 518. For example, when the first
end 510 is positioned in the patient’s kidney 516, the second end 512 may be positioned
within the ureter 502.

[0055] The shortened stent 558 may reduce patient pain and discomfort. In an
embodiment, the shortened stent 558 reduces patient pain and discomfort because the
second end 512 does not extend into the bladder 518. As such, the second end 512 does
not irritate the trigone 530. In an embodiment, the shortened stent 558 may reduce
patient pain and discomfort because the shortened stent 558 may reduce or prevent urine

reflux. For example, the shortened stent 558 may exhibit a length that prevents the
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second end 512 from significantly affecting or disrupting the operation of ureteral orifice
valve 561 (e.g. enables a ureteral orifice valve 561 to exhibit at least 50% normal function
and/or reduce reflux). For example, the shortened stent 558 may exhibit a length that
enables to ureteral orifice valve 561 to at least partially close the ureteral orifice 560, such
as substantially completely closing the ureteral orifice 560.

[0056] In an embodiment, the second end 512 may include a device that facilitates
retrieval of the shortened stent 558. For example, the second end 512 may include a
retrieval string 562 attached thereto. The pulling the retrieval string 562 may retrieve the
shortened stent 558. In an embodiment, the second end 512 may also include additional
removal devices disclosed herein (e.g., the first magnetically attractable structure 766
shown in FIG. 7B).

[0057] In an embodiment, the shortened stent 558 may include a second retaining
structure (not shown) that prevents or reduces migration of the shortened stent 500
towards the kidney 516. The second retaining structure may include any of the retaining
structures disclosed herein. For example, the second retaining structure may include a
flared structure similar to the flared structure 446 shown in FIG. 4B. The flare structure
may contact and/or interact with a wall of the ureter to prevent or reduce migration of the
shortened stent 558 towards the kidney 516. In another embodiment, the second retaining
structure may include a weighted second end that prevents or reduces migration of the
shortened stent 558 towards the kidney 516. The weighted second end may exhibit a
mass that is greater than another portion of the elongated member 504 having a similar
length.

Dissolvable Sutures Embodiments

[0058] FIGS. 6A and 6B are schematic illustrations of a stent 600 at least partially
positioned in the ureter 602 and the stent 600 including a suture structure 664,
respectively, according to an embodiment. The stent 600 may include an elongated
member 604 having a first end 610 and a second end 612. The first end 610 can include a
first retaining structure 626 configured to prevent or reduce movement of the stent 600
towards a bladder 618. The first retaining structure 626 may include any of the retaining
structures disclosed herein.

[0059] In an embodiment, the second end 612 includes a second retaining structure
628. The second retaining structure 628 may include a suture structure 664. The suture
structure 664 may be configured to prevent or reduce migration of the stent 600 towards

kidney 616. In an embodiment, the second retaining structure 628 including the suture
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structure 664 may also prevent or reduce migration of the stent 600 towards the bladder
618. The suture structure 664 may enable a practitioner (e.g. a doctor) to secure the stent
600 within the body using one or more sutures. As such, the suture structure 664 may at
least include at least one suture 663 and a structure 665 on the stent 600 (e.g., a hole) that
couples the at least one suture to the stent 600. The suture structure 664 may attach the
stent 600 to the bladder 618, at or near an opening to ureteral orifice 660, or within the
urcter 602. In an embodiment, the suture structure 664 includes at least one dissolvable
suture. In an embodiment, the suture structure 664 may additionally include one or more
attachment structures that further secure the stent in place. For example, the one or more
attachment structures include a tab, a balloon, a flap, a barb, etc.

[0060] In an embodiment, the suture structure 664 may be used with a stent that is
substantially similar to or the same as the shortened stent 558 shown in FIG. 5B. For
example, the second end 612 of the stent 600 may be positioned in the ureter 602 and the
suture structure 664 may be attached to a wall of the ureter 602. As such, the stent 600
may not significantly affect or disrupt normal operation of ureteral orifice valve 661,
thereby reducing or eliminating urine reflux. In an embodiment, the suture structure 664
may be used with a stent that is substantially similar to the stent 100 shown in FIG. 1A.
For example, the second end 612 of the stent 600 may be at least partially positioned in
the bladder 618 and the suture structure 664 may attach the stent 600 to the bladder 618,
the ureteral orifice 660, or the ureter 602.

[0061] In some embodiments, use of the suture structure 664 may reduce patient pain
and discomfort because contact between the stent 600 and a trigone 630 is reduced or
eliminated. As such, the suture structure 664 may reduce irritation of the trigone 630
compared to a curled retaining structure.

[0062] The stent 600 may be removed by various methods. In an embodiment, the
stent 600 may be removed after one or more suture has dissolved or starts dissolving. For
example, the stent 600 may include a removal string 662 attached thereto. Pulling on the
removal string 662 may retrieve the stent 600 after one or more sutures have dissolved or
start dissolving. Different sutures having differing dissolve times may be used depending
upon the length of time the stent 600 is intended to reside within the ureter 602.

Retrieval

Magnetic Stent Embodiments

[0063] FIGS. 7A and 7B arc schematic illustrations of a stent 700 that is at least

partially positioned in a ureter 702 and the stent 700 including a first magnetically
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attractable structure 766, respectively, according to an embodiment. The stent 700 may
include an elongated member 704 having a first end 710 and a second end 712. The first
end 710 can include a first retaining structure 726 configured to be positioned, for
example, in a kidney 716 of a patient. The first retaining structure 726 may prevent or
reduce movement of the stent 700 towards the bladder 718. The first retaining structure
726 may include any retaining structure discussed herein. The second end 712 may
include a second retaining structure (not shown). For example, the stent 700 may include
a weighted second end 712. In the illustrated embodiment, the stent 700 may be
substantially similar to or the same as the shortened stent 558 shown in FIG. 5B.
However, in some embodiments, the stent 700 may be substantially similar to or the same
as the stent 100 shown in FIG. 1B.

[0064] In an embodiment, the second end 712 may include a first magnetically
attractable structure 766 positioned at or near the second tip 708. The first magnetically
attractable structure 766 may be configured to be retrieved from within the ureter 702
using magnetic attraction. For example, the first magnetically attractable structure 766
may include at least one magnet, at least one magnetically attractable material (e.g., a
metal, an iron-based material, or other suitable ferromagnetic material), or combinations
thereof.

[0065] The stent 700 may be removed from the ureter 702 using a retrieving device
768. In an embodiment, the retrieving device 768 may include a catheter. A portion of
the retrieving device 768 configured to contact the stent 700 may include a second
magnetically attractable structure 770. In an embodiment, the second magnetically
attractable structure 770 may include at least one magnet, at least one magnetically
attractable material, or combinations thercof. When the second magnetically attractable
structure 770 is positioned at least proximate the first magnetically attractable structure
766, the magnetic attraction between the first magnetically attractable structure 766 and
the second magnetically attractable structure 770 may pull the stent 700 towards the
retrieving device 768. For example, when the second magnetically attractable structure
770 contacts the first magnetically attractable structure 766, the magnetic attraction
between the first magnetically attractable structure 766 and the second magnetically
attractable structure 770 may be sufficiently strong to allow the stent 700 to be removed
from the ureter 702 by applying a pulling force to the retrieving device 768 away from the
kidney 716.
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[0066] In an embodiment, the first magnetically attractable structure 766 and the
second magnetically attractable structure 770 may both include a magnet. In such an
embodiment, the polarity of both magnets may be oriented such that, when both magnets
are in close proximity or are in contact, the magnetic attraction therebetween is
sufficiently strong to remove the stent 700.

[0067] FIG. 7C is a flow diagram of a method 775 of retrieving the stent 700 from
the ureter 702 using the first magnetically attractable structure 766, according to an
embodiment. The patient may already have the stent 700, including the first magnetically
attractable structure 766, at least partially positioned in the patient’s ureter 702. In act
777, the method 775 includes inserting the retrieving device 768 into the patient. In act
779, a practitioner (e.g., a doctor) may position the second magnetically attractable
structure 770 of the retrieving device 768 proximate to the stent 700. In act 781, the
practitioner may contact the second magnetically attractable structure 770 of the
retrieving device 768 to the first magnetically attractable structure 766 of the stent 700.
In act 783, the practitioner may pull the retrieving device 768 to remove both the
retrieving device 768 and the stent 700.

Insertion

Measurable Guidewire Embodiments

[0068] The length of a ureter may vary depending on, for example, the age and sex of
the patient. In an embodiment, at least one of the first retaining structure or the second
retaining structure may include a retaining structure that enables the stent to adjust a
length thereof. For example, at least one of the first retaining structure or the second
retaining structure may include a curled retaining structure. Alternatively, the stent may
be configured to be cut to length. However, some stents may not include retaining
structures that enable the stent to adjust the length thereof and/or may contain structures
that prevent the stent from being cut to length. As such, the specific length of the stent
may need to be known prior to inserting the stent into the patient.

[0069] FIGS. 8A and 8B arc schematic illustrations of a guidewire 872 that is at least
partially positioned in the kidney 816, according to an embodiment. The guidewire 872
may include a distal tip 874 configured to be positioned in a kidney 816. In an
embodiment, the guidewire 872 includes a plurality of marker structures 876, such as
radiopaque marker structures. The distance between each of plurality of marker
structures 876 may be known. For example, the distance “a,” “b”, “c”, etc. may be

known. In an embodiment, the distance between each of the plurality of marker



10

15

20

25

30

WO 2015/157467 PCT/US2015/025003
18

structures 876 may be the same, (i.e. a=b=c). The plurality of marker structures 876 may
be visualized using standard visualization techniques. For example, each of the plurality
of marker structures 876 may be visualized by a practitioner using fluoroscopy or other
imaging technique. As such, the practitioner may use the guidewire 872 to measure the
urcter 802 (e.g., the length of the ureter 802) or ureter 802 adjacent structures (e.g., the
width of a portion of the kidney 816 to receive the first end 810). The practitioner may
use the measurements to select a stent 800 exhibiting an appropriate length. The stent
800 exhibiting an appropriate length may include less excessive material that may irritate
a trigone 830.

[0070] In an embodiment, the stent 800 may be at least partially positioned in the
ureter 802 using the guidewire 872. For example, the stent 800 may include an elongated
member 704 having a structure (e.g. a lumen 820), that may receive the guidewire 872.
For example, the stent 800 may be threaded onto the guidewire 872. The stent 800 may
then be inserted into the patient and positioned using the guidewire 872.

[0071] FIG. 8C is a flow diagram of a method 875 of using the guidewire 872,
according to an embodiment. In act 877 of the method 875, a practitioner may insert the
guidewire 872 into the ureter 802. For example, portions of the guidewire 872 may be
inserted into the urethra 842, through bladder 818 and into the ureter 802. In act 879, the
practitioner may position the distal tip 874 of the guidewire 872 into the kidney 816. The
act 881, the practitioner may visualize the guidewire 872 using a standard visualization
techniques. For example, the practitioner may visualize the plurality of marker structures
876 using fluoroscopy or other suitable imaging technique. In act 883, the practitioner
may measure the ureter 802 using the plurality of marker structure 876. Additionally, the
practitioner may measure ureter 802 adjacent structures, such as portions of the kidney
816. In act 885, the practitioner may select an appropriately sized stent at least partially
based on the measurements from act 883. The practitioner may select the length using the
measurements obtain in act 883. For example, the practitioner may select the stent 800
exhibiting a length sufficient to have the first end 810 positioned in the kidney 816 and
the second end 812 positioned in the bladder 818. Alternatively, the practitioner may
select the stent 800 exhibiting a length sufficient to have the first end 810 positioned in
the kidney 816 and the second end 812 positioned in the ureter 802. In act 887, the
practitioner may position the stent 800 on the guidewire 872. In act 889, the practitioner

may advance the stent 800 on guidewire 872 into position in the ureter 802. After the
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stent 800 is positioned in the ureter 802, the practitioner may remove the guidewire 872
from the patient.

Coatings

Anti-bacterial Coating Embodiments

[0072] Any of the embodiments disclosed herein may include a first coat applied to at
least a portion of the stent. For example, one or more of the elongated member, the
lumen, the first retaining structure, or the second retaining structure may have the first
coating applied thereto. In an embodiment, the first coating may include anti-bacterial
coating. The anti-bacterial coating may include a metal, such as gold, palladium, silver,
alloys thereof, and combinations thereof. Compared to an uncoated stent, the anti-
bacterial coating may reduce the likelihood of infection caused by the stent. The anti-
bacterial coating may be applied to a stent configured to be used during an extended
period. In an embodiment, the first coating may include ions and/or molecules to be
released by the first coating into the surrounding environment. The ions and/or molecules
may be configured, for example, to decrease the likelihood of infection caused by the
stent. In an embodiment, the first coating may be configuring to not interfere with the
operation of one or more components of the stent. For example, the first coating may be
configured to not inhibit the movement of the collar structure 454 shown in FIG. 4B.
[0073] The first coating may have a second coating applied thereto. In an
embodiment, the second coating may be configured to protect the first coating. For
example, the second coating may include a hydrogel. In another embodiment, the second
coating may transport ions or molecules from the first coating into the environment.
[0074] The present invention may be embodied in other specific forms without
departing from its spirit or essential characteristics. The described embodiments are to be
considered in all respects only as illustrative and not restrictive. The scope of the
invention is, therefore, indicated by the appended claims rather than by the foregoing
description. All changes that come within the meaning and range of equivalency of the

claims are to be embraced within their scope.



10

15

20

25

30

WO 2015/157467 PCT/US2015/025003
20

CLAIMS
We claim:
1. An ureteral stent, comprising:
an eclongated member defining a drainage lumen, the elongated member including:
a first end including a first retaining structure and one or more openings in
fluid communication with the drainage lumen, the first end for positioning in a kidney;
and
a second end spaced longitudinally from the first end, the second end
including a second retaining structure and one or more openings in fluid communication
with the drainage lumen, the second retaining structure configured to irritate a trigone of a
bladder less than a curled retaining structure.

2. The ureteral stent of claim 1, wherein the elongated member exhibits a
length such that the first end can be positioned in the kidney when the second end is
positioned within a ureter.

3. The ureteral stent of claim 1, wherein the elongated member exhibits a
length such that the first end can be positioned in the kidney when the second end is
positioned in a bladder.

4. The ureteral stent of claim 1, wherein the elongated member is configured
to substantially prevent urine reflux.

5. The ureteral stent of claim 1, wherein the second retaining structure
includes a sponge structure, the sponge structure including at least one of a sponge or a
material that absorbs moisture.

6. The ureteral stent of claim 5, wherein the sponge structure exhibits a shape
configured to aid in removal of the elongated member from a subject.

7. The ureteral stent of claim 1, wherein the second retaining structure
includes a flare structure, wherein the flare structure includes at least one of one or more
flaps, one or more barbs, or one or more tabs.

8. The ureteral stent of claim 7, further comprising a collar structure
configured to move along the clongated member, the collar structure configured to
compress the flared structure.

9. The ureteral stent of claim 8, wherein the collar structure includes a string
attached thereto configured to move the collar structure along the elongated member

towards the second end.
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10. The ureteral stent of claim 1, wherein the second retaining structure
includes a balloon structure, the balloon structure including a balloon.

11.  The ureteral stent of claim 10, further comprising an inflation tube
configured to conduct a fluid into the balloon structure that inflates the balloon.

12. The ureteral stent of claim 1, wherein the second retaining structure
includes a suture structure, the suture structure including at least one suture and a
structure that allows the suture to attach to the stent.

13. The ureteral stent of claim 1, wherein the second end exhibits a weight
that is greater than any other portion of the elongated member having substantially the
same length.

14.  The ureteral stent of claim 1, wherein the elongated member is coated with
a material selected from gold, palladium, silver, alloys thereof, and combinations thereof.

15. The ureteral stent of claim 1, wherein the second end includes a
magnetically attractable structure, wherein the magnetically attractable structure includes
at least one of a magnet or a magnetically attractable material.

16.  The ureteral stent of claim 1, wherein the first retaining structure and the
second retaining structure are substantially the same.

17. A method of inserting a stent into a ureter, the method comprising:

inserting a distal tip of a guidewire into a bladder and up the ureter, the guidewire
including a plurality of marker structures having a known length between the each of the
marker structures, the plurality of marker structures configured to be visualized by a
practitioner using a visualization technique;

positioning the distal tip of the guidewire into a kidney that is drained by the
urcter,

visualizing the plurality marker structures using the visualizing technique;

measuring a length of the ureter using the plurality of marker structures;

selecting a stent including a first end and a second end spaced longitudinally from
the first end, the stent having a length selected to have a first portion of the stent
positioned in the kidney and a second portion positioned in the ureter, the first portion
includes the first end;

positioning the stent on the guidewire; and

advancing the stent on the guidewire until the first portion of the stent is

positioned in the kidney and the second portion of the stent within the ureter.
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18.  The method of claim 17, further comprising securing the stent in position
using a first retaining structure and a second retaining structure, the first end includes the
first retaining structure and the second end includes the second retaining structure, the
first retaining structure configured to prevent the stent from moving towards the bladder
and the second retaining structure configured to prevent the stent from moving towards
the kidney.

19.  The method of claim 17, wherein selecting a stent including a first end and
a second end spaced longitudinally from the first end includes selecting the stent to have a
length selected to have the first portion of the stent positioned in the kidney, the second
portion positioned in the ureter, and a third portion positioned in the bladder, the third
portion includes the second end.

20. A method of retrieving a stent positioned in a ureter, the method
comprising:

providing a stent at least partially positioned in the ureter, the stent include a first
end and a second end spaced longitudinally from the first end, the first end positioned at
least proximate to a kidney, the second end including a first magnetically attractable
structure;

inserting a distal end of a retrieval device into a bladder, the retrieval device
having a second magnetically attractable structure at or near the distal end thereof;

positioning the distal end of the retrieval device at least proximate to the second
end of the stent such that the first and second magnetically attractable structures are
magnetically attracted to each other; and

applying a pulling force to the retrieving device to retrieve the stent from the
ureter.

21. The method of claim 20, wherein the ecach of the first and second
magnetically attractable structures includes at least one member selected from a magnet

and a magnetically attractable material.
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International application No.
INTERNATIONAL SEARCH REPORT PLT/US2015/025003
BoxNo.ll Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. Claims Nos.: 17-21

because they relate to subject matter not required to be searched by this Authority, namely:

see FURTHER INFORMATION sheet PCT/ISA/210

2. |:| Claims Nos.:

because they relate to parts of the international application that do not comply with the prescribad requirements to such
an extent that no meaningful international search can be carried out, specifically:

3. |:| Claims Nos.:

because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No.lll Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This Internaticnal Searching Authority found multiple inventions in this international application, as follows:

see additional sheet

—_

As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

)
[>]

As all searchable claims could be searched without effort justifying an additional fees, this Authority did not invite payment of
additional fees.

3. |:| As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4. |:| No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

Remark on Protest The additional search fees were accompanied by the applicant's protest and, where applicable, the
payment of a protest fee.

The additional search fees were accompanied by the applicant's protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

I:l No protest accompanied the payment of additional search fees.
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FURTHER INFORMATION CONTINUED FROM PCT/ISA/ 210

This International Searching Authority found multiple (groups of)
inventions in this international application, as follows:

1. claims: 1-16
Ureteral stents with a first and second retaining structures
wherein the second retaining structure is configured to
irritate a trigone of bladder less than a curled retaining
structure.

1.1. claims: 1, 3, 16

Ureteral stents wherein the second end is positioned within
the bladder.

1.2. claim: 2

Ureteral stents wherein the second end is positioned within
the ureter.

1.3. claim: 4
Ureteral stents preventing urine reflux.
1.4. claims: 5, 6

Ureteral stents stents wherein the second retaining
structure comprises a sponge structure.

1.5. claims: 7-9

Ureteral stents wherein the second retaining structure
comprises a flare structure.

1.6. claims: 10, 11

Ureteral stents wherein the second retaining structure
comprises a balloon.

1.7. claim: 12

Ureteral stents wherein the second retaining structure
comprises a suture.

1.8. claims: 13-15

Ureteral stents wherein the second retaining structure
comprises a magnet.
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FURTHER INFORMATION CONTINUED FROM PCT/ISA/ 210

Continuation of Box II.1

Claims Nos.: 17-21

Rule 39.1(iv) PCT - Method for treatment of the human or animal body by
surgery The methods of inserting a stent into a ureter and of retrieving
a stent from a ureter claimed in claims 17-21 comprise the step of
inserting a distal tip of a guidewire or of retrieval device into a
bladder. These methods are thus surgical methods.
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