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t he | nvent i on This application relates to ureteral stents. 5
Bdckground of the Invention Ureteral stents are used to assi st
urinary drai nage fromthe kidney to the bladder in patients with

ureteral obstWQ8¥I8¥ or injury, or to protect the i nt egr PET/USIE/ITTRS
ureter in a variety of surgical

URETERAL STENT WITH SMALL BLADDER TAIL(S)
Field of the Invention
This application relates to ureteral stents.
5 B e Inv

Ureteral stents are used to assist urinary
drainage from the kidney to the bladder in patients with
ureteral obstruction or injury, or to protect the
integrity of the ureter in a variety of surgical

10 manipulations. More specifically, stents may be used to
treat or avoid ureter obstructions (such as ureteral
stones or ureteral tumors) which disrupt the flow of
urine from the kidneys to the bladder. Serious
obstructions may cause urine to back up into the kidneys,

15 threatening renal function. Ureteral stents may also be
used after endoscopic inspection of the ureter.

Ureteral stents typically are tubular in shape,
terminating in two opposing ends: a kidney (upper) end
and a bladder (lower) end. The ends may be coiled in a

20 pigtail or J-shape to prevent the upward or downward
migration of the stent, e.g., with physiological
movements. The kidney coil is designed to retain the
stent within the renal pelvis of the kidney and to
prevent stent migration down the ureter. The bladder

25 coil sits in the bladder and is designed to prevent stent
migration upwards toward the kidney. The bladder coil is
also used to aid in retrieval and removal of the stent.

Ureteral stents, particularly the portion
positioned in the ureter near the bladder and inside the

30 bladder, may produce adverse effects including blood in
the urine, a continual urge to urinate, strangury, and
flank pain accompanying reflux of urine up the stent
(e.g., when voiding) as pressure within the bladder is
transmitted to the kidney. In short, stents may cause or
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of urine from the kidney (renal pelvis) to the bladder.
Figure 12 depicts prior art indwelling ureteral stent 10

10 in position. Such stents are typically made of
biocompatible plastic, coated plastic, or silicone
material. Tube 12 typically varies in size from 4-8 fr.
(mm in circumference), and it has multiple small holes
throughout its length. A coiled shape pre-formed at each

15 end 14 and 16 is designed to confine its movement within
the urinary sYstem, so that it will be maintained in the
desired position. The upper (kidney) end 14 of the stent
may be clbsed or tapered, depending on the method of
insertion (e.g., the use of a guidewire). The tubular

20 stent extends through the ureteral orifice 18a and into
the bladder, fixing orifice 18a open, and thereby
enhancing the opportunity for reflux. For clarity, the
ureter entering bladder 20 through orifice 18b is not
shown. A nmonofilament thread 22 may be attached to the

25 bladder end of the stent for removal, usually without
cystoendoscopy.

U.S. Patent No. 4,531,933 ("the ‘933 patent")
discloses a ureteral stent having helical coils at each
end which are provided for preventing migration and

30 expulsion. '
Summary of the Invention

We have discovered a ureteral stent design that
avoids patient discomfort and urine reflux upward toward
the kidney. Rather than rely on a tubular structure to

35 contain and facilitate all (or, in some embodiments, any)
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(e.g., when voiding) as pressure within the bl adder is transmtted to
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significant patient disconfort and serious medi cal probl ens.

10 is a schepmatic_draw ng of
show ng the WO 7704 pelvis, the kidney, the ureter, and t HEIR/LT%

orifices opening into the bladder. Figure 11 depicts a typi cal do
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urine flow along the ureter, the invention features a
thin flexible elongated tail member having an elongated
external urine-transport surface. Urine flows along the
outside surface of the structure, between that surface
and the inside wall of the ureter. Without limiting
ourselves to a specific mechanism, it appears that urine
may remain attached to, and flow along, the external
urine transport surface. The use of a foreign'body that
is as small as possible in the lower (bladder) end of the
ureter and in the bladder itself decreases patient
discomfort. Typically, the external urine transport
surface is sized and configured to extend along at least

‘part of the ureter near the bladder, across the

ureter/bladder junction, and from there through the
ureteral opening into the bladder.

While most or all of the length of the stent may
rely on such an external surface to assist flow, more
typically the stent will also include an upper elongated
tubular segment to transport urine along a significant
portion of the upper ureter. The upper tubular segment
is connected at its lower end to an elongated tail which
has the above described external urine-transport surface.
The upper tubular segment comprises: a) an upper region
having at least a first opening; b) a lower region having
at least a second opening to be positioned in the ureter
outside the bladder, and c) a central lumen connecting
the first opening to the second opening. The elongated
tail is a thin flexible tail member or filament(s)
extending from the lower region of the tubular segment at
a point outside the bladder so as to receive urine from
the second opening of the tubular segmeht and to
transport urine along the ureter from the lower region of
the tubular segment across the ureter/bladder junction
and into the bladder. Typically, but not exclusively,
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the human urinary tract without a stent,
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advantageously, the tail comprises nc unlooped filaments,

so that the tail is free from loose ends. The loop(s)

can be made by joining the ends of a single filament, in

10 which case the filament loop comprises a junction of
individual filament ends, which junction typically is
positioned at the point where tail joins to the elongated
tubular segment. Preferably, the tail is long enough to
effectively prevent migration of the entire tail into the

15 ureter, and the tail has a smaller outer diameter than
the outer diameter of the tubular segment.

The tubular stent segment is stiff enough to avoid
crimping during insertion through the ureter, so that it
can be inserted by typical procedures. The tail, on the

20 other hand, is extremely flexible (soft) in comparison to
the tubular segment, and it has a much smaller diameter
than the tubular segment to avoid discomfort. Even gquite
thin structures will provide urine transport, and the
thinner and more flexible the tail is, the less likely it

25 is to cause patient discomfort. On the other hand, the
tail (and its connection to the rest of the stent) should
have sufficient strength so the stent can be retrieved by
locating the tail in the bladder and pulling on the tail
to retrieve the stent from the kidney and ureter.

30 Details of the tail size are discussed below. The use of
reinforcing materials (e.g., sutures as described below)
permits the use of thinner tails while still providing
the ability to locate the tail in the bladder and to
retrieve the stent. The tail may be a suture, and the

35 suture may be coated to avoid encrusting.
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‘The external urine-transport surface of the tail
can be convex (circular or oval in section), concave or
flat. The tail filament may be fluted. The tail may,
but need not, include an accurately shaped anchor segment
5 to control migration up the ureter. The tail may be
either so0lid or hollow; even when hollow, it is not
designed to transport a significant amount of urine
internally. The tail may also be tapered.
The upper region of the tubular segment may have a
10 portion designed for'placement in the renal cavity, which
portion has enlarged diameter and/or straight sides and
corners. The stent may include an extractor thread
attached to the lower end of the elongated tail member.
To make the stent, the tail may be molded in one
15 piece with the tubular segment, or it may be made
separately and attached to the bladder end region of the
tubular segment at a point toward the kidney from the
bladder end of the lower region of the tubular segment.
In one specific embodiment, the tail is attached near or
20 at the bladder end of the bladder end region of the
tubular segment. The stent may include a suture securing
the tail to the tubular segment, and the suture may be
incorporated into the tail to impart strength to the tail
so the tail may be used to retrieve the stent. If the
25 tail includes a hollow lumen, the suture may be
positioned inside that lumen. The suture may be attached
to the tubular segment at a point in the bladder end
region of the tubular segment, and the suture may extend
from the point of attachment through an opening in the
30 bladder end region to the céntral lumen of the tubular
segment and from there to the hollow tail.
Alternatively, at least the bladder end:region of the
tubular segment may include two 1umens,'a main urine-
transporting lumen and a bladder lumen to encase the
35 suture, so that the suture does not become encrusted.
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upper region. In other words, the maximum diameter may
be at the site of the injury to encourage a sufficiently
10 large inner diameter in the repaired structure, and the
tubular segment’s outer diameter may decrease moving away
from that point of maximum diameter to sections of the
normal ureter that are not in need of a broad support
structure. Typically, the outer diameter of the upper
15 end of the tubular segment will be greater than the outer
diameter of the bladder end. The upper region may
include multiple openings (inlets).
In an alternative embodiment, the elongated
external urine-transport surface is a continuocus surface
20 extending from the kidney to the bladder, e.g., it is the
outer surface of a solid member extending from the kidney
to the bladder.
Another aspect of the invention features a method
of introducing a ureteral stent (described above) into a
25 patient, by (a) positioning the kidney end region of the
tubular segment within the renal pelvis; and (b)
positioning the elongated flexible member(s) in the
bladder.
Yet another aspect of the invention features a
30 method of manufacturing a ureteral stent as described
above. The method comprises: (a) providing a polymer
pre-form having a tubular shape; (b) forming an elongated
tubular stent segment from the polymer'pré-form, and (c)
providing tail member(s) at an end region of the tubular
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t he tubul ar segnent is configured and
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segment designed to be positioned toward the patient’s
bladder.

As described in greater detail below, the stent
may be manufactured from a polymer form having a tubular

5 shape by forcing the form onto a mandrel to produce the
desired three dimensional shape (coils, etc.). The
elongated tubular member(s) is attached to one end of the
tubular member(s) using sutures as described above. Heat
treatments to fuse the structures and/or standard

10 adhesives may be used. Alternatively, the tubular
member(s) and the elongated member constitute a one-piece
stent.

The use of relatively thin, flexible elongated
member (s) to assist urine flow across the ureterovesical

15 junction and into the bladder may reduce reflux and
irritation and thereby reduce patient discomfort and
medical problems associated with ureteral stents.

Other features and advantages of the invention
will appear from the following description of the

20 preferred embodiment, and from the claims.
escri on of e Dr s

Figure 1 is a side view of a ureteral stent with a
central portion of the tubular segment omitted.

Figure 2 is a cross-sectionél view along line 2-2

25 in Figure 1.

Figure 3 is an enlarged side-view of a portion of
the ureteral stent in Figure 1.

Fiqure 4A is a view of an alternate embodiment of
the stent in Figure 1, and Figure 4B is a section taken

30 along 4B-4B of Figure 4A.

Figures 5A and 5B are schematic representations of
another stent according to the invention, depicted in
place.

Figqures 6A-6D depict alternative cross-sections of

35 the tail of a stent according to Figure 5.



sized for placenent in the renal cavity. Typical ly the el ongated

tail nmenber conprises at | east one (and nore preferably at |east two)
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at | east one filanment |oop, and, advant ageously, the tail conprises no
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Figure 8A is a detail of the connection between
the tail and the extraction thread.

10 Figure 8B is a cross-section of threads of
differing softness, showing the effect of compression on
interstitial space.

Figure 9 shows an alternative embodiment of the
stent.

15 Figure 10 is a schematic drawing of the human
urinary tract without a stent, showing the renal pelvis,
the kidney, the ureter, and the ureteral orifices opening
into the bladder.

Figure 11 depicts a prior art double-J stent
20 outside the body.
Figure 12 depicts a prior art J indwelling
ureteral stent in position.
Desc ion of the ef e odiments
In Figure 1, ureteral stent 100 includes an

25 elongated tubular body 130 connecting coil end 140 to
straight end region 120. Tubular body 130 is designed to
extend from the renal pelvis through the ureter to a
terminus upstream of the bladder. Tail 110 is attached
to straight end region 120, and tail 110 extends along

30 the ureter, across the ureter/bladder junction and into
the bladder.

The two opposing end regions 120 and 140 of
elongated tubular body 130 are illustrated in Figure 1.
Coiled end region 140 is designed to be placed in the
35 renal pelvis of the kidney. For illustrative purposes,
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the stent can be retrieved by | ocating the tail in the bl adder and
pulling on the tail to retrieve the stent fromthe kidney and ureter. 30
Details of the tail size are discussed below. The use of rei nforcing
materials (e.WO9d1Mres as descri bed bel ow) pernits the RETASIITIS nrier
tails while still providing the ability to locate the tail in the

bl adder and to retrieve the stent. The tail may be a suture, and the 35
suture may be coated to avoid encrusting- 9 - WO 97/ 17094
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coiled end region 140 is shown with a pigtail helical

coil although any shape that will retain the stent in
place within the kidney will do. Coiled end region 140
includes several openings 125 placed along the wall of

5 the tubular body; the openings may be arranged in various
geometries (e.g., axial, circumferential, spiral). The
entire tubular segment, including the region between the
kidney and the bladder end regions, may include
additional openings.

10 The bladder end region 120 of the tubular stent
segment is designed to terminate in the ureter, upstream
of the bladder. For purposes of further description, the
end region of stent 100 received in the kidney will be
designated the kidney end and the opposite end of stent

15 100 toward the bladder will be termed the bladder end.

Figure 2 is a cross-sectional view of stent 100 of
Fig. 1. In Fig. 2, elongated tubular body 130 has
annular walls 250 having an inner and outer diameter.
The outer diameter of tubular body 130 may be

20 substantially uniform throughout much of the length of
the tube, or it may taper from a relatively short region
of larger diameter (the site of the repair, where there
is a risk that the healing process will substantially
restrict flow in the lumen) to a region of generally

25 small diameter. The precise configuration may depend on
the ureteral defect being corrected. Just one of the
many classes of procedures that can benefit from the
stent are endopyelotomies -- procedures for treating
ureteropelvic junction (UPJ) obstruction by an incision

30 which perforates the ureter at the stricture. In these
and other procedures, the stent keeps the ureter lumen
open during the healing process, so that the inner
diameter of the resulting healed structure is adequate.
The section of the tubular segment at the defect is large

35 enough to support growth of repair tissue having an
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or oval in section), concave or flat. The tail filament may be fl uted.
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5 guidewire. For example, the outer diameter of the
bladder end region of the tubular segment typically is
2Fr.=-12Fr. Preferably the outer diameter of tubular body
130 is greatest at the ureteropelvic junction obstruction
but begins to taper approaching each end. Alternatively,

10 for a patient with an upper ureteral obstruction, the
upper (kidney) portion of the tubular member 130 may be
uniform in diameter, tapering just in the lower (bladder)
portion.

Tubular member 130 defines a central lumen or

15 passageway 260, extending from kidney end region 140 to
bladder end region 120. The inner diameter of lumen 260
is sufficient to permit passage over a guidewire.
Tubular body 130 may also have openings 125 extending
through its walls 250 to facilitate the flow of urine

20 from the kidney into central lumen 260 and openings 127
to facilitate flow out of central lumen 260.

In Fig. 3, the outer diameter of elongated tubular
body 130 tapers near bladder end region 120. The outer
diameter of bladder end region 120 may be made as small

25 as possible while maintaining the ability to pass over a
guidewire. Elongated tubular body 130 may (but need not
be) substantially straight in bladder end region 120,
i.e. it does not coil or curve in the absence of external
force. When tail 110 is a single filament, it typically

30 is thinner than even the smallest portion of bladder end
region 120 of the tubular stent segment. Alternatively,
it may be desirable to design the tail from multiple
filaments, each of which, by itself, is much thinner than
the bladder end region of the tubular stent segment.

35 Together, such a multi-filament tail has a larger
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and the suture may be i ncorporated into the tail to inpart strength to
the tail so the tail may be used to retrieve the stent. If the 25 tai

I ncludes a hollow | unen, the suture may be positioned inside that |unen.
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bl adder end region of the tubular segnment, and the suture nay extend
fromthe point of attachnment through an opening in the 30 bl adder end
region to the central |unmen of the tubukagir - segnent and fromthere to the
hol | ow tail . Al'ternatively, at |east the bladder end region of the
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becone encrust%ge end of region 120, and it extends from that
attachment into the bladder. Tail 110 is either solid or

5 hollow. It can be generally cylindrical in shape;
alternatively, it can be fluted, concave {(quarter-moon)-
shaped or it may assume other shapes.
The tail can have an outer diameter that is
significantly less than the inner diameter of the ureter |

10 (typically 2-5mm) and no greater than the outer diameter
of the tubular segment from which it extends. For
example the tail diameter is less than 10Fr. and as low
as a suture (about 0.5Fr). Preferably the tail diameter
is between 2Fr. and 4Fr. The length of tail 110 is

15 preferably between 1 and 100cm. In one embodiment, the
tail is long enough so that at least a portion of it will
remain in the bladder, and effectively the entire tail
cannot migrate up into the ureter. Preferably the length
is between 1 and 40cm. Tail 110 is flexible and, upon

20 application of force, can be curved, but also has memory
such that when the force is removed, it is generally
straight.

Stent 100, including tail 110 and tube 130, may be
a single unit. Thus, tail 110 can be a unified piece,

25 extending from bladder end region 120 with no additional
attachment means. Alternatively tail 110 can be secured
to elongated tube 130 or bladder end region 120 by
rhysical or mechanical methods.

For example, in Fig. 4A, a suture 415 is inserted

30 through an opening 418 in the tubular member and then
threaded through the lumen 417 of tubular member 430. In
Fig. 4B, tail 410 is a hollow member having suture 415
threaded through its inner lumen 412.

Fig. 5 is a schematic of another stent 510. The

35 Kidney end A of the stent has a pre-formed memory bend,
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: ‘s ' vi_.ng awa
from that pol nbooroRE T shRsfe: KEUBRE eBRA ore tiaraer AIAEPER: ot or
that are not i¥Freatangwian ty dwedps pypvent upwardasivmlllyasi datvhyard he out er
di aneter of thetenpaiigratith.Of Eneat HRY! B¢ SEHEMorViabegadtgat er than
the outer accommodate various insertion technigues. For the upper
5 portion (a--B) of the stent, diameter, lumen size,
perforations and materials are conventional. The lower
end 514 of the tubular stent segment ends at B. The
distance A--B could vary depending on the patient’s
anatomy. At B, the stent is tapered (or at least smooth
10 and constant in diameter).
Two or more monofilament or coated (plastic or
silicone) threads 516 exit from the lumen or from the
stent wall. These threads only partially fill the ureter
and are as flexible (soft) as possible. Typically, they
15 are cut to a length which forces confinement within the
bladder.
The portion of the upper segment 512 lying within
the renal pelvis (e.g, from the kidney end of the stent
to point A) is expanded so that it is larger in section,
20 and it may even be oval or rectangular in cross-section,
to help prevent upward as well as downward stent
migration. The kidney end of the stent may be closed
and/or tapered to accommodate the desired insertion
technique. The upper portion 512 is made of a relatively
25 stiff material (among the materials currently used in
ureteral stents), and it should be designed to
effectively restrict the motion of the stent to prevent
proximal as well as distal migration of the catheter
during normal physiological activity (required because
30 the lower pre-formed portion is deleted). The length of
the straight portion of the upper segment (Fig. SA point
A to B) will vary with patient size and anatomy. In the
preferred configuration, the upper segment extends more
than halfway down the ureter when in proper position.
35 The lowest end of the upper segment (Fig. 5A point B)



di aneter of the bladder end. The upper region may include nultiple

opeptags—tintets)y—————— —Hramratternattvye—enbodi nent, the—etongatedt———
external urine-transport surface is a continuous surface 20 extending from

the kidney to the bl adder, e.g., it is the outer surface of a solid

menber extending fromthe kidney to the bl adder. Anot her

aspect of the A4 on features a nethod of introducingpﬁ:T

stent (described above) into a 25 patient, by (a) positioning the kidney

end region of the tubul ar segnment within the renal pelvis; and (b)
positioning the elongated fl exi ble nmenberf{s3)-in the bl adder .

Yet anot her aspect of the invention features a 30 nethod of manufacturing a
ureteral stent shouddsbei bapered syohevelnd ket fagitipke sddhdrayadsovi ding a

pol yner pr e cthleFwise), Nehé 1ipper Fegmeareis(R)tyPiddNgGtenteliangat ed _
menber (s) at afiBRECPEy BREETEATE S, gpaps. o' and (€ providing tall

The lower segment (Fig. 5A point B to point C)

5 consists of two or more (e.g four) monofilament, plastic
coated or silicone coated threads (shown in section in
Fig. 5B) which extend from the lumen or sidewall of the
lower end of the upper segment (Fig. 5A point B) along
ureter 513 into the bladder. These threads are extremely

10 flexible, and their diameter is selected to maintain a
passage for urine flow and yet drastically reduce bladder
and ureteral irritation. By avoiding distortion of the
ureter wall, the threads may inhibit urinary reflux as
well. The threads should be long enough tc reach well

15 into the bladder (Fig. 5A point C), but not so long as to
wash into the urethra with voiding. One thread 518 (or
two or more threads in a loop) may be long enough to exit
through the urethra (Fig. 5A point B to point D) to
permit ready removal by pulling (avoiding

20 cystoendoscopy).

These extended threads may also be used for stent
exchange, in which a second catheter is exchanged for the
catheter already in place. According to that procedure,
these extended threads are captured with a snare that has

25 been inserted through the central lumen of a second
catheter. The snare is used to pull the threads through
the lumen as the second catheter is advanced into the
ureter. A guidewire is then inserted through the central
lumen of the second catheter to the kidney (outside the

30 first catheter’s tubular body). The first stent is then
removed by pulling on the threads, leaving the guidewire
in position for placement of a new stent using standard
techniques.

Figs. 6A-6D are alternative cross sectional

35 sketches (taken at the same location as Fig. 5B) of some
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-7- segnent designed to be positioned toward the patient's bl adder
As described in greater detail below, the stent may be manufactured from
a polymer form having a tubular 5 shape by forcing the formonto a mandrel

to produce thgoeysesi red three dinmensional shape (coils, et The
el ongated tubul ar nenber(s) is attached to one end of the éﬁﬁﬁﬁﬁ@ﬁws

menber (s) using sutures as descri bed above. Heat treatnments to fuse the
structures and/or standard 10 adhesives may be used. Alternatively, the

t ubul ar menber (s) and the el ongated re&ber constitute a one-piece
stent.

possible arrays of threads passing within the lower
ureter 517. Multiple threads 516 (2 and 4, respectively)
are shown in Figs. 6A and 6B. A substantially similar
conduit could be achieved by fluted type cross sections
5 in a single filament'Figs. 6C and 6D). The shapes of
Figs. 6C and 6D could also be effective in reducing
stiffness and hence irritability at the bladder end
(i.e., lower segment), e.g., in a single filament design.
Multiple threads may have the advantage of better
10 surgical manipulability and superior comfort to the
patient.
Further refinements are described below and in
Figs. 7 and 7A which deal with: a) proximal or upward
stent migration of either the entire stent or individual
15 threads in the lower segment independent of upper segment
movement; b) bunching of one or more threads within the
ureter so as to obstruct flow or cause ureteral injury or
knotting at the time of removal; and c¢) in multi-thread
embodiments, discomfort and/or reduced drainage through
20 the ureter resulting from the use of threads of different
lengths. In Fig. 7, 6 F (F = French size = circumference
in mm) stent is a generally a good size for adult urinary
systems. It is large encugh to provide good drainage and
small enough to minimize local irritation and
25 inflammation of the ureter. 1In this embodiment, the
upper segment need be only a single loop of conventional
size because a change in the design of the lower segment
(see later discussion and Fig. 8) should prevent proximal
migration. The upper segment (Fig. 7 point A to point ¢)
30 is constructed of a relatively firm material because,
during insertion, the pusher tubing should be removed
after the guidewire is removed. This means that there
will be some drag on the threads during removal of the
pusher tubing which could dislodge the stent if the coil
35 (Fig. 7 point A to point B, about 2.5 cm) does not



The use of relatively thin, flexible elongated menber (s) to assist urine

fIem#ae+ﬁss—%he—uﬁe%efeves|ca%—&5—rUﬁe%+eﬁ—aﬁé-+ﬂ%e—%he—bIadde#—nay—#ed&ee

reflux and irritation and thereby reduce patient disconfort and

nmedi cal problens associated with ureteral stents. O her features
and advantages of the invention wi ||l appear fromthe foll ow ng

descripti on NOPHEOYO preferred enbodi nent, and fromthe cl BFRES%/17795

Brief Description of the Draw ngs Figure 1 is a side view of a
ureteral stent with a central portion of the tubular segnent omtted.
Figure 2 is a cross-sectional view along 18nre 2-2 25 in Figure 1.

Figure 3 is an enlarged side-view of a portion of the ureteral stent in
Figure 1. provide mdpauatesresigtanes: of The aditle mayt bectdbered er of

the stent in Fegysed lde ﬁgg%etﬂé ifRséreisd ituthnigee d@sateay 4B-4B of
Fi gure 4A S5A _an ﬂ¥ E%a e sch t|c representatlons of
i

anot her stent éﬁt‘(’)fﬁl?‘n‘ée’?c? il vﬁﬂVﬁ C%%pﬁ"& pl ace.
Fi gures 6A-6D depi ct Figer hapoint & dws podoti snshQﬂJ-@Ehmr% ami| of a stent

accordi ng t g Fagy¥éfmate length of 12 em. This is long enough to
prevent dislocation of the upper segment in a large renal
pelvis and short enough to end well above the point where
the ureter crosses the common iliac vessels. At the
iliac vessels, the ureter takes a fairly sharp turn and
10 the threads will more easily follow the natural curves at
this point. This design should reduce the inflammation
that is normally seen in this region when a conventional
double~J stent is left indwelling on a chronic basis.
The junction of the upper and lower segments at
15 Fig. 7 point C is important. See Fig. 7A, which enlarges
this junction. At point C (Fig. 7) the threads are
attached to the upper segment in a manner that achieves
the following goals: 1) the threads are securely attached
to the upper segment and to each other (at least for a
20 short distance of about 0.8 mm) so that their orientation
to themselves is maintained (to the maintenance of lower
end asymmetry); 2) the threads do not cbstruct the lumen
of the upper segment and they allow for the easy passage
of a standard guidewire (e.g., 0.035 guidewire); 3) the
25 transition diameters in this region closely preserve the
6F standard so that this point can pass in both
directions smodthly throughout the instruments used for
insertion and through the ureter; 4) there is no cause
for a localized ureteral obstruction; and 5) there is an
30 effective abutment for fhe pusher tubing. For an average
size ureter a good starting string diameter for a four
string lower segment (Fig. 7 point C to point E) would be
0.020 inches. A simple monofilament nylon thread is an
easy potential solution but may be too stiff. A more
35 supple monofilament or woven thread with silicone or
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-8 Figure 7 is a schenmatic representation of yet anot her
stent according to the invention, having an extraction thread.

Figure 7A is an enlargenent of a portion of Figure 5 7. Fi gure

8-8 is a scheyRteyfrdogPr €esentation of the stent of Figure J%Mgw he

posi tion. Figure BAis a detail of the connection
tail and the extraction thread.

- 16 =

other coating may be required to achieve minimal
irritability. However, the threads should be
sufficiently resistant to compression so that tissue
generated pressures cannot collapse the interspaces of

5 the threads. See Fig. 8B, showing cross-sections of
threads (left) which retain interstitial space under some
modest compression and of threads (right) which are so
soft that they compress into a plug with reduced
interstitial space. These threads may have centimeter

10 markings beginning at a point no more than 20 centimeters
from point B (Fig. 7) so that functional ureteral and
total stent length may be noted.

The portion of the lower segment which lies within
the bladder when the stent is in proper anatomic position

15 (Fig. 7 point D to point E) is important to both comfort
and function. Proximal migration can be controlled by
using asymmetrical lengths of the thread pairs, with one
pair being 2 cm longer that the other pair, so that the
fused junction of these threads tends to intersect with

20 the ureteral orifice at and angle (e.g., ~90°) with the
stiffened length of 6 mm (see detail Fig. 8B). In the
ideally fitted stent of this embodiment, the thread pairs
will extend beyond the ureteral orifice (Fig. 7 point D)
by 1 cm at the short limb and 3 cm at the long limb.

25 However, this lower segment configuration allows for
considerable tolerance in sizing (unlike unsecured
independent threads which must be selected to have a
length so as to avoid upward migration of the thread
through the ureter orifice) and a chosen length which is

30 1 cm shorter or 2-3 cm longer than the ideal length
should be satisfactory. Using thie configuration the
threads should form a continuous loop of 3.5 cm length to
prevent free ends from poking the bladder wall or
prolapsing through the urethra. Buoyant threads may add

35 to patient comfort, because they will float away from the



10 Figure 8B is a cross-section of threads of differing

softress—shoewrng—the—eff ect --ef—eormpresstoror——tnterstiti aspaee:

Figure 9 shows an alternative enbodi ment of the stent. 15 Fi gure
10'is a schematic drawi ng of the human urinary tract wthout a stent,
showi ng the renal pelvis, t he kidney, the ureter, and the ureteral
orifices opentR§7/17094 nt o t he bl adder. Figure 11 KEE{USPEITZ50r i or
art double-J stent 20 outside the body. Figure 12 depicts a
prior art J indwelling ureteral stent in position.

Description of the Preferred Enbodi nents 17 -~ In Figure 1, uretera

stent 100 includes an 25 el ongated tubul ar body 130 connecting coil end 140
to strai ght teAdonegremiar(ef Ttheubiadgelry where sworisiqfhddet gensoryt end

from the renal pagbyi Eiwfa%he tiateal er at ﬁyﬁlcaltﬁiamln'g‘au@lés‘fﬁ.iaﬁhﬁﬁ t he
bl adder. Tail gﬁg IS att to str% % g n 120, aﬂg i1 110
ext ends al ong FREELPR: re%mgsbfha tg‘é‘ 5&/ ?aﬁ%é T9RE HORPaRE i nto
t he bl adder. the thread1raixau)wn@mbsﬁﬁgaeﬁuitekﬂennul dapeintofor
' 5 removal. :
_ From this embodiment, a small diameter pusher
tubing of 4--4.5 F should be used to aid insertion. Soft
percuflex is near optimal for the lower segment, and firm
or reqular percuflex is used for the upper segment.

10 The bladder end should be easily inserted using
instruments, and it should prevent proximal migration of
the stent. The design of Fig. 7 will avoid tangling and
migration of the stent. Alternativeiy, soft percufley,
for example, has good resistance to extreme flexion at

15 small radii (e.g., even 0.020" diameter) so that a simple
continuous loop extending from the junction of the upper
and lower segments (see Fig. 9) may be adequate to
prevent upward migration. The design of Fig. 9 also has
the advantage of relative ease of manufacture and

20 relative ease of insertion, as well as ease and comfort
of removal.

Other dimensions that can be used (without
limitation) are 12 cm straight portion of the upper
hollow shaft, and 12 cm, 14 cm, or 16 cm length of added

25 loops of soft percuflex. For the 0.020" diameter
material, either 2 or 3 loops may be used providing 4 or
6 strings, total. For 0.040" inch material, either 1 or
2 loops is recommended.

Fig. 9 shows such an alternative embodiment having

30 a simple coil at the kidnéy end. The lower end is
constructed of looped stringlike elements with ends fused
at the junction between the lower and the upper end.
Therefore, there are an even number of string elements,
with no free ends. Circle E in Fig. 9 represents an

35 idealized depiction of the ureteral opening into the



el ongat ed tubul ar body 130 are illustrated in Figure 1. Coi |l ed end
region 140 is designed to be placed in the 35 renal pelvis of the kidney.

For illustrative purposes, WO 97/ 17094

PCT/ US96/ 17795 - 9- coil ed end region
140 is shown wolghyepi gt ai | heli cal coil although any shapfe gﬁ
retain the stent In place within the kidney will do. Coile en reglon
140 i ncl udes several openings 125 placed along the wall of 5 the

t ubul ar body; the openings may be arrangegsin vari ous

bladder. While not shown in Fig. 9, the loops may be
fused over a very short distance at the bladder end in
order to prevent tangling of loops and to improve stent
handling. Any conventional means of fusion may be used.
5 Optionally, organization of the loops can be maintained

by pre-placing them inside the pusher tubing using a long
monofilament nylon loop tail, similar to those used for
the non~invasive removal stents (i.e. without sensor
endoscopy) .

10 Methods for insertion and removal of ureteral
stents are known in the art. Generally, stent placement
is achieved by advancing the tubular stent segment over a
guidewire in the ureter. A pushing catheter passes the
tubular segment into the kidney, while maintaining the

15 tail in the bladder. Other methods such as a stiff
sheath can be used to position the stent. Once in
position, the sheath can be removed.

The tubular portion of the stent may be

manufactured by extruding a tube according to known

20 technigues. The elongated tail may be separately
manufactured by conventional techniques and attached to
the tubular portion, e.g., using biocompatible adhesive
materials or heat. Alternatively, the stent may be made
by injection molding the tube and the tail as a single

25 piece, using a pin to create hollow segments. The stent
may be manufactured from any of a number of biocompatible
polymers commonly used inside the body, including
polyurethane and polyethylene. In still other
embodiments, the entire stent may be solid, so that urine

30 is conveyed entirely on an external stent surface.

What is claimed is:



geonetries (e.g., axial, circunferential, spiral). The ent ih I
Segrant.tnokut g the-t eg onbermeen—she——krner-and: e oI JNIR I
regi ons, may include addi ti onal openings. 10 The bl adderc end n s
region 120 of the tubular stent segnent is designed to termnate in the
ureter, upstream of the bl adder. For purposes of further description,

t he end MYPEHO% stent 100 received in the ki dney wil| PEEUS61TI9S

desi gnated the kidney end and the opposite end of stent 15 100 toward the

bl adder will be terned the bl adder end. Figure 2 is a

cross-sectional view of stent 100 of -~-Heg~-1. In Fig. 2, elongated

t ubul ar body 130 has annul ar wal I's 250 having an |inner and outer

di anet er . The out eit-di akerxetesak shenkr £8509seeting How efsypingntial ly

uni f or m t hr ougRPER i ATUC patfidnte s| apetér adnd irtie thebpatientts Medaddarsr from

a relatively short redqion .of, | arggr. di ‘ ' repair,
where there ® %t?l%s IEFRESHRE ﬁgglﬁlgg rolgggggte\llimgpgb{ég%g%%%l I 5
restrict flowhaving anmdongatesd extewnebuninentyRNFPOLt sHBrfacs aneter. The

preci se confy gufAdd Ghd6ndeReredOofo trifspoftcintine d2bagt theisigrfee ect ed.
Just one of the .U¥Qﬁ¥§C|a ses of procedures that can benefit fromthe
0

stent are endd%@%ﬂ ?xg-eﬁrocedures for treating

2. The stent of claim 1 in which the external
urine transporting surface is sized and configured to
extend along at least part of the ureter, across the

10 ureter/bladder junction, and from there through the
ureteral opening into the bladder.

3. The stent of claim 2 further comprising an
elongated tubular segment attached to said elongated
member, the tubular segment comprising:

15 a) an upper region having at least a first
opening,

b) a lower region having at least a second
opening to be positioned in the ureter outside the
bladder, and

20 c) a central lumen connecting the first
opening to the second opening;

the elongated member being at least one thin
flexible tail extending from the lower region of the
tubular segment at a point outside the bladder so as to

25 receive urine from the second opening of the tubular
segment and to transport urine from the second region
across the ureter/bladder junction and into the bladder.

4. The stent of claim 3 in which the upper
region is configured and sized for placement in the renal
30 cavity.

THIS SHEET HAS BEEN
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ureteropelvic junction (UPJ) obstruction by an incision 30 whi II m “Em"ﬁml”“l
the ureter at the stricture. In these and ot her procedures, “

keeps the ureter |unen open during the healing process, so thatctthe *
I nher di aneter of the resulting healed structure is adequate. The
section of t r segnent at the defect is large 35 en upport
grow h of regglr 'ﬁﬁg‘gue havi ng an WO 97/ 17094 %sg&ﬁ’so ’

~ PCT/ US96/ 17795 : - 10 - - adequat e i nner
di aneter. At other sections of the ureter (e.g., sections not being
surgically repaired), the outer - 20 -

5. The stent of claim 1 or claim 3 in which the
elongated member is a tail comprising at least one thread
filament.

6. The stent of claim $ in which the tail
5 comprises multiple thread filaments.

7. The stent of claim 5 in which the tail
comprises at least one filament loop.

8. The stent of claim 7 in which the tail
comprises no unlooped filaments, so that the tail is free
" 10 from loose ends.

9. The stent of claim 7 in which the filament
loop comprises a junction of individual filament ends.

10. The stent of claim 9 in which the junction of
filament ends is positioned at the point where tail joins
15 to the elongated tubular segment.

11. The stent of claim 6, comprising at least two
filaments loops.

12. The stent of claim 3 in which the elongated
member is softer than the elongated tubular segment.

20 13. The stent of claim 4 in which the upper
region comprises a portion of enlarged dlameter, designed
for placement in the renal cavity.

14. The stent of claim 13 in which the upper
region has an external section having straight sides and
25 corners.

| THIS SHEET HAS BEEN |
This Sheet Has Been RTlaced REPLACED




g: ameter of the tubul a[)azgggent may be far snaller, ex H‘Hm“m yﬂ H“"l“l

di aneter of the bl adder end regi on of the t ubul ar segnent ypl ca MSs
2Fr.-12Fr. Preferably the outer dianeter of tubular body 130 is greatest
at the ureteropelvic junction obstruction but begins to taper
approachi ng e¥OR7EWM Al ternatively, 10 for a patient with gﬁg 1795
ureteral obstruction, the upper (kidney) portion of the tubular nenber
130 may be uni form in diameter, tapering just in the | ower (bl adder)
portion. Tubul ar nenber 130 dedines a central |unen or 15
passageway 260, extending fromkidney end region 140 to bl adder end

regi on 120. The inner 1Si.an®her stént oferel2d® 5 ipswhieh| thetail 1;¥eramt
passage over a SH{:QﬁV‘Hfament Tubul ar body 130 may al so have openings 125
ext endi ng roug Its walls 250 to facilitate the flow of urine 20 from
t he ki dney |nto central lumen 260 and openings 127 to facilitate fl ow
out of central.|lumen 260. The stent of rcl@iig 13 furkhes CARPRESIAS & of

el ongat ed tUbuleggractQPd&'hxje’mi taaRaEheACs Phadr®fercthd o @Rel20. The outer
di anmeter of bla end region 120 may be made as small 25 as possible

whi | e mai nt & nPAGREALEA MeMR]Y +t 5 pass over a

17. The stent of claim 3 in which the external
urine-transport surface is concave.

18. The stent of claim 3 in which the external
urine-transport surface is convex.

10 19. The stent of claim 3 in which the tubular
segment is stiff enough to avoid crimping during
insertion through the ureter.

20. The stent of claim 3 in which the tail and
its attachment to the tubular segment are strong enough
15 to permit retrieval of the stent from the kidney and
ureter by locating the tail in the bladder and pulling on
it.

21. The stent of claim 3 in which the tail
includes an accurately shaped anchor segment to control
20 migration up the ureter.

22. The stent of claim 3 in which the tail is
long enough to effectively prevent migration of the
entire tail into the ureter.

23. The stent of claim 3 in which the tail has a
25 smaller outer diameter than the outer diameter of the
tubular segment.

This Sheet Has Been Replaced THIS SF;-‘EEPELTAEQS BEEN.:.-




gui dewi re. Elongated tubular body 130 nay (but need npt H m
substantial ly straight in bladder end region 120, i.e. Ml Iﬂ IIIH‘I‘I " IIII
or curve in the absence of external force. Wen tail 110 is+a sl ng

filament, it typically 30 is thinner than even the smallest portion of

bl adder end wobpgsn 120 of the tubular stent segnent. el
-1t may be desirable to design the tail fromnultiple fl|gﬁgﬁ%%% ch ‘of

which, by itself, is much thinner than the bl adder end region of the
tubul ar stent segnent. 35 Together, such a nulti-filanent tail has a | arger
WD 97/ 17094 - 22 - PCT/ US96/ 17795

24. The stent of claim 3 in which tail is solid.

25. The stent of claim 3 in which at least part of
the tail is hollow.

'26. The stent of claim 3 in which the outer
5 diameter of the tubular segment decreases approaching the
bladder end region.

27. The stent of claim 3 or claim 26 in which the
tubular member includes multiple openings along its
length.

10 28. The stent of claim 3 in which the outer
diameter of the tubular segment decreases approaching the
kidney end region.

29. The stent of claim 3 in which the kidney end
region includes multiple openings.

15 30. The stent of claim 3 in which the tail is
attached to the bladder end region at a point toward the
kidney with respect to the bladder end terminus of the
bladder end region. :

31. The stent of claim 26 further comprising a
20 suture securing the tail to the tubular segment.

32. The stent of claim 31 in which the suture is
incorporated in the tail to impart strength to the tail.’

33. The stent of claim 32 in which the tail
comprises a hollow lumen and the suture is positioned
25 inside the hollow tail lumen.

- THIS SHEET HAS BEEN.
- REPLAGED |
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- 11 - effective diameter, providing additional bulk whi i

regi on‘. 1:20, and it ext endslf romt hat attachnment i nt(r) the—{)ﬁﬂ!uu*""}mmlu " I!II

120 is either solid or 5 hollow. It can be generally cylindrical in shape;

alternatively, it can be fluted, concave (quarter-noon)- pCH oy it
may assune ot W4 W2bes. The tail can have an oufer ai aneter
that is significantly | ess than the inner dianmeter of the ureter 10
(typically 2-5mm) and no greater than the outer dianeter of the tubular
segnent fromwhich it extends. For ex@Bplke the tail diameter is |ess
than 10Fr. and as | ow as a suture (about 0.5Fr). .Pref ragl the tail

di anet er i s bet weeth 2F Theyfhent, of TRlain 33 AH¥ tE‘fO ?gll

preferably betvaanol,aandléfensuturens attathednte the tubulsx segmenty
enough so that g fli.%%tatﬁ%ﬁo&é’flfi&neg With rbEPBEE & tHE ilaudder . and
effectively the entire tai cannot m dgrate ug I nto t%ga re'.it‘.&ra
Pref erabl y_ t he endheFminups ofcthe dpladdar) end: F29$9P| °F 187 Sl e and,
upon 20 appl sCaidgnien?f, bAACEheCabtinte @irtends howaristhédsladder fron

the point of attachment through an opening in the bladder

end region to the central lumen of the tubular segment

and from there along the inside of the tail.

35. The stent of claim 3 in which at least the
10 bladder end region of the tubular segment comprises
multiple lumens, one of the lumens enclosing the suture
from the point of attachment to the tubular segment to
the terminus of the bladder end region.

36. The stent of claim 1 wherein the elongated
15 external urine-transport surface is a continuous surface
extending from the kidney to the bladder.

37. The stent of claim 36 wherein the elongated
external surface is the outer surface of a solid member
extending from the kidney to the bladder.

20 38. The stent of claim 3 wherein the tubular
member and the elongated member comprise a one-piece
stent.

39. A method of introducing a ureteral stent into

a patient, the stent comprising a) a thin flexible

25 elongated member having an elongated external
urine-transport surface sized and configured to transport
urine along the surface within the ureter; and b) an
elonéated tubular segment attached to said elongated
member, the tubular segment comprising: i) an upper

30 region having at least a first opening, ii) a lower

This Sheet Has Been Replaced THIS SHEET HAS BEEN
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such that when the force is renoved, it is generally strai m II"“lululII“ III
Stent 100, including tail 110 and tube 130, may be a S|ngla IH
tail 210 can be a unified piece, 25 extending from bl adder end*reg§i on 0% *

wi-t h no additi onal attachment nmeans. Alternatively tail 110 can be
secured t uedHAeRt ed tube 130 or bl adder end region 120 pyruceshiési cal
or mechani cal nethods. For exanple, in Fig. 4A, a suture 415 is

i nserted 30 through an opening 418 in the tubular nmenber and then
t hreaded through the |lunen 417 of tubular nenber 430. In Fig. 4B, tai
410 is <a hol |l ow menber having suture 41524 Ythreaded through its inner

T 4820 n e vl B JeRpE P R dpshifl5h 4 Bhafilndde 30
in the ureter outslde the bladder, and iii) a central
lumen connecting the first opening to the second opening;
the elongated member being a thin flexible tail extending

5 from the lower region of the tubular segment at a point
outside the bladder so as to receive urine from the
second opening of the tubular segment and to transport
urine from the second region across the ureter/bladder
junction and into the bladder, the method comprising:

10 (a) positioning the kidney end region of the
tubular segment within the renal pelvis; and
(b) positioning the elongated flexible member in

the bladder.

40. A method of manufacturing a ureteral stent,
15 the stent comprising a thin flexible elongated tail
member having an elongated external urine-transport
surface sized and configured to transport urine along the
surface within the ureter, the method comprising:
providing a polymer pre-form having a tubular
20 shape, forming an elongated tubular stent segment
from the polymer pre-form, and
providing a tail member at an end region of the
. tubular segment designed to be positioned toward the
patient’s bladder.
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- 12 - to coil 512 as ShOoOWAe=ki=giday—aRa=—A—ts—tat-gel and mere
rectangul ar to hel p prevent upward as well as downward stent mgration.
End A may- be closed or tapered to accomobdat e various insertion

techni ques. For the upper 5 portion (A--B) of the stent, dianeter, |unen
si ze, per fYOATAMM and materials are conventional. The | 8&EUSIITHEY 514
of the tubul ar stent segnment ends at B1, e di stance A--B could vary
depending on the patient's anat ony. A& B, the stent is tapered (or at

| east snooth 10 and constant in dian@ger). Two or nore

nonofi | ament or coated (plastic or “silAcger hNeads 516 exit fromthe
|l umen or fromthe - stent wall. These“pRmgads on partially fill the
ureter and are as flexible (soLf};as pgssi bl e. Jiypically, they 15 are
cut to a length which forces confinemgnt] W gladder.
B
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The portion of the upper segnent 512 lying within the renal pelvis (e.qg,
f Lom t he ki-dney—end—ef—the—stent —to—portT A TS expanded so that It Is
| arget in section, 20 and it may even be oval or rectangular in

Cr 0ss-secti on, to help prevent upward as well as downward stent

m gration. The kidney end of the stent nmay be cl osed angeprusdsARpsed .t o
accommodat e WREYE™  ed i nsertion t echni que. The upper portion 512 is
made of a relatively 25 stiff material (anmong the materials currently used

in ureteral stents), and it shoul &%e designed to effectively
restrict the notion of the stent to prevent proxi mal as well as distal

m gration of the catheter during normal physiological activity (required
because 30 the | ower pre-formed portion is deleted). The | ength of t he
straight portion of the upper segment (Fig. 5A point Ato B) will vary
wi th patient size and anatony. In the preferred configuration, the upper
segnent extends nore t han hal fway down the ureter when in proper

position. 35 The | owest end of the upper segment (Fig. 5A point B)

e
-y
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- 13 - shouwl d be tapere - f =

O herwi se, the upper segnment is a typical stent in di aneter, materials
and shape. The | ower segnment (Fig. 5A point Bto point C) 5
consists of two or nore (e.g four) nonofil anent, plastic r%ﬁa%%e?a%

si licone coaM9¥\P¥ads (shown in section in Fig. 5B) wh T fiom
the lunen or sidewall of the | ower end of the upper segnent (Fig. 5A
poi nt B) al ong ureter 513 into the%ﬁ badder. These threads are extrenely
10 flexible, and their dianmeter is selected to maintain a passage for

urine flow and yet drastically reduce bl adder and ureteral irritation.
By avoiding distortion of the

F; awre. .3

120

W
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ureter wall, the threads may inhibit urinary reflux as wel | . The threads
s houl d-be—t-ehRg—eretgh—~to—reach—wetrt—t5—tntotiett=adder (Fi g 5A poi nt C)
but not so long as to wash into the urethra with voiding. One thread 518
(or two or nore threads in a | oop) may be | ong enough to exit t hr ough
the urethra (Fig. 5A point B to point D) to perm t readypgggg%ﬁymgy _

. pul ling (avoiVMPAHI®¥ cyst oendoscopy) . These extende reads may
al so be used for stent exchange, in which a second catheter is exchanged
for the catheter already in Mzmx%/ ccording to that procedure, t hese
extended threads are captured with a g are that has 25 been inserted

t hrough the central |unmen of a second catheter. The snare is used to
pul | the threads through the lunen as the second catheter is advanced
~into the ureter. Aguidewire is then inserted through the central

| umen of the second catheter to the kidney. (outside the 30 first catheter's
- tubul ar body). The first stent is then renmoved by pulling on the
~threads, |eaving the guidewire in position for placenent. of a new stent
usi ng standard t echni ques. Figs. 6A-6D are alternative cross
~sectional 35 sketches (taken at the same |ocation as Fig. 5B) of sone

-
.
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14— possible—arrays -ef—threads—passtHag—wthr—the | ower— uretet
517 Miul tiple threads 516 (2 and 4, respectively) are shown in Figs. 6A
and 6B. A substantially simlar conduit could be achieved by flut ed type
cross sections 5 in a single filanent Figs. 6C and 6D). The sth)

- Figs. 6C and WMO¥HW@P4 al so be effective in reducing . sti f PREU hence
Lirritability at the bl adder end (i.e., lower segnent), e.qg., |na5|ngle
- filament design. 5/12 :
§\e
Py -
510
5\'\ | ;—|’l
sie”
1o
. G C .
Figure Fismre, 6D
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Mul tiple threads may have the advantage of better 10 surgical

MaA-peabi--H-ty—and-—superi or G

—Fu-ther

refineiments are described bel ow and in Flgs. 7 and 7A whi ch deal with:
a)* proxi mal or upward stent mgration of either the entire stent or

i ndi vidual 15 threads in the | ower segnent independent of u

novenent ; b) WRIM¥HMM4g of one or nore threads within the

r ment
E‘\E’éyﬁ?ﬁ" @5as to

obstruct flow or cause ureteral injury or knotting at the tine of
removal ; and c) in nmulti-thread enbodi ments, disconfort and/or reduced
dr ai nage through 20 the ureter resulting fromthe use of threads of

di fferent lengths. In Fig. 7, 6 F ( € French size = circunference in

nm stent is a generally a good size for adult urinary

systens. It is

| arge enough to provide good drai nage and smal | enough to m nimze |ocal
irritation and 25 inflammation of the ureter. In this enbodi nent, the

upper segnent need be only a single | oop of conventi onal

Si ze because a

change in the design of the | ower segnent (see | ater discussion and Fig.
8) shoul d prevent proxi nal m gration. The upper segnment (Fig. 7 point A

to point C) 30 is constructed of a relatively firmmateri al

during insertion, the pusher tubing should be renoved

A -ee.._ -

»

F\ quye A

because,

Frﬁsufe,rl
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after the guidewire is renoved. This neans that there wi ||l be sone drag
on—the—thr-eats—eur+ng—terpvral—ef—the——ptsher—ttbng—whi ch coutt—di-stodge
the stent if the coil 35 (Fig. 7 point Ato point B, about 2.5 cm does not
WD 97/ 17094 PCT/ US96/ 17795

15 provi de adequate resistance. The coil may be ta
¢l osed depend¥P§”/H8%4 he i nsertion technique desired 8&/%&78‘7793
previ ously placed guidew re.

712
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Fig. 7 point Bto point C should have an 5 approximate |ength of 12 cm
Thie—ic | I T or ot it h : )
| arge tenal pel vis and short enough to end well above the point where
the ureter crosses the common iliac vessels. At the iliac vessels, the
ureter takes a fairly sharp turn and 10 the threads wll nore iL# foll ow
t he natural dUPV@@"H¥ this point. This design should red&gﬁﬁﬁ%g S
“inflammation that is normally seen in this region when a conventi onal
double-J stent is left indwelling on a chronic basis. The
junction of the upper and | ower segnentgggmat 15 Fig. 7 point Cis inportant.
. See Fig. 7A, which enl arges this junction. At point C(Fig. 7) the

- threads are attached to the upper segnent in a manner that achieves

- the following goals: 1) the threads are securely attached to the upper

. segment and to each other (at least for a 20 short distance of about 0.8

. M) so that their orientation to thenselves is nmaintained (to the

. mai nt enance of | ower end asymmetry); 2) the threads do not obstruct the
- lumen  of the upper segnent and they allow for the easy passage of a

t standard guidewire (e.g., 0.035 guidewire); 3) the 25 transition dianeters
. in this region closely preserve the 6F standard so that this point can

- pass in both

“.A"-ccrncfi area .
6 mm oA er-(Hh 3 tm ‘:tﬂ'lh'\

wredevsal or. ﬂ:u,

7

exbnc i Ahrcadd.

F}gmfﬁ gh

[ L T e —
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di rections snoothly throughout the instrunents used for i nsertion and

t hough -t he ureteri- 4) ther e—-s—po—eatse—For—a—tocati zed ureteral--
obstruction; and 5) there is an 30 effective abutnent for the pusher

t ubi ng. For an average size ureter a good starting string dianmeter for a
f our string | ower segnent (Fig. 7 point Cto point E) would be 0. 020
i nches. A si WO8/K¥Mofi| anent nylon thread is an easy po't’%’ﬁ 73| uti on
but may be too stiff. A nore 35 supple nonofil anent or woven thread with
silicone or WO 97/ 17094

PCT/ US96/ 17795 - 16 -

9/12
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ot her coating may be required to achi eve m ni nal irritability. However,
t he t hr eads should be — sufHetentty—reststant—to—conpressi on—so -t hat
tissue generated pressures cannot coll apse the interspaces of 5 the

t hreads. See Fig. 8B, show ng cross-sections of threads (left) which
~retain interstitial space under sone nodest conpression a&f ng gﬁéeads
“(right) whiclWQPE174% soft that they conpress into a pl ugP PRPAL b ced
interstitial space. These threads may have centinmeter 10 mar ki ngs begi nni ng
at a point no nore than 20 centineters frompoint B (Fig. 7) so that
functional ureteral and total stent | ength nay be noted. The
portion of the | ower segnent which lies within t he bl adder when the
stent is in proper anatom c position 1@“@Fig. 7 point Dto point E) is
important to both confort and function. Proximal mgration can be
controll ed by usi ng asymmetrical lengths of the thread pairs, with one
pair being 2 cmlonger that the other pair, so that the fused junction
of these threads tends to intersect with 20 the ureteral orifice at and
angle (e.g., -90[err]) wth the stiffened length of 6 mm (see detail
Fig. 8B). In the ideally fitted stent of this enbodi ment, the thread
pairs

E‘k|b¢|“’
a1

(TS

/ RenaL
Fewns

lf'\|
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Urete2

\0
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BLADDER

o &. RRETERAL OQ\F:CE_ (oPeﬂunﬂ of
the ureter e dhe blazxder
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wi || extend beyond the ureteral orifice (Fig. 7 point D) by 1 cmat the
shart linb and 3 cm.at the Ieng—J—r—n@—Q—B—Heweve-r——t—h-r—s——l—ower
configuration allows for consi derabl e tolerance in sizing (unlike
unsecur ed i ndependent threads which nust be selected to have a | engt h
so as to avoid upward mgration of the thread t hr ough tr}?rw
orifice) andW@%A®Wn | ength which is 30 1 cmshorter or 2 ﬁger f han
the ideal |ength shoul d be sati sfactory Using this configuration the

t hreads should forma continuous | oop of 5 cmlength to prevent free
ends from poki ng the bl adder wall or 6%I apsi ng through the urethra.
Buoyant threads may add 35 to patient confort, because they will float away
fromthe WD 97/ 17094

PCT/ US96/ 17795
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- 17 - trigone region of the bladder, where nost of the sensory
necrve fihers are |ocated—A-typiead—shal—gauge—tanent ext+acttonr—

thread® may be attached to the |onger |inb of the thread pairs, which is
a suitable pulling point for 5 renoval. From this enbodi nent, a
~smal | di aneter pusher tubing of 4--4.5 F should be used tgo aid
i nsertion. SHMQa9717%ercuflex is near optimal for the | ower %%ﬁi?ﬁ?'{”%nd'
firm or regular percuflex is used for the upper segnent. 10 The
bl adder end shoul d be easily inserted using instruments, and it should
prevent proximal mgration of the s{zmp. The design of Fig. 7 wll avoid
tangling and mgration of the stent. Alternati qf t percufl ex,

on at 15 al | radi

co giﬁuous oop extending
ment p~fsee Fidy 9) nmay be

i ok Fig, 9\al so has

for exanple, has good resistance to extrene fle
(e.g., even 0.020" dianeter) so that a sinple
fromthe junction of the upper and | ower s
adequate to prevent upward m gration. The
t he advantage of relative ease of manufacture

-
—
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20 relative ease of insg@tion, as well ‘as ease a‘hd_,.com‘ﬁ of renoval. .

O her dinensions that can be used (w thout limtatio ' T oy
straight portion of the upper hol | ow shaft, and 12 cm f&ﬁ%}ggnllé Zr" 95
| ength of added 25 | oops of soft percyfjgex. For the O. 02[)[5 gi,am,st el . 199%
material, either 2.or 3 | oops nmay be used providing 4 or E 6&)“%@'5‘}”“ -
total. For 0.040" inch material, either 1 or 2-1oops is recommended.

Fig. 9 shows such an alternative enbodi nent having 30 a sinple coil at the’

ki dney end. The lower end is constructed of |ooped stringlike el enents

wi th ends fused at the junction between the |ower and the upper end.
Therefore, there are aprewen nugber of string elenents,  with no free

ends. Crcle E | {s an 35 idealized depiction of the

~ureteral openi.ngJHy

&

9

|
1O
FIG. 3

FIG.

FIG. 2
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- 18 - bl adder. Whil'e not shown in Fi'lg. 9, the |oop fused

oyer a very short distance at the bladder end in  order Lg;gmﬁntog JUN 1397
tangling of |oops and to inprove sten2/10 handling. Any conventlonal means

of. fusion"may be used. 5 Optionally, organization of the |oops can be

mai nt ai ned by pre-placing theminside the pusher tubing using a | ong
monofil ament nylon l[oop tail, similar to those used for t he non-invasive
removal stents (i.e. w thout sensor endoscopy). 10 Met hods for
insertion and renoval of ureteral stents are known in the art. _
Generally, stent plae®nent = is achieved by advancing the tubul ar stent
segnent over gullewi refin the ureter. A pushing catheter passes the -
tubul ar segne ney, while maintaining 'the 15 tail in the

bl-adder. O hej suchjas a stiff sheath can be used to position

the stent. On¢ ' ' :

N

()

a7

FIG. 4B



position, the sheath c be renoved. : "The. tm (o] § the .
stent may be manuf act ured by extruding a tube acco %%60&/{11207 95 '
techni ques. The elongated tail may be separately iyredOQdeNIQST
conventi onal techniques and attached 300 t he tubular por :

bi oconpati bl e adhesi ve materials or heat. Alternatively, the stent nay
be made by injection nolding the tube and. the tail as a single 25 piece,
using a pin to create hollow segnents. The sfen may be manufactured
fromany of a nunber. of bioconpatible  p6lyners cognonly used inside the
body, incl uding pol yur et hane and pol yéthylene. In Still other

enbodi nents, the entire stent may be sofid, so/ypat urNte 30 is conveyed
entirely on an external stent surface. | What i § clainmed is:

—er

510
N

-zl



o era o 2

ureteral stent for assisti ng flow of uri ne the stent J%@G/
tubuI ar segnent conpri si ng (a) an uppe egi on including i r |
opening, (b) a 'l ower region having an é/ ernal surface angipﬁg?ﬁen ‘?UMW
| east a second opening, the |lower region to be positioned outside the

~ bl adder when the ureteral stent is in use, and (c) a lumen connecting the
first opening to the second opening; and - a thin flexible elongated

tail having an external urine-transport surface, the flexible tail
bei ng substantially straight and transitioning fromthe region of the -

tubul ar segment so as to receive urine fromthe | ower réglon t he tubul ar
segnent and to transport the urine along the urine-trarg face, the
transition fromthe external surface of the |ower regiq thef tubul ar -
segnent to the urine-transport surface of the thi nBIe i bei ng

conti nuous. . 2. The stent of claimai1 in which i Jhe external
uri ne-transportSligirface when the ureteral :

(83)

- 5I6
FIG. 6A £l 65

57 5I7

516 56 .

FIG. eC  FIG. 6D

-,

FIG. 7A
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stent is in use extends al ong at.|east part of th. os’?h?qri
isinu X g p r&ftﬁ$$§94§ B\

ur et er/ bl-adder Jq"tlon and forom there through the peni n nt o

t he bl adder. 3. The stent of claiml. ch fhet ?bﬁﬁf bl e
_tail is solid. 4. Thesfﬁﬁnt of_clalnllllP ich at’ east part of

the tail is hollow. . e stent of claim11 in which the tubular

segnent includes nultiple openings along its |ength. . 6. The

stent of claim1 wherein the external surface of the tai
is continuous and uninterrupted.

20
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7. A net hod of'introdu‘g a ureteral stent.intq a patil t he stent

corrprl sing a) a thin flexible el ongated nmenber havi ng ‘Fm ?Qdé%t??q 5
e

Jgrine-transport surface sized and co% Fgured to transpé

Surface within the ureter; and b) an é ngat ed tubul ar ’s Egz% acggg 99T
sai d el ongat ed nmenber, the tubul ar segnment conpri si ng: ? region
having at |east a first opening, ii) a lower region having at Ieast a

- second opening to be positioned in the ureter outside the bladder, and iii)
a central lunen connecting the first opening to the second opening; the

el ongated nmenber being a thin flexible tail extending fromthe | ower region
of the tubular segnent .at a point outside the bladder so as to receive
urine fromthe second opening of the tubular segnent and to transport urine
fromthe second region across the ureter adder junction and into the
bl-adder, the nmethod conpri sing: posi tioning the kidney end

regi on of the tubul ar segnent within t al pelvis; and (‘b)

posi tioning the el onga ' t he bl adder. - 8. A

met hod of manufacturi e stent conprising a thin
flexi bl e el ongated. t & gl/ongat ed external urine-transport
surface sized and con rine along the surface within
the ureter, the nmethod provi ding a pol yner pre-form
havi ng a tubul ar shape, An el ongat ed tubul ar ‘stent segnment
fromthe polynmer pre-form and providing a tail menber at an end
regi on of the tubul ar segnent desogried/t o be positioned toward the
patlent s bl adder. : _ S "

e

-

FIG. 8A

DETAIL OF THREADS

88 —= D
CONSEQUENCE OF THREADS
WHICH ARE TOO SOFT
(RUBBERY) IN COMPRESSION

FIG. 8B
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9. The stent of claimI|{@n which the tail tapers to a e -
diameter as it transi tgns fromthe | owér region. ﬁghﬁélg%A[ |lr':e7tngll5 '
stent " for assisting flow of urine, the stent conpri'sing: - - B )
t'bul ar segment conprising (a) an uppédf1®egion incl udi nfPEp/ListOa JUNI9T:
opening, *(b) a |ower region having an outer dianmeter and including at

| east a second opening, the |ower region '

21 to be positioned upstreamfrom the bl adder when the ureteral stent is

in use, and (c) a lunen - ' :

FIG. ©

*oes
£ O e
[



connecting the first o.u ng to the. second "openi ng; - rméwé 9@1 h-g;g95
flexible el ongated tail transitioning from'the Iower of " t t@ [
segnment, the thin flexible tail having a generally’ chi?Epgﬁ ro@sré@ '
and an outer diameter that tapers frotlPhe outer di anttér of the | ower
region to a snaller dianeter, the thin flexible tail having a urine-
transport surface so as to receive urine fromthe | ower region of the
‘tubular segnent and to transport the uring te urine-transport

i N\t he UKIDNEY" ansport
: : 12. stent of claim10 -
in which the thin flexible tail is solfi d. . {he stent of claim

end opening, the tubular segment furt er co i S - er surface with a
plurality of third openings arranged er sugface\of the tubul ar
segnent fromthe upper region to the I‘ower/ i and t he\ | unen

communi cates with the third openings.
which at |least a portion of the thin flg£x a|I is hoIIw 15.
The stent. of claim10 in which the thi) %Q{A t & .|ssbstant|ally
straight. 16. A device for ag¢si st é—V F— -the device
conpri sing:

URETER

- BLADDER

-«—URETHRA

FiG. Io



a tubul ar segnent wt n outer surface, conprising LURpPer regi QF .
(b)-a lower region positioned upstreamfromthe bl aému(aéhﬁ %?955
tn use, (c) a plurality of openings ?rranged on the quter surface ‘RLNH
t'ubul ar segment fromthe upper regi of’t® the | ower rei bafi/ wand ()
extendinmg through the I ength of the tubular segnent, and- cormunl cating W|th
the openings arranged on the outer surface of the tubular segment; and

22 a thin flexible el ongated nmember conprising at |east one thin
flexible tail having a urine- transport surface, the thin flexible tail

bei ng substantially straight and transitioning fromthe |ower region of the
tubul ar segnent so as to receive urine fromthe | ower region of the tubular
segnent - '

0

2

FIG. 11
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and to transport the uri@e along the urine<transport (i 96[_L77195
The .device of claim 16 whi ch the “uri'ne-transport suri®ce is conthﬁ%ﬁﬁ

‘and uninterrupted. 18. The device of Claln]lg?ﬁ?&g@ ch;}hé
f.fexible tail is solid. 19.10¥A@ device of -cl i'n which at
| east a portion of the thin flexible tail is hollow 20. The

- device of claim 16 in which the tubul ar segpe i a substantially

~circular cross- section. 21. The oevice of \ ain!16 wherein the

- e, the

- a flrst segnent haV|ng an outer surfacg and o-,-:ed first\and second ends
. the first segnent conprising (a) an u i
and having an outer dianeter, the uppdr regfon \eing conflgured to be
positioned in the kidney when the devi i b regi on
i ncl udi ng the second end, the | ower i i i

:T"/IO

FIG. 12
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_ _ 125 cof 3&0173,--15,.?
surface of the first segnment fromthe upper region to the |ower regi‘on, and
(d) a lunen extending through the Iength of the first segment, _and_
conmuni cati.ng with the openings arranged on the outer surface of the first

Segrent  and o LI R AR
a second segnent transitioning fromthe first segnent at the sed s w

the | ower region, the second segnent conprhging one or nore eIongafedf
flexible tail menbers, each tail nmenber having a urine-transport surface
and an outer tail diameter, the outer tail dianeter of each tail nenber
being smaller than the outer dianeter of the upper region of the first
segnent . 2 3. The device of claim?22 in which the first segnent has
a substantially circular cross- section. Claims

1. A ureteral stent for assisting flow of urine, the stent comprising:

a tubular segment comprising (a) an upper region including at least a first opéning, (b)a
lower region having an external surface and including at least a second opening, the lower region
to be positioned outside the bladder when the ureteral stent is in use, and (c) a lumen connecting

the first opening to the second opening; and

a thin flexible elongated tail having an external urine-transport surface, the thin flexible tait
being substantially straight and transitioning from the lower region of the tubular segment so as to
receive urine from the lower region of the tubular segment and to transport the urine along the
urine-transport surface, the transition from the external surface of the lower region of the tubular

segment to the urine-transport surface of the thin flexible tail being continuous.

2. The stent of claim 1 in which the external urine-transport surface when the ureteral
stent is in use extends along at least part of the ureter, across the ureter/bladder junction, and

from there through the ureteral opening into the bladder.
3. The stent of claim 1 in which the thin flexible tail is solid.
4. The stent of claim 1 in which at least part of the tail is hollow.

5. The stent of claim 1 in which the tubular segment includes multiple openings along its

length.

6. The stent of claim 1 wherein the external urine-transport surface of the tail is

continuous and uninterrupted.
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| ower region. 2 5. The device of claim22 in which the ¢
urine-transport surface of each tail menber is continuous and

uni nt err upt ed. 2 6. The device of claim?22 in which the one or
nore flexible tail nenbers are solid. 20 2 7. A nedical device, the
devi ce conpri si ng: a first segnment having opposed first and second

term nal ends, the first segnent conprising (a) an upper region including
the first termnal end, (b) a substantially straight |ower region including
t he second ter nm RalA methhd afimirodedingauretetabstent diita b paticey itherstenbenmgprising @) 4 thin
upper regi d,th ower region; .an . second. se nt . ext endi ng
o t her eePRSiRed MRber BR o\ GRBMed preernt e PP BRRS R e o
conpri si ng configuséddoitiayispott ueine oy thelsurfabewithih thetupdtér; andibl) & longated tubular 2 8.

The medi cal devicegﬁniclajg}27 i w@ich thgldevice is for a%sistin f.l ow of
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transport the urine along the urine-transport surface when the evice is
in use. in the ureter outside the bladder, and iii) a central lumen connecting the first opening to the

second opening; the elongated member being a thin flexible tail extending from the lower region

of the tubular segment at a point outside the bladder so as to receive urine from the second

opening of the tubular segment and to transport urine from the second region across the

ureter/bladder junction and into the bladder, the method comprising:

(a) positioning the kidney end region of the tubular segment within the renal pelvis; and

(b) positioning the elongated flexible member in the bladder.

8. A method of manufacturing a ureteral stent, the stent comprising a thin flexible
elongated tail member having an elongated external urine-transport surface sized and configured
to transport urine along the surface within the ureter, the method comprising:

providing a polymer pre-form having a tubular shape,
forming an elongated tubular stent segment from the polymer pre-form, and
providing a tail member at an end region of the tubular segment designed to be positioned

toward the patient’s bladder.

9. The stent of claim 1 in which the tail tapers to a smaller outer diameter as it

transitions from the lower region.
10. A ureteral stent for assisting flow of urine, the stent comprising:

a tubular segment comprising (a) an upper region including at least a first opening, (b) a

lower region having an outer diameter and including at least a second opening, the lower region



urine-transport surface of the tail members is continuous and
uni nt er r upt ed. 31. The nedical device of claim27 in which the
upper region of the first segnent has an outer dianeter and each tai

menber has an outer dianmeter, the outer @ijaneter of each tail nenber being
smal l er than the outer dianmeter of the upper region of the first segnent.

3 2. The device of claim27 in which the tail nenbers conprise at |east one
t hread

24 2 9. The nedical device of claim27 in which the.taj -
are solid. 30. The nmedical device of claim28 in whi chﬂ"lﬂmmilﬂml " IIII
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to be positioned upstream from the bladder when the ureteral stent is in use, and (c) a lumen

connecting the first opening to the second opening; and

a thin flexible elongated tail transitioning from the lower region of the tubular segment, the
thin flexible tail having a generally circular cross-section and an outer diameter that tapers from
the outer diameter of the lower region to a smaller diameter, the thin flexible tail having a urine-
transport surface so as to receive urine from the lower region of the tubular segment and to

transport the urine along the urine-transport surface.

11 The stent of claim 10in which the urine-transport surface is continuous and

uninterrupted.
12. The stent of claim 10 in which the thin flexible tail is solid. .

13. The stent of claim 10 in which the first opening is an end opening, the second opening
is an end opening, the tubular segment further comprises an outer surface with a plurality of third
openings arranged on the outer surface of the tubular segment from the upper region to the lower

region, and the lumen communicates with the third openings.
14. The stent of claim 10 in which at least a portion of the thin flexible tail is hollow.
15. The stent of claim 10 in which the thin flexible tail is substantially straight.
16. A device for assisting flow of urine, the device comprising:

a tubular segment with an outer surface, comprising (a) an upper region, (b) a lower
region positioned upstream from the bladder when the device is in use, (c) a plurality of openings
arranged on the outer surface of the tubular segment from the upper region to the lower region,
and (d) a lumen extending through the length of the tubular segment, and communicating with the

openings arranged on the outer surface of the tubular segment; and



filanment. 3 3. The device of cIa|m32|n whi ch the tai
conprise a plurality of thread filaments. 34. The de mﬂi‘mﬂ lnﬂ"“"llll
32 in which the tail nenbers conprise at |east one filament

3 5. The device of claim34 in which the tail menbers conpri se no unl ooped
filanments, so that the tail nenbers are free from|l oose ends. 3 6.
The device of claim33, in which the taipanmenbers conprise at | east two
filament | oops. 3 7. The device of claim32 in which the tail

menbers conprise a fluted filament. 3 8. The device of claim28 in
which the tail nmenbers when the device is in use extend into the bl adder

and incl ude an adkinfexitle glongatadanembearctomprisiogrtdenst ans thin Aexitle tailhaving 3 wineof t he

device u p tPalﬂgimWsﬁH‘%e the thin flexible il Being SubR&HtaR) stQfhi £l trahfiforfilpMidnthe lower

conprisin
reglon of the tubular segment so as to receive urine from the lower region of the tubular segment

and to transport the urine along the urine-transport surface.

17. The device of clairn 16 in which the urine-transport surface is continuous and

uninterrupted.
18. The device of claim 16 in which the thin flexible tail is solid.
19. The device of claim 16 in which at least a portion of the thin flexible tail is hollow.

20. The device of claim 16 in which the tubular segment has a substantially circular cross-

section.

21. The device of claim 16 wherein the tubular segment and the elongated member

comprise a one-piece stent.

22. A device for assisting flow of urine, the device comprising:

a first segment having an outer surface and opposed first and second ends, the first
segment comprising (a) an upper region including the first end and having an outer diameter, the
upper region being configured to be positioned in the kidney when the device is in use, (b) a lower
region including the second end, the lower region being configured to be positioned upstream
from the bladder when the device is in use, () a plurality of openings arranged on the outer
surface of the first segment from the upper region to the lower region, and (d) a lumen extending
through the length of the first segment, and communicating with the openings arranged on the

outer surface of the first segment; and



25 _ a first segment having opposed first and second ter

the first segment conprising (a) an upper region including therﬂnnﬂ “I “‘““Il‘“l“'
termnal end, (b) a substantially straight |ower region including tthet "
second term nal end, and (c) an intermediate region connecting the upper

region and the | ower region; a second segnent independent of the

first segnment and attached to the firsggsegnent at the second term nal end,

t he second segnment conprising one or nore elongated, flexible tail nenbers.

40. The nedical device of claim39 in which the device is for assisting

flow of urine, and each tail nenber conprises a urine-transpgrt surface so
as to receive urseenndsegmdnbiransisionios fremthefirst segmentat thegeconsigad of hglay¥erand to

transport &E‘%n,%é Do RPert ngblﬂu{é%ng bARSRYdng ik, fieable YAGRenitdR, RN tMe IS in

use.
member having a urine-transport surface and an outer tail diameter, the outer tail diameter of each

tail member being smaller than the outer diameter of the upper region of the first segment.

23. The device of claim 22 in which the first segment has a substantially circular cross;

section.

24. The device of claim 22 in which the second segment transitions substantially straight

from the first segment at the second end of the lower region.

25. The device of claim 22 in which the urine-transport surface of each tail member is

continuous and uninterrupted.
26. The device of claim 22 in which the one or more flexible tail members are solid.
27. A medical device, the device comprising:

a first segment having opposed first and second terminal ends, the first segment
comprising (a) an upper region including the first terminal end, (b) a substantially straight lower
region including the second terminal end, and (c) an intermediate region connecting the upper

region and the lower region; and

a second segment extending from the first segment at the second terminal end, the second

segment comprising a plurality of elongated, flexible tail members.

28 The medical device of claim 27 in which the device is for assisting flow of urine, and
each tail member comprises a urine-transport surface so as to receive urine at the second terminal
end of the lower region and to transport the urine along the urine-transport surface when the

device is in use.



41. The nedical device of claim39 in which the tail nmenbers ar

4 2. The medical device of claim40 in which the urine- transpormlmlmwl“"c""””"‘
the tail nenbers is continuous and uni nterrupted. . *The medi gals *
device of claim39 in which the upper region of the first segrrent has an

outer dianeter and each tail nmenber has an outer dianeter, the outer

di aneter of each tail nenber being snmaller than the outer dianeter of the
upper region of the first segnent. 24 4 4. The nedi cal device of

claim39 in which the first segnment is tubular and includes a |unen

connecting the first and second _termna The nedi cal

. 4 5.
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| ength of the first segnment communicating with the lunen of the first

segnent. 30. THe fedical@evitR @F €laim 286 iwhich tHe uEihertranspblt urfavdiofahe taite one or
nore tail nenbers conprise thread filanments. 4 7. The nedi cal
devi ce of cneRbssApcqninygys and yptergiptedor nore tail nembers conprise at | east
one filanment | oop.

31. The medical device of claim 27 in which the upper region of the first segment has an
outer diameter and each tail member has an outer diameter, the outer diameter of each tail

member being smaller than the outer diameter of the upper region of the first segment.

32. The device of claim 27 in which the tail members comprise at least one thread

filament.

33. The device of claim 32 in which the tail members comprise a plurality of thread

filaments.
34. The device of claim 32 in which the tail members comprise at least one filament loop.

35. The device of claim 34 in which the tail members comprise no unlooped filaments, so

that the tail members are free from loose ends.

36. The device of claim 33 in which the tail members comprise at least two filament

loops.
37. The device of claim 32 in which the tail members comprise a fluted filament.

38. The device of claim 28 in which the tail members when the device is in use extend into
the bladder and include an accurately shaped anchor segment to control migration of the device

up the ureter.

39 A medical device, the device comprising:
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a first segment having opposed first and second terminal ends, the first segment
comprising (a) an upper region including the first terminal end, (b) a substantially straight lower

region including the second terminal end, and (c) an intermediate region connecting the upper

region and the lower region;

a second segment independent of the first segment and attached to the first segment at the

second terminal end, the second segment comprising one or more elongated, flexible tail
members.

40. The medical device of claim 39 in which the device is for assisting flow of urine, and
each tail member comprises a urine-transport surface so as to receive urine at the second terminal

end of the lower region and to transport the urine along the urine-transport surface when the

device is in use.

41. The medical device of claim 39 in which the tail members are solid.

42. The medical device of claim 40 in which the urine-transport surface of the tail

members is continuous and uninterrupted.

43. The medical device of claim 39 in which the upper region of the first segment has an
outer diameter and each tail member has an outer diameter, the outer diameter of each tail

member being smaller than the outer diameter of the upper region of the first segment.

44. The medical device of claim 39 in which the first segment is tubular and includes a

lumen connecting the first and second terminal ends.

45. The medical device of claim 44 in which multiple openings are positioned alorg the
length of the first segment communicating with the lumen of the first segment.

46. The medical device of claim 40 in which the one or more tail members comprise
thread filaments.

47. The medical device of claim 40 in which the one or more tail members comprise at

least one filament loop.
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This invention is a ureteral stent (100) for assisting
movement of urine along a patient’s ureter and into the patient's
bladder. The stent (100) includes an elongated tubular segment
(130) extending toward the bladder from a kidney end region for
placement in the renal cavity to a bladder end region. A central
lumen (260) connects at least one opening (127) at the first end
Tegion to at least one opening in the bladder end region. At least
one flexible tail (110) is attached to the bladder end region of
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receive urine from the opening in the bladder end region of the
tubular segment (130) and to transport urine from there across
the ureter/bladder junction and into the bladder. The tail (110)
includes an elongated extemnal urine transport surface sized
and configured to transport urine along the ureter. The urine
.transporting surface is sized and configured to extend along at
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