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URETERAL STENT WITH SMALL BLADDER TAIL(S)                       Field of
the Invention            This application relates to ureteral stents.  5
Background of the Invention            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            WO 97/17094
PCT/US96/17795                                  -2-     contribute to
significant patient discomfort and serious    medical problems.     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  5
orifices opening into the bladder. Figure 11 depicts a    typical double-J
stent 10 which comprises a small tube 12    which sits inside the urinary
system and assists the flow 



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 closed
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 monofilament 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)            WO 97/17094
PCT/US96/17795                                  -3-     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 



5 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 10
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 15 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 20 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 25 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 30 a point outside the bladder so as
to receive urine from    the second opening of the tubular segment 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,            WO 97/17094
PCT/US96/17795                                  -4-     the upper region of
the tubular segment is configured and 



sized for placement in the renal cavity.            Typically the elongated
tail member comprises at    least one (and more preferably at least two)
thread  5 filamentts). Two or more of the filaments may be    configured in
at least one filament loop, and,    advantageously, the tail comprises no
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 quite    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.           WO 97/17094
PCT/US96/17795  



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 solid 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 central 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 lumens, a main urine-    transporting lumen
and a bladder lumen to encase the 35 suture, so that the suture does not
become encrusted.        



WO 97/17094                                     PCT/US96/17795
-6-             The outer diameter of the tubular segment can be    tapered
so that it decreases approaching its lower    region. The lower region of
the tubular segment may    include multiple openings positioned, e.g.,
axially along  5 include its length or radially around its circumference,
or in other patterns. In addition, the outer diameter of    the stent's
tubular segment may decrease approaching the    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 continuous 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 pre-form, and (c)    providing tail
member(s) at an end region of the tubular     



WO 97/17094                                      PCT/US96/17795
-7-     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.
Brief Description of the Drawings            Figure 1 is a side view of a
ureteral stent with a    central portion of the tubular segment omitted.
Figure 2 is a cross-sectional 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.            Figure 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.
Figures 6A-6D depict alternative cross-sections of 35 the tail of a stent
according to Figure 5. 



WO 97/17094                                      PCT/US96/17795
-8-             Figure 7 is a schematic representation of yet    another
stent according to the invention, having an    extraction thread.
Figure 7A is an enlargement of a portion of Figure  5 7.            Figure
8-8 is a schematic representation of the    stent of Figure 7 shown in
position.            Figure BA 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.
Description of the Preferred Embodiments             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,            WO 97/17094
PCT/US96/17795                                  -9-      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            WO 97/17094
PCT/US96/17795                                - 10 -     adequate inner
diameter. At other sections of the ureter    (e.g., sections not being
surgically repaired), the outer 



diameter of the tubular segment may be far smaller, but    with an inner
diameter adequate for passage over a  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
WO 97/17094                                     PCT/US96/17795   



- 11 -      effective diameter, providing additional bulk while
maintaining comfort. Tail 110 may be attached at or near     the 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    physical
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,         



WO 97/17094                                     PCT/US96/17795
- 12 -      to coil 512 as shown. Kidney end A is larger and more
rectangular to help prevent upward as well as downward     stent migration.
End A may be closed or tapered to     accommodate various insertion
techniques. 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. 5A 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)     
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- 13 -      should be tapered or beveled to facilitate withdrawal.
Otherwise, the upper segment is a typical stent in     diameter, materials
and shape.            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 to 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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- 14 -     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 enough to provide good drainage and    small enough to minimize local
irritation and 25 inflammation of the ureter. In 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 C) 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
WO 97/17094                                     PCT/US96/17795
- 15 -      provide adequate resistance. The coil may be tapered or
closed depending on the insertion technique desired     (i.e., over a
previously placed guidewire. 



Fig. 7 point B to point C should have an  5 approximate length of 12 cm.
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 obstruct 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 smoothly 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 the 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            WO 97/17094
PCT/US96/17795                                 - 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[err]) 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 this 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            WO 97/17094
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- 17 -     trigone region of the bladder, where most of the sensory
nerve fibers are located. A typical small gauge filament    extraction
thread may be attached to the longer limb of    the thread pairs, which is
a suitable pulling point for  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 regular 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. Alternatively, soft percuflex,
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
kidney 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        
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- 18 -     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
techniques. 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:



19                                                     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
opening, (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 tail
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 I 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.
20 



7. A method of introducing a ureteral stent into a patient, the stent
comprising a) a thin flexible elongated member having an elongated external
urine-transport surface sized and configured to transport urine along the
surface within the ureter; and b) an elongated tubular segment attached to
said elongated member, the tubular segment comprising: i) an upper region
having at least a first opening, ii) a lower region having at least a
second opening to be positioned 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 I 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
21    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 10 in 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
22           a thin flexible elongated member comprising at least one thin
flexible tail having a urine- transport surface, the thin flexible tail
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.          17.
The device of claim 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.
2 2. 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, (c) 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                                                         23
a second segment transitioning from the first segment at the second end of
the lower region, the second segment comprising one or more elongated,
flexible tail members, each tail 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.         2 3. 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.          2 5. The device of claim 22 in which the
urine-transport surface of each tail member is continuous and
uninterrupted.          2 6. The device of claim 22 in which the one or
more flexible tail members are solid.          2 7. 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.          2 8.
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. 



24          2 9. The medical device of claim 27 in which the tail members
are solid.         30. The medical device of claim 28 in which the
urine-transport surface of the tail members is continuous and
uninterrupted.         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.
3 2. The device of claim 27 in which the tail members comprise at least one
thread 



filament.         3 3. 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.
3 5. The device of claim 34 in which the tail members comprise no unlooped
filaments, so that the tail members are free from loose ends.          3 6.
The device of claim 33, in which the tail members comprise at least two
filament  loops.          3 7. The device of claim 32 in which the tail
members comprise a fluted filament.          3 8. 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.          3 9. A medical device, the device
comprising:    



25         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.
4 2. 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.          4 4. The medical device of
claim 39 in which the first segment is tubular and includes a  lumen
connecting the first and second terminal ends.          4 5. The medical
device of claim 44 in which multiple openings are positioned along the
length of the first segment communicating with the lumen of the first
segment.           4 6. The medical device of claim 40 in which the one or
more tail members comprise   thread filaments.           4 7. The medical
device of claim 40 in which the one or more tail members comprise at  least
one filament loop.   






