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(57) Abstract: A ureteral stent having a proximal section, a distal section and an
intermediate section is disclosed. The proximal section is configured for disposition

within a kidney and includes a tubular portion in communication with the interior
of the kidney. The distal section is configured for disposition within the bladder
and includes a portion to anchor the distal section therein. The intermediate section
is connected between the proximal section and the distal section and has a passage-
way extending therethrough in fluid communication with the tubular portion of the
proximal section. The intermediate section is configured to elongate dynamically
to accommodate ureteral length changes in automatic response to changes in spac-
ing between the kidney and the bladder.
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DYNAMIC LENGTH URETERAL STENT FOR
IMPROVED PATIENT COMFORT

STATEMENT REGARDING FEDERALLY SPONSORED RESEARCH OR
DEVELOPMENT
Not Applicable
CROSS-REFERENCE TO RELATED APPLICATIONS

This PCT application claims priority under 35 U.S.C. §119(c) of United
States Provisional Patent Application Seral Nos. 62/490,684 filed on Apri 27,
2017, entitled DYNAMIC LENGTH URETERAL STENT FOR IMPROVED
PATIENT COMFORT, the disclosure of which is incorporated by reference herein.
SUBMITTED ON A COMPACT DISK

“Not Applicable™

FIELD OF THE INVENTION

This mvention relates generally to sients and particolarly to ureteral stents.

BACKGROUND OF THE INVENTION

The urcters are the anatomic condwit for urine from the kidseys to the
bladder. Obstruction of a ureter can occur from disease in the ureteral lumen such as
a tumor, or a kidney stone that has migrated mto the ureter, or from discase
processes that cavse compression or other narrowing of the lumen, such as an
external mass or inflammatory stricture. Ureteral stents are medical devices designed
to rehieve all such obstructions to urine flow and maintain a conduit in the ureteral
fumen that is adequate for urine flow from the kidney lo the bladder in the presence
of an actual or potential obstruction. Ureteral stents have been in common use for
decades with excellent climical results in this primary role. However, in general,
ureteral stents are poorly tolerated by the patient because they also are irritating to
the various sensory nerves in the bladder. Typically, the patient trades relief of the
kidnev pam caused by the urcteral obstruction for the invuediate and porsistent
feelings of uritation and urinary urgeney caused by the segment of the stent in the
bladder.

There are no sensory nerves in the hining of the Kidoey or the ureter, and
kidney pain is caused only by active stretching of the kidney capsule when there 1s
obstruction (o wrine drainage. But, the bladder wall and mucosal lining has abundant

sensory nerves, especially on the trigone area where the ureters enter the bladder,

1



WO 2018/200060 PCT/US2018/017586

The segment of a typical urinary stent that is 1o the bladder, that may be in
constant or intermitterd comtact with the sensitive bladder mucosal lining, s
generally accepted as the main cause of patient symptoms from a ureleral stent. A

lesser cause of stent discomfort is the pain that can cccur by stretching of the kidney

L

capsuile from urinary reflux during voiding. The intravesical hvdravhic pressure
caused by bladder contraction during normal voiding is around 50-60 centimeters of
water pressure. The kidney capsule starts to streich and transmit pain signals when
the pressure in the renal pelvis acutely rises above about 15 centimeters of water
pressure. This is not typically a major cause of patient discomfort or complant
16 because of the short duration of voiding and the delay of pressure buildup m the
renal pelvis caused by the inherent resistance to rapid retrograde urine flow of the
long narrow ureter and stent combination.
It should be pointed out at this juncture that the words “proximal” and
“distal”, which arc used n this application, are relative torms used in different ways
£5  in different patents. However, to establish a convention for purposes of the
disclosure and discussion herein, the kidnev region shall be referred to as being
“proximal,” the bladder region as being “distal” and the intervening or mtermediate
ureteral segment as bemng “middle.”
All commercially available ureteral stents have three regions or segments: 1)
26 a proxumal segment that has a spring-like. pre-formed, memory shape that curls up
mside the urine collecting svstem of the kidoey, predominantly the renal pelvis, that
serves to retain the stent n the kidnev and prevent distal migration (ie., to keep it
from falling out); (2) an clongate middle segment (typically a straight hollow tube
with multiple perforations) that traverses the ureter between the kidnev and bladder
25 that provides the urie a conduil to bypass any obsiruction in the ureter; and (3) a
distal, bladder (intravesical} segment that completes the conduit, has a pre-formed,
memory shape that keeps the stent from migrating proximally and that provides an
end that is visihle on simple cvstoscopy to facilitate removal. The most common

ureteral stents are a hollow tube with multiple apertures or holes through the wall

(o8]
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along its entire length intended o enhance urine drainage through and around it
Stents tvpically are made with a low friction, highly flexible biocompatible plastic
that has a sufficient shape memory resilience to form the retaining cois in the ends.

Fig. 2 shows a common prior art ureteral stent in place.

9]
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Multiple attempts have been made by the medical device industry to mitigate
the bladder irritation problem of wreteral stents. See for example, U.S. Patent Nos.:
6,764,519 6,849.069; 6,656,146, 6,945,950, 6,991,614, 7.316,663; 7,678,154,

%088, 170; 8 246,689 and 8,852,289 In fact. steni manufacturers have attempied {o

L

address the bladder irritation problem in various wayvs, such as by varying the

materials {(e.g. softer, more lubricious plastics, wicking materials, otc.) and

producing designs to alter the shape and reduce the volume of material mn the

bladder segment (¢.g., tail stents, anchoring features to clininate as much as possible

the bladder component and the like). However, to date none have attained that goal.

16 One reason may be that the prior arl has not adequately recognized the effect of
renal motion.

While renal motion has been considered in stent design, it has been
underappreciated i regards to the comfort problem. In particular, more than simple
contact with the bladder surface, the discomfort caused by ureteral stenis is due

(5  principally to the combination of stent motion m the bladder and the unavoidable
dynamic mucosal contact of the mtravesical segment of the stent. This motion is
caused by the movement of the kidneys with respiration that cffectively lengthens
and then shortens the straight line ureteral length (i.¢., the distance between the renal
pelvis and the relatively fixed position of the arcteral orifice during each respiratory

206 ¢yele). The trigone and ureteral orifices are fixed anatomically in the pelvis by blood
vessels and nerves. On the other band, the kidoeys are highly mobide. With cvery
breath, the kidnevs are moving several centimeters up and down n the
retroperitoneun. They move as much as six centimeters or more with a deep breath
relative to the cssentially fixed position of the urcteral orifice at the base of the

25 bladder. In healthy individuals, all distance changes between the ureteral orifice and

kidney are managed by the lengthening and shortening of the very flexible,
somewhat redundant and clastic ureter. This includes straightening and recurving of
curved regions and truc urcteral tissue elasticty.

There is no wreferal stent vet produced that is designed to mimic these

(o8]
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normal anatomic characteristics of urgteral fonction. The middle segment of all
current stenis 1s just a siraight tube with no significant elasticity or intentional
capacity to match active anatomic ureteral curvature or length changes. All exasting

ureteral stents are simply designed (o coil or uncoil on the ends, or slide up or down
3
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in the ureter to manage the distance changes between the bladder and kidney that
occur with every breath. The fact that the proamal (renal end) of the stent is
essentially fixed within the kidney by the size of the coil relative to the size of the

renal pelvis (in most patients) means that any changes in the straight ling distance o

L

the ureteral ortfice are mechanically reconciled by motion of the stent 1n the bladder.
This physiologic kidnev movement is the major reason for stent discomfort, because
it causes the bladder portion of the stent to be constantly rubbing and/or poking the
trigone or other sensitive arca of the bladder wall and mucosa.
Evidence that stent motion in the bladder from normal physiologic kidney
16 movement is the major reason for stent discomfort includes the following. (1) it is
well known from performing millions of cystoscopics under local anesthesia or no
anesthesia, that the bladder mucosa and bladder wall in general are exquisitely
sensitive (o active touch from any cystoscopic nstrument. (2} Also, it 8 well known
from a past era when bladder stones were common, that when the patient was
t5  physically at rest the stones were typically asympiomatic, but, when the patient was
active, being jostled, or voiding, they caused discomfort. It was movement of the
stongs in the bladder, or bladder movement around the stones with voiding that
caused symptoms, rather than just their static presence. 50, movement of the bladder
segment of the sient has to play a similar role in the discomfort problem, much more
20 so than just the presence of a stationary object. (3) Finally, stent discomfort may be
chicited in a patient by deep breathing as opposed to holding their breath or very
shallow breathing. Also relevant i3 what may be termed the “tachyphylaxis of
touch”. One can take any sensitive arca of yvour body and touch it with your most
sensitive fingertip. If vou then hold cvervthing motiondess, within 10 scconds or less
25 you cannot detect, either with your fingertip or the area being touched, that there is
anything m contact (being touched). Movement or other sensory iritation such as
heat or cold is required for detection. These observations make up the key principle
of the thesis for a new approach to what can be referred to as a “comfort” stent, e,

a ureteral stent constructed in accordance with this invention.

(o8]
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As discussed above, the bladder mucosa and bladder wall in general arc
exquisticly sensitive to touch. So, constant or frequent intermittent movement of the
bladder segment of the sient i1s much more uritating to a patient than just the

presence of a stationary object. With the kidneys moving several centimeters up and
4
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down in the retroperitoneum during normal respiration and the inclasticity of current
ureteral stents, choosing an ideal size (Iength) stent for any patient s somewhat
difficult, and #t causes most urologists to err toward the long side for size mn order io

avoid any risk of retrograde migration. This increases the amount of steot mass and

L

movement i the bladder, further aggravating the discomfort problem.

The present invention is designed to resolve the physiclogic discrepancies of
existing stents with the normal urcter toward a better stent design with two essential
goals, but also with highly beneficial and unique secondary goals.

The first essential goal is to eliminate, as much as possible, any movement of
10 the stont segment that is present within the bladder caused by respiratory or other

anatonic movement of the kidneys. This means that all the distance changes with
kidney movement must be taken up, absorbed or otherwise reconciled in the muddle
(preferably) or kidney, segments of the stent.
The sccond essential goal is to choose a scgment shape and size at the
(5 distal/bladder end that will minimize the mucosal contact, prevent retrograde
migration and make it easy to achieve a relativelv motionless positioning of the stent
at the urcteral orifice.
Currently, all prior art ureteral stents cause a cessation of normal ureteral
peristalsis after being in place for a few davs. Why this occurs 1s poorly understood,
20 but it is believed to be a detrimental, 1f unavoidable, side effect. Also, when treating
renal stones with hithotripsy, it is alwavs most desirable to avoid placing a urcteral
stent 1f possible because the stent itseif can prevent the passage of stone debris,
Thus, there 15 a need for an mmproved ureteral stent to solve the pationt
comfort problem and other problems that currently are associated with all ureteral
25 stents because of non-physiologic movement and the bladder component. Such a
stent must provide adequate urinary drainage, but e¢liminate, or at least greatly
reduce, bladder irritation. The subject invention addresses that need by providing a
stent which 1s configured to address renal motion by dynamically changing length in

response to renal motion. Moreover, the stents of this invention more closely mimic

(o8]
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the normal wreter functionally, thereby providing potentially  advantageous
additional goals such as the preservation of normal ureteral peristalsis, and

mprovement in the passage of stone debris. Further still, the stents of this invention

(]
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may solve additional functional and physiologic problems associated with
conventional areteral stenis.
Al references cited herein are imcorporated hercin by reference in their

entireiies.

L

SUMMARY OF THE INVENTION

In accordance with one aspect of the invention there is provided a ureteral

stent for a hiving being. The urcteral stent comprises a proximal section, a distal
section and 3 middie or mtermediate section. The proximal section is configured for
disposition within the kidney of the hiving being and includes a tubular portion
10 having a first, ¢.g., contral, passageway extending therethrough and at least one
aperture in flhuid commumication with the interior of the kidnev and the first
passageway. The distal section is configured for disposition within the bladder of the
Living being and inchudes a portion configured for engaging a portion of the bladder
to anchor the distal section in place. The mtermediate scction is tubular and
5 comnected between the proximal section and the distal section. The mtermediate
section has a second, e.g., central, passageway extending therethrough that is in fluid
communication with the first passageway. The tntermediate section is configured for
location within a ureter of the being 1s also configured to elongate dynamically to
accommodate vreteral length changes i astomatic response to changes in spacing
206 between the kidoney and the bladder of the iving being.

In accordance with one preferred aspect of this invention, the proximal and
termediate sections are contigured to generate a retrograde tension force to hmit,
as mmich as possible, the motion of the distal section and to hold the distal section
against the urcteral orifice.

25 In accordance with another preferred aspect of this invention the distal end
section is configured to prevent retrograde migration and minimize muacosal contact.

In accordance with ancther preferred aspect of this tnvention the tubular
mtermediate section is configured to dynamically expand and contract in diameter to

assist in maintaining normal oreteral peristalsis and/or passage of kidney stone

(o8]
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debris therethrough.
In accordance with another preferred aspect of ithis invention the

intermediate section comprises a plurality of undulations.
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In accordance with another preferred aspect of this nvention the
intermediate section comprises a plurality of coils.
In accordance with another preferred aspect of this invention the plurality of

coils of the intermediate section together define the second passageway.

L

In accordance with another preferred aspect of this invention the plurality of
coils comprise portions of a contimuous wire, with the continnous wire inchuding a
portion extending along the tubular portion of the proximal section, and a portion
extending along the distal section.

In accordance with another preferred aspect of this mvention the distal
10 section comprises a generally planar ring,

In accordance with another preferred aspect of this ijnvention the
intermediate section includes a distally located open end having a central
longitudinal axis and wherein the distal end section comprises a planar ring
comnected to the distally located open end.

£5 In accordance with another preferred aspect of this invention the plane of the
generally planar ring 15 oriented approximately perpendicularly to the central
longitudinal axis.

In accordance with another preferred aspect of this invention the plane of the
gencrally planar ring 18 oriented approximately parallel to the central longitudinal

26 axis.

In accordance with another preferred aspect of this invention the generally
planar ring 1s formed of a shape memory material

In accordance with another preferred aspect of this mvention the proximal
section comprises a planar spiral.

25 In accordance with another aspect of this invention the proximal section
comprises a plurality of coils.

Aunocther aspect of this mvention is an anchor for a ureteral stent having a
proximal scction and an intermediate section. The proximal section is configured for

disposition within the kidoey of a living being and includes a tubular portion having

(o8]
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at least one aperture therein in communication with the interior of the kidnev. The
intermediate section 1s generally tubular and configured for disposition within the
ureter of the living being. The intermediate section 1s in fluid commumnication with

the proximal scction and terminates at an open end. The anchor is configured for

5
/
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disposition within the bladder of the being to prevent refrograde migration of the
stent and to minimize mucosal contact. The anchor comprises a ring and a plurahity
of filaments. The ring is formed of a shape memory material. Each of the filameuts

is connected to the intermediate section adjacent the open end and is also connected

L

to a respective portion of the ring.

In accordance with another aspect of this invention the open end of the
tubular intermediate section includes a central longitudinal axis and the ring forming
thc anchor 1is gencrally planar, with the planc thereof cxtending generally
perpendicularly to the central longitudinal axis of the tubular intermediate scetion.

16 Still another aspect of this invention is an anchor for a ureteral stent having a
proximal section and an intermediate section. The proximal section is configured for
disposition within the kidney of a hiving being and includes a tubular portion having
at least onc aperture therein in communication with the mierior of the kidney. The
mtermediate section is tubular and configured for disposition within the ureier of the

£5  living being. The infermediate section is m fluid communication with the proximal
section and terminates at an open end having a central longitudinal axis. The anchor
is configured for disposition withio the bladder of the being fo prevent retrograde
migration of the stent and to mmimize mucosal contact. The anchor comprises a ring
or other shape {ormed of a shape memory material. The ring 1s generally planar,

26 with the plane thercof being generally parallel {o the central longitudinal axis of the
mtermediate section.

In accordance with another aspect of this invention the ring i1s directly
connected to the open end of the intermediate section
In accordance with another aspect of this nvention the ring is indirectly
25 connected to the open end of the intermediate section by plural filaments.

DESCRIPTION OF THE DRAWING

Fig. 1 is an iHustration of one exemplary embodiment of a ureteral stent
construcied i accordance with this invention shown in place in the body of 3 living

human being;

(o8]
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Fig. 2 is an illustration similar to Fig. 1, but showing a conventional prior art
ureteral stent in place in the body of a iving human being;
Fig. 3 1s an isometric view, slightly enlarged, of the exemplary stent shown

mFig 1;
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Fig. 4 is an isomeiric view similar to Fig. 3, but showing an alternative
exemplary embodiment of a ureteral stent constructed in accordance with this
invention;

Fig. 5 is an msometric view sinular to Figo 3, bui showing still ancther

L

alternative exemplary embodiment of a ureteral stent constructed i accordance with
this invention;
Fig. ¢ 1s an enlarged sectional view taken along line 6 — 6 of Fig. 5;
Fig. 7 is an enlarged isometric view of the portion of the ureieral stent shown
within the broken line circle designated by the reference number 7 in Fig. §;
16 Fig. 8 is an isometric view simifar 1o Fig7 buwt showing an alternative
embodiment of the urcteral stent shown in Fig 5;
Fig. 9 is an enlarged sometric view of an alternative proximal segment or
section of a ureteral stent constructed 1 accordance with this inveniion;
Fig. 10 is an isometric view similar to Fig. 3, but showing yet another
(5 alternative exemplary embodiment of a urcteral stent constructed i accordance with
thig mvention;
Fig. 11 is an enlarged sectional view taken along line 11~ 11 of Fig. 10;
Fig. 12 1s an enlarged sectional view taken along line 12 — 12 of Fig. 10;
Fig. 13 1s an enlarged scctional view taken along line 13 — 13 of Fig. 10;
26 Fig. 14 is an enlarged sectional view taken along line 14 — 11 of Fig. 10; and
Fig. 15 1s an 1sometric view of a wirc with coiled scgments which forms a
precursor m the making of the alternative embodiment of the ureteral stent shown in
Fig 10.
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

25 Referring now to the varions figures of the drawing wherein like reference
characters refer to like parts, there is shown at 20 in Fig. 1 one cxemplary
embodiment of a ureteral stent constructed in accordance with this invention. Other
exemplary embodiments of ureteral stenis are shown in other figures and will be

discussed later. Suffice 1t for now (o state that all of the ureteral stenis of this

(o8]
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nvention include three segments or sections, namely, a proximal section configured
to be located w the kidney 10, an infermediate or middle section configured to be
located in the wreter 12, and a distal section configured o be located in the bladder

14, In this regard, the arcteral stents of this invention are similar to prior art ureteral
9



WO 2018/200060 PCT/US2018/017586

stents. However, unlike prior art urcteral stents the stents of this invention make use
of a middle, ureteral segment or section which serves as both the spring tensioning
and length adjustment components. Moreover, the ureteral stents of this mvention

have simple anchoring segments at both end sections, as will be described inn detail

L

iater.

Prior to describing the ureteral sienis of this imvention a brief discussion of a
typical prior art urcieral stent is in order. To that end, as can be seen in Fig. 2, onc
such prior art ureteral stent 2 is shown. That stent basically comprises a proxumal
{kidney) section 4, a middle (ureteral) section 6, and a distal (bladder) section 8. The
16  sections 4, 6 and 8 are preferably formed as an integral unit of any suitable flexuble,

biocompatible material. The proximal or kidney section in the form of a planar,
spiral tubular coil having a central passageway (not shown) extending at least
partially through it from a point adjacent is free end to the point at which it merges
with the urcteral section 6. The coiled section 1s configured to be located within the
5 kidney 10 and anchored therein by virtue of the spring-like nature of the coil. The
coil section 4 mcludes a plurality of apertures 4A in communication with the ceniral
passageway of the coil section into which uring or other body fluids from the kidney
can flow. The ureteral section 6 1s an clongated tubular member which when in place
extends through the uvreter from the coil section 4 through the ureteral orifice 14A
206 where # merges with the distal (bladder) section 8. The tubular ureteral seotion 6 18
generally the same outside diameter as the coil section 4 and has a central
passageway (not shown) extending through its entire length from the point at which
it merges with the kidney section to the point where it merges with the distal
{(bladder) section 4. The inner diameter of the central passagoway of the ureteral
25 scction 6 1s the same as the imner diameter of the central passageway of the kidney
section 4 and is i fluid commumication therewith so that fhad flowing into the
passageway from the kiduey section can pass down the central passageway i the
ureteral scction. Moreover, like the kidney section the ureteral section 6 unchudes a

plurality of apertures ©A along the length thercof and which are in flaid

(o8]
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commumcation with the central passageway of the vreteral section and the interior
of the ureter 12, The distal or bladder section 8 i the form of a spiral tubular coil
having a central passageway (not shown) extending at least partially through it from

a pomt adjacent its open free end to the pomt at which it merges with the wreteral
10
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section 6. The coiled section 8 is configured to be located within the bladder 14 and
anchored therein by virtue of the spring-like nature of the coil. The coil section 8
imclodes a plurality of apertures 8A i communication with the central passageway

of the coil section through which urine or other body fluids from the kidney can flow

L

rress into the bladder. If desired the coil section 8 may include retnieval

IS
&

for ¢

filaments 8B which extend out of the bladder to be used io effect the removal of the

stent.
While the urcteral stenis of this tnvention share several features of prior art
ureferal stents, like that shown n Fig. 2, the stents of this invention differ in several
16 significant respects. {n this regard, all of the wrcteral stenis of this invention are
designed m accordance with two critical goals, which arc not achicved by prior art
ureteral stents. The first goal is to climinate, as much as possible, anv movement of
the stent scgment that is present within the bladder during respiration. This means
that all the stent length changes with kidnev movement must be taken up, absorbed

£5  or otherwise reconciled n the middle (urcteral) segment or proximal (kidnev)
segment of the stent. The second goal is {0 choose a shape at the distal/bladder end
that will minumize the mucosal contact, prevent retrograde migration and make #
casy to achieve a relatively motionless positioning of the stent at or wmmediately
adjacent to the ureteral orifice.

20 To achieve the first goal requires a region in the stent, proximal to the
bladder segment that will expand and coniract in length. Length change of at lcast 5
cm or greater, for an adult patient, must be accommodated with minimal changes in
any internal tension force in the stent. Also, required is a relatively constant, small,
tension force in the proximal diwection on the distal, intravesical (bladder) segment

25 of the stent. Some force in this direction must be present continuousty to keep this

bladder segment seated, as motionless as possible and essentially fixed {(munimum

relative motion) in position at or near to the urcteral orifice. It is estimated that a

physiologically safe and adequate range of force that will achicve these goals is

approxamately 0.000 to 0.02 Newton, with a more desirable range being 0.0001 -

(o8]
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(.61 Newton, and with the most desirable range being 0.0005 — 0.003 Newton. This
constant “pulling” force must be generated by one or both of the upper two segments
of the sient, while the kidney segment serves as the “anchor” to provide the

counterforce.
11
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Turming now to Figs. 1 and 3, it can be seen that the exemplary embodiment
of the ureteral stent 20 shown therein basically comprises an integral anit which is
made up in sequence of a proximal (adnev) section 22, a middle (ureteral) section

24, and a distal {bladder) section 26. The proximal section is i the form of a planar

L

spiral tubular cotl 22A constructed like the distal cotled scction of many prior art
ureteral stents, ¢.g., cotled section 4 of Fig. 2. Thus, the kidney section 22 15 formed
of a flexible material defining a thin sidewall through which a central passageway
(not shown) extends. That passageway extends at least partially through the kidney
section from a pomnt adjacent its free end 22A to the pomnt 228 at which it merges
10 with the urcteral section 24, The coded section 22 is configured o be located within
the kidney 10 and anchored thercin by virtue of the spring-like nature of the coil.
The coil 22 includes a plurality of apertures 22C m communication with the central
passageway of the coil section into which urine or other body fluids from the kidney
can flow.
£5 The middle or ureteral section 24 1s an elongated tubular member of
generally the same outside diameter as the kidney section 22 and has a central
passageway (not shown} extending through its entire length from the point 22B at
which # merges with the kidoey section 22 to its distally located free end 24A. The
free end 24A is open. The inner diameter of the central passageway of the wreteral
20 section 24 is the same as the inner diameter of the central passageway of the kidoey
section 22 and s in fluid communication therewith so that fluid flowing mto the
passageway from the Kidney section can pass down the central passageway in the
ureteral section 24 Moreover, the ureteral section includes a plurality of apertures
24C along the length thercof and which are in fluid communication with the central
25 passageway of the ureteral section and the mterior of the ureter 12, Unlike prior art
urcter sections, the middie uyreter section 24 of the ureteral stent 20 15 in the form of
a tension inducing “memory” spring in an undulating {¢.g., sinusoidal) shape that is
made up of a plurality of serially located undulations 240 The plural undulations

24D coupled with the fact that the material making up the ureter section 24 i
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flexible and resilient enables the ureter section to automatically expand and contract
m length in response to movement between the kidney and the bladder. The length
of the undulations n this segment will be determined by thew shape and dimensions

necessary to achieve the deswred in-situ length changes with respiration, while
12
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maintaining a relatively constant tension force as described above. The space in the
ureter created by this region of the steni in any cross-scctional view will vary
depending on how the stent is being stretched and anatomical factors. Correctly

stized for imitial length, this configuration will fit comfortably within the body of the

L

ureter and fully absorb any length changes required by respiratory movement of the
kidnev. The highly clastic and mobile vreter will readily adapt to such internal
shapes, and the pulling force that results from the tension spring “memory” on the
ends of the stent will remain fairly constant as long as the undulations are not
straightened completely, 1.¢., some degree of undulation remain. It should be noted
10 that the when the urcteral stent 20 is placed over a guidewire for insertion, the
straightcned stent may be around 6 cm, or more, longer than the measured ureteral
length of the stent at rest. Proper sizing for a patient will take this mto account.
As best seen in Fig. 3 a short length 24E of the ureter scction contignoas
with the open free end 24 A 1s generally linear, 1.¢., docsn’t include anv undulations
(5 24D, That portion 24E of the ureter section has a longitudinally extending central
axis A and is configured to be located within the wreter adjacent ureteral orifice 14
when the ureteral stent 20 is in place.
The distal or bladder segment 26, which serves as the mtravesical segment of
the ureieral stent 20 is best seen in Fig. 3 and basically comprises a ring 26A and
26 plural, e.g.. four, strings or filaments 26B. The sirings may be somewhat similar to
that of the Polaris Loop™ stent sold by Boston Scientific Corporation and shown in
U.S. 8,845,752, To that end, one could take the same termmation of the stent body at
the distal end of the Polaris Loop™ stent but fuse a generally planar ring 26A to the
distal portions of the loops to achicve a four siring symmetrical connection to the
25 collapsible ring. This achieves a parachute cffect under tension such that the four
strings 26B will maintain a relatively open passage for urine through the
ureterovesical junction while being kess obstructing of the orifice and intramural
ureter in the case of stone passage. The planar ring 26A 15 configured so that its

plane 1s generally perpendicalar to the longitudinal central axis A of the distal end

(o8]
<

portion of the middie (urcteral} section 24, Moreover, the ring 26A is sized io
strongly resist retrograde migration, provide an excellent handle for stent removal
and absoluiely minimize mucosal contact. To achieve this, it is estimated that the

ring should be approximately 15 mm diameter or larger, {e.g. 12 to 25 mm

i3
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diameter). The ring may be formed of a shape memory metal, ¢.g., Nitinol, and may
be coated with plastic if desired. Also, there is potential for the natural anti-refhux
mechanism to remain functional with this configuration. Moreover, while the ring is

secured to the free end 34A of the ureteral section 24 by four strings 248, that is

L

merely exemplary. Accordinglv, any number of strings can be used providing the

arrangement produces a parachule effect wherein the ring is open and located within

the bladder, with the strings 248 extending through the urcteral orifice 14A such

that they become more parallel to cach other and connect to the open free end 248

of the ureteral section 24,

16 It should be pointed out at this juncture that while the use of the ring-hke
bladder segment 26 as just described is preferable, it is contemplated that other
bladder segment construction can be utilized if desired and appropriate. For
example, a suitable prior art bladder segment can be used n the ureteral stent 20 in
licu of the bladder segment 26. Une such type of suitable bladder segment is found

t5 1n g stent which 1s sometimes referred to as a “vortex” stent, wherein the bladder
segment is 1 the form a tlexible ring and an associated funnel shaped enlargement
{0 serve as the retention shape. Vortex stents are shown in previously identified US.
Patent Nos.: 6,764,519; 7.316,663; 8, 088,170; and 8,852,289, Moreover, anti-reflux
flap valves may be used as described in those patents if this type of bladder segment

26 shape is chosen.

Turming now to Fig. 4 therc is shown another exemplary embodiment of a
ureieral sient 120 constructed n accordance with this invention. The ureteral sient
120 is identical to the ureteral stent 20, except for the nmuddle (ureteral) section
Thus, in the interest of brevity the components of the ureteral stent 120 which are

25 comumon to the vreteral stent 20 will be given the same reference numbers and the

details of thetr construction and operation will not be reiterated. To that end, it can

be seen the ureteral stent 120 basically comprises a proximal (kidoey) segment or
section 22, a middle (urcteral) segment or scction 124, and a distal (bladder)

segment or section 26, The middie (ureteral) section 124 s an clongated tubular
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member of generally the same outside diameter as the kidney section 22 and has a
ceniral passageway (not shown) extending through its entie length from the point
228 at which it merges with the kidney section 22 o its distally located free end

244 The free end 24A 18 open. The mmer diameter of the central passageway of the
14
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ureteral section 124 is the same as the imner diamefer of the ceniral passageway of
the kidney section 22 and 13 i {luid communication therewith so that fhud flowing
into the passageway from the kidney section can pass down the contral passageway

in the ureteral section 24, Morgover, the ureteral seciion includes a plurality of

L

apertures 24C along the length thereof and which are in fluid communication with
the central passageway of the ureteral section and the interior of the ureter 12.

Like the urcter section 24 of the ureteral stent 20, the urcter section 124 of
the ureter stent 120 is in the form of a tension inducing “memory” spring. In this
case the memory spring is m the form of a helical coil that is made up of a plurality
16 of serially located helices or coils 124D The plurality of coils 124D coupled with

the fact that the material making up the urcter section 124 1s flexible and resilient
enables the ureter section o automatically expand and contract in length in response
to movement between the kidney and the bladder. The length of the coils in this
segment will be deternined by their shape and dunensions necessary to achicve the
5  deswwred m-situ length changes with respiration, while mamtaiming a relatively
constant tension force as described above. The space m the wreter created by this
region of the stent in any cross-sectional view will vary dependimng on how the stent
is bemg siretched and anatomical factors. Correctly sized for mitial length, this
design will fit comforiably within the body of the ureter and fully absorb any length
26 changes required by respiratory movement of the kidney. The highly elastic and
mobile ureter will readily adapt to such indernal shapes, and the pulling force that
results from the tension spring “memory” on the ends of the stent will remain faly
constant as long as the coils arc not straightened completely, 1e.. some degree of
curvature remain. it should be noted that when the ureteral stent 120 is placed over a
25 guwdewire for insertion, the straightened stent may be around 6 ¢m, or more, longer
than the measured ureteral length of the stent at rest. Proper sizing for a patient will
take this into account.
Turming now to Fig. 5 there is shown another and more preferred exemplary

embodiment of a ureteral stent 220 constructed in accordance with this mmvention.
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The ureteral stent 120 i identical to the ureteral stent 20, except for the middie
{ureteral) section and the distal (bladder) section. Thus, m the interest of brevity the
components of the ureteral stent 220 which are common to the ureteral stent 20 will

be given the same reference numbers and the details of their construction and
15
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operation will not be reiterated. To that end, it can be scen the urcteral stent 220 1s
an integral unit that basically comprises m sequence a thin-walled tubular proximal
(kidney} segment or section 22, a muddle (urcieral) segment or section 224, and a

distal (bladder) segment or section 126, The muddle (ureteral) section 224 15 an

L

clongated member of generally the same outside diameter as the kidnev section 22,
In the exemplary embodiment shown the ureteral section 224 is an integral unit
composed of plural elongated tubular sections 224A, 2248 and 224C and plural
tightly wound helical coil sections 224D and 224E. Each of the coil sections 224D
and 224E 1s wound very closely into a, more or less, fully collapsed tension spring
1¢  shape when at rest. Each of the tubular sections 224A, 2248 and 22C is an clongated
tubular member having a central passageway (not shown) extending thercthrough.
Each tubular section 224A, 2248 and 224C mcludes a plurality of apertures 24C
fluid communication with the central passageway of the section and the interior of
the urcter. The proximal end of the tubular section 224 A 1s connccted to and merges
£5  with the distal end of the kadney scction 27 so that their central passageways are in
fluid communication with cach other. The tightly wound coil section 224D i3 in the
form of a solid bodied helical coil that is comnected between the distal cnd of the
tubular section 224 A and the proximal end of the tubular section 224B. The tightly
wound coil section 224D 18 of approximaigly the same outside diameter as the
26 tubular scctions 224A and 224B and includes a central passageway 230 (Fig. 6)
extending therethrough which i1s in fluid communication with the central
passageways of the tubular sections 224A and 2248, The tightly wound coil section
224E is constructed like the tightly wound coil section 224D and is conmected
between the distal end of the tubular section 224B and the proximal end of the
25 tubular section 224, Thus, the tubular section 2248 forms what may be referred io
as a “node” of the middle (ureteral) section 224, The node section 224B is somewhat
resistant to longiiudinal expansion and coniraction for reasons to be described later.
The tightly would cotl section 224E is of approximately the same outside diameter

as the tubular sections 224B and 224C and inecludes a central passageway 230 (Fig.
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6) exiending thercthrough which s in fhuid communication with the central
passageways of the tubular sections 2248 and 224C. The distal end of the tubular

section 224C 1s open at 224F and has a central longitudinally extending axis A.

6
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The distal (bladder) section 126 of the urcteral stent 220 is shown m Figs. §
and 7. 7 18 1n the form of collapsible, planar ring 126A, or other shape as may be
preferred such as an oval, D-shape or rectangle, that i3 directly fixedly secured (e.g,

fused, welded, etc.) to the free {open} end 224F of the tubular section 224C. The ring

L

can be of any suitable size, ¢.g.. approximately 15 mun diameter, but other sizes and

shapes are also contemplated. The cross sectional arca of the ring material{s) s

preferably circular and of a diamcter of approximately ¥ — 2 mm. if desired the

shape of the ring may be oval or some other shape such that its outer periphery is

curved perpendicular the plane of the ring. Moreover, the ring may be coated with

16 plastic or uncoated. As best seen in Fig. 7, the plane of the ring 126A is oriented

such that its diameter is aligned approximately with the centerline axis of the tubular

section 224C whercupon the plane of the ring 126A is parallel to the central axis A.

Therefore, the tension force generated by the dynamic stretching of the stent 220

with kidney movement and with correct sizing of the initial stent length n the

£5  patient (such that there 1s some streiching of the stent from 1is resting state when the

kidney 1s as close as it can be anatomically from the ureteral orifice physiologically

in that paticot) is sufficient to hold an arc-hike portion 126B of the ring 126A

consistently agaimst the urcteral orifice within the bladder 14. The span of the arc-

like portion 126B and the stiffness of the ring 126A are mtended to be sufficient to

26 provent retrograde migration of the ureteral stent 220. This design climinates the

need for any strings (though a short string or strings may be used in this same

configuration, if desired), and may further minmuze wmatenal and material
movement in the bladder.

In Fig. & there is shown an alternative embodiment 326 of the distal (bladder)

25 scction 126 shown in Fig. 7. The distal section 326 is identical mn construction to the

distal section 126 except for the manner in which it s secured to the open distal end

224F of the tobular section 224C. In the inierest of brevity the components of the

distal section 326 which arc common to the distal section 126 will be given the same

reference numbers and the details of their construction and operation will not be

(o8]
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reiterated. To that end. as can be scen in Fig. & the ring 120A is secured to the free
{open) end 224F of the tubular section 224C by a pair of short flexible filament

sections 3264,
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It should be noted at this juncture that the distal section 126 of the wreteral
stent 220 need not make ase of the ring-like structure shown m Figs. 5 and 7.
Instead, the distal section of the ureteral stent 220 may be constructed similarly to

the distal section 26 of the ureteral stenis 20 and 120 described heretofore. In fact,
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the distal scction of the urcteral stent 220 can be constructed like that of
conventional “vortex” ureteral stents, such as those disclosed above.

As will be appreciated by those skilled 1n the art, since the solid bodied
tightly wound coil sections 224D and 224F are wound very closely into a, more or
less, fully collapsed tension spring shape when at rest, the ureteral stent 220 forms a
16 closed tubular shape prior to msertion in a patient, with inner lumen diameter and

outer diameter dimensions essentially the same as the tubular body of the stent
segments 22 and 126 fo which it 1s connected. Thus, this tightly wound tension
spring section effectively forms a hollow tube with an outside and nside diameter
comparable to a normal straight tubular stent. Initial sterd length will be chosen for
(5  any patient so that when inserted and in proper position in-situ in a patient, one or
more of the spring sections 224D and 224E will be at least partially expanded to
achieve a tension force within the desired range required for ideal stent function, and
adequate additional length accommodation will be in reserve to handle all kidnev
movement while maintaming tension force in the desired range. While the
26 exemplary embodiment shown in Fig. 5 makes use of three tubular sections 224A,
2248 and 224C and two tightly wound coil sections 224D and 224E, that
arrangement 1s merely exemplary of various arrangements that can be made so that
the ureieral section includes at least one tubular section and at least one tightly
wound coil section.
25 Irrespective of the number of tubular and tightly wound coil sections used,
the ureteral stent should perform the required length changes within the tension
force range desired. as well as provide excellent urinary drainage when the overall
stent length is correctly sized for a given patient. Advantages of the stent 220, when

compared to the embodiments of Figs. 3 and 4, include ifs more conventional look,
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the spacing and multiplicity of spring sections aliow it to handle great anatomic
variation, and perhaps, greater length changes may be accommodated with relatively
minimal “delta”™ n the tension force. Disadvantages may mclude some imcreased

complexity and cost of manufacturing. The spring sections could be made of a
18
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nicke! titanium, shape memory, allov, coated or not, or other spring material of
plastic or remnforced plastic composite materials. They may be attached scamlessly
o the tubular sections of the stent monolithically via a molding process or via

adhesives and/or mechanical methods.

L

Alternatively, and perbaps simplest of all, the entwe stent 220 may be
constructed as a continuous wire, tightly cotled n the kidney and ureteral segmenis
and then formed into a closed loop at the bladder end scgment. That alternative
ermbodiment of a ureteral stent is shown in Fig. 10 and designated by the reference
number 320, The stent 320 1s similar i construction and virtually identical in
16 operation to the ureteral stent 220, but with a fow structural differences. In

particular, the stent 320 s fabricated or formed from a continuous wire 302, which is
shown in Fig. 15. The continuous wire thus forms a precursor for the stent 320, The
consiruction of the stent 320, its wire precursor 302 and the manner of making the
stent will be described in detail shorily. Suffice it for now to state that the stent 320,
5 like the stent 220, has the appearance of a fawly typical prior art ureteral stent when
at rest ex-situ. Thus, it allows all standard handling techniques for msertion and
removal to be used and should provide excellent urinary drainage because # has the
overall proven tubular charactenstics and shape of most common prior art stents.
However, unlike prior art wreteral stents, the stent 320, hke other stents of this
20 invention, makes use of a middle, ureteral segment to provide and control both the
spring tensioning and length adjustment teatures. Moreover, the stent 320 bas simple
anchoring segments at both the proximal and distal end sections.
Tuming now to Fig. 15, it can be seen that the wire precursor 302 of the stent
320 15 in the form of a continuous, integral wire, which includes 1o sequence from
25 the proximal end a spiral coil section 304 A, a generally lincar section 3048, a tightly
helically coiled section 304C, ancther generally linear section 304D, anocther a
tightly helically coiled section 304E, another generally linear section 304F, another
tightly helically cotled scction 304G, generally lbinear section 304H, and an oval
closed loop scction 3041 The wire sections 304A and 304B make up the proximal
(kidney} section of the stent 320 The sections 304C, 322C, 304E, 322D, 304K,
322D, 304G, and 322E make up the middle segment 324 of the stent 320, The
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section 3041 makes up the distal (bladder) section of the stent 320

19
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The wire precursor 302 used to make the stent 320 is preferably made of a
metal alloy that has excellent longevity functioning as a fension spring. One such
alloy that may be used in this capacity 1s a nickel titanium type, one example being

Nitinol It may also be possible to use a spring steel or other safe and biocompatible

L

material. Each of the tightly coiled helical sections 304C, 304E and 304G is similar
in construction {o the sections 224D and 224E of the stent 220. Thus, cach section
304C, 304E and 304G mncludes a central passageway extending through the section
The spiral coil section 304A has a standard memory curled shape at the
proximal (kidnev) end. The wire at spiral coil section 304 A and its contiguous linear
16 section 304B arc overmolded by a flexible plastic polvimer, ¢.g., silicone, to form
respective thin-walled tubular sections 322A and 3228 similar to the corresponding
sections of the stent 220. The section 322A thus ncludes a sidewall surrounding a
central passageway in which the wire making up the spiral coil section 304A s
ermbedded, whercupon the coil section 304A extends longitudinally through the
15 section 322A. Like the sidewall of the section 22B of the stent 220, the sidewall of
the section 322A also includes a plurality of apertures 22C extending through # and
in fhud communication with the central passageway. The proximal or free end of the
section 322A 1s open.
It should be pointed out at this juncture that the memory curled shape of the
26 section 322A may be achieved in a number of ways other than making use of the
memory of the wire section 304 A of the precursor wire 302. For exaraple, the plastic
overmolding material making up section 322A can provide the shape memory by
itseif or i combination with shape memory of the wire section 304A.
Since the generally lincar wire section 3048 1s overmolded with the plastic
25 polvmer as mentioned above to form a generally lincar tubular scetion 3228, the
wire section 304A is thus embedded in that section and extends longitudinally
through that section. Moreover, the sidowall of the section 322B i3 of the same
outside diameter as the sidewall of the section 322A and also includes a central

passageway exiending therethrough. That central passageway is shown in Fig 11, 1s
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designated by the reference number 306 and is in fluid communication with the
ceniral passageway in the section 322A. The sidewall of the section 322A also
mcludes a plarabity of apertures 22C extending through i in fluid commumcation

with the central passageway 306,
20
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The generally hincar section 304D of the precursor wire 302 is overmolded
stmilarly to section 304B to form a generally tubular “node™ section 322C, which
like the node section described carlier is  essentially resistant to longitudinal

cxpansion and contraction. The sidewall of the node section 322C is of the same

L

outside diameter as the sidewall of the section 3228 and also includes a central

passageway 300 (Fig. 12). The generally lincar scction 304F of the precursor wire

302 is overmolded similarly to section 304B to form another generally tubular node

section 322D, which is also ecssentially resistant to longitudinal expansion and

contraction. The sidewall of the section 322D 1s of the same outside diameter as the

10 sidewall of the node section 322C and also mchudes a central passageway 306 (Fig.
13).

The generally hincar section 304H of the precursor wire 302 15 overmolded
similarly to section 304B to form ancther generally tubular section 322E. The
stdewall of the section 322F is of the same outside diameter as the sidewall of the

£5  node sections 322C and 3220 and also includes a central passageway 306 (Fig. 14).

Like the nuddle section of the stent 220, the nuddle section 324 of the stent
320 takes full advantage of the tension spring capacity and clasticity of the wire
coils 1s a straight (at rest), spiral, hollow, tube-like region for the full length n the
middle segment. It 1s this segment that will determine the length /size chosen for a

20 particular patient. There must be sufficient length expansion capacity in this segment
to achieve the dynamic length changes from kidney movement within the designed
tension force parameters. This middle section will likely benefit from the mclusion
of the intermittent short lengths of adherent polymer overcoating or overmolding
that forms the nodes 322C and 322D As described above, these nodes are

25 ecssentially resistant to expansion/contraction. As such they will likely add some

stability to the stent for improving uniformity of movement along the length of the
middle segment or section, .., they may tend to equalize the dynamic expansion
and contraction of the coil portions of the middle scgment or scction. Moreover, the

use of the nodes may also facilitale case of handling,

(o8]
<

It should be noted at this juncture that the subject invention ¢contemplates
modification of the middie section 324 of the stent 320 so that instead of being made
using a precursor wire having sections 304C, 304D, 304E, 304F and 304G, the stent

will be made of a precursor wire mcluding the proximal sections 304A and 304B
21
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and the distal section 304H and 0341, but with a single intermediate or middie coil
section mterposed between the proximal and distal sections. Such a single middie
cotl section would be constructed like any of the coil sections 304C, 304E and

3044, but would be of a length equal to the combined lengths of those coil sections

L

and the lincar wire sections 304D and 304F. Morcover, that intermediate coil
section would make use of a plastic polymer that is overcoated or overmolded onto
two spaced-apart portions of the middle coil sections corresponding to the length
and location of the lincar sections 304D and 304F of the precursor wire 302, That
arrangement will effectively produce two nodes similar to the nodes 322C and 3220
16  since the overmolding will prevent longitudinal elastic expansion and contraction of
the wire coils at the nodes. Thus, the overmolded soctions m this altornative
embodiment of the stent 320, should serve o equalize the dynamic expansion and
contraction of the portions of the mtermediate coil section which are not
overmolded, thereby enhancing the dynamic operation of that alternative stent in the
(5  same manner as the nodes 322C and 322D of the stent 320 function.

It should be pointed out at this juncture, that while the embodiment 320
makes use of two nodes that s merely exemplary., As such, the middle or
intermediate section of the sient may make use of as many nodes, as deswed for the
particular apphcation. In fact, the middle section of the stent need not mchude any

2¢  unode, but may be expandable and contractible along its entire length.

As best seen in Fig. 10 the bladder segment of the stent 320 1s in the form of
a closed loop 322F. In the exemplary embodmment shown if 13 in the form of an oval,
but can be of other shapes, if desired. In any case i is preferably a closed loop
formed from the same precursor wire 302, fn particular the distal ¢nd of the

25 precursor wire 302 is looped back to form the loop segment 3041 and 1s secured
thereto by a weld or other sccurement means. The looped wire section 3041 is
overmolded with the same plastic as thal used to form the segments 3224, 322B,
322C, 322D, and 322E to result in a coated closed loop or ring segment 322F.

The oval loop/ring segment 18 preferably oriented to have the long side of the
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oval loop against the wreteral orifice and have the short side aligned with the
longitudimnal axis A of the stent. Moreover, the closed loop or ring 322F is sized and
oriented to resist retrograde migration, provide an excellent handle for stent removal

and absoluiely minimize mocosal contact. To achieve this, # is estimated that the
22
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long axis of the ring should be approximately 15 nun. The short axis may be
approximately 10 mm. The overmolding of the wire loop 3041 with the plastic
polymer should improve comfort and other functional characteristics.

When sized correctly and in-situ, the middle, ureteral segment 324 ideally
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will always will be slightly cxpanded and inducing a light, relatively counstant
tension on the proximal and distal end segments as previously described. The
length(s) and windings per centimeter of the cxpanding and coniracting clastic spiral
coil regions m the middle segment will determine what is required to achieve the
desired length changes with kidney movement while maintaining a relatively
10 constant tension force as described above. Morcover, and quite significantly the
dynamic longitudmal cxpansion/contraction features of the middic segments of the
stents of this invention {particularly, the stents 220 and 320 and others like them),
will alsg exhibit some expansion and contraction of the outside diameter of the
coiled scctions of the middle scgment in addition fo the dynamic lfongitudmnal
(5  expansion and contraction of middle segment. The dynamic expansion and
contraction of the outside diameter of the coiled sections should have a significant
beneficial effect in addition to providing increased comfort. In particular, the
dynamic expansion and contraction of the outside diameter of the middle segment of
the stents should provide some assistance or enhancement of the normal peristallic
26 function of the urcter, something prior art stents are incapable of achieving since
they remain of constant diameter in use.

As should be appreciated by those skilled m the art, the cross-sectional area
of the ureter created by this region of the stent in any ¢ross-sectional vigw may vary
shightly depending on how the stent is being streiched. For example, if the inttial

25 circumference of the stent 1s say 6.5 French (6.5 mm), then at 50% of theoretical
maxinum streteh {e.g., ~6 cm out of a maxaimum of 12 cm possible streteh) the
theorgtical stent circumference may decrease (0 ~3 mm (5 French). But, in general,
by choosing a sufficiently small diameter wire and a sufficient number of coil

windings per centimeter of length i this region at rest, the functional diameter
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changes with expansion and contraction of this niddle segment should never be so
great as to compromise urinary drainage.
The stents of this invention can be mserted and removed by emploving

gsutdewires, pushers and extraction methods that are well known in wrology practice.
23
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Also, a small magnet could be placed on the distal side of the bladder ring to
facilitate magnetic removal techniques. The surgeon will choose a length based on
the shortest phvsiologic length measared between the uretero-pelvic junction of the

renal pelvis and urcteral orifice. The simple ring/oval shape of the segment in the
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bladder will minimize nwucosal contact and clinvnate any sharp cods, vet be readily
comprassed as needed o pass through a cystoscope for insertion/removal.
Turming now to Fig. 9 there is shown an alternative proximal {renal) section
422 which can be used i any of the urcteral stents of this mvention. In particular, as
can be seen the proximal (renal) section 422 mcludes plural helical coils 422A,
16 4228 and 422C and 2 loop section 422D which extends into the central opening of
those coils. The coils and the loop section cooperate to manage both the length and
force requirements. However, one potential problem with such an arrangement is
that there s a risk of “knotting”, where the end of the stent section curls nside itsell
and forms a knot making the stent difficult, if not impossible, to remove by standard
5 techniques. Also, while the size (volume) of the renal pelvis and collecting system in
the kidney can vary dramatically, since it is more commonly guite small, often there
would not be sufficient space for this type of multi-coil/loop anchor to operate
properly. Therefore, it i1s preferred that the ureteral stent have a simple curled shape,
¢.g., like sections 22, and just serve as an anchor for the kidoney end of the stent.
26 Then the tension or “pulling” force, the force maintenance requirements and the
desired length changes are managed in the middle, urcteral scgment of the stent.

As should become apparent to those skilled m the art from the foregoing
discussion, that while mechanically i is possible to achicve a reliable functioning
stent with these characteristics using multicomponent screw-like mechanisms

25 involving torsion springs and the like, or tension or compression springs and
telescoping elements, such arrangements are most likely to fail or be problematic
the arcas of msertion, removal and/or longevity i the urinary milieu. Also, material
clasticity alone or i combination with these mechanisms, while theorctically

possible,  scems less bkely to offer ideal solutions because of the delicate and

(o8]
<

limited range of force needed with relatively large changes 1 length. Fortunately,
the ureteral stents of the subject imvention do not present these problems and should
allow all standard handling techmigques for msertion and removal to be used

Moreover, the ureteral stents of this mvention should clearly provide excellent
24
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urinary drainage. They use the middle, urcieral segment of the stent itself as both the
spring tensioning and length adjustment components and have simple anchoring
segments at both end segments. In particelar, the stents of this invention make use of

a middle scgment that remains or has the skeletal structure of a continnous tube, but

L

functions as a tension inducing “memory” spring formed by plural undulations,
helical cotls, or other spring-tikc shapes for a chosen length of this ureteral segment.
The length of the memory spring in the nuddle segment will be determined by the
shape and dimensions of the coils, undulations or the like necessary to achicve the
desired m-situ length changes with respiration while mamtaming a relatively
16 constant tension force as described above. The space in the ureter created by this
region of the stent in any cross-sectional view will vary depending on how the stent
is bemg stretched and anatomical factors. Correctly sized for mitial length, the stents
of this invention will fit comfortably within the body of the urcter and fully absorb
any length changes required by respiratory movement of the kidoey. The highly
(5 elastic and mobile ureter will readily adapt to such internal shapes, and the pulling
force that results from the tension spring “memory” on the ends of the stent will
remain fairly constant as long as some helical, sinusoidal, or coil spring shape
remains. When placed over a guidewire for insertion, in some embodiments the
straighiened stent may be around 6 ¢m, or more, longer than the measured ureteral

26 length of the stent at rest. Proper sizing for a patient will take this nto account.
General characteristics of the ureteral stents of this invention include the
precepts that resistance to uncoiling in the proximal, kidnev segment of the stent will
be greater than the force typically generated by the springs or the coils in the ureteral
segment when sized correctly for a given patient. And, the resistance to collapse and
25 retrograde movement of the ring or other memory shaped anchor at the distal,
bladder segment of the steni, optimally, will be greater than the resistance to

uncoiling at the proximal, kidney end.

Stent construction and materials are expected to be those currentlv applied in

the marketplace or proven to be biccompatible for human implantation or in the

(o8]
<

urinary milicu, including all materials and methods described m the prior art sient
patents. Any metal component(s) may be encased or otherwise coated with plastic.
The durometer of any plastic used may vary along the length of the sient to achieve

the desired flexability, elasticity and other {unctional characieristics. Lubricious
25
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coatings may be used and coatings or additives to the construction materials such as
antibiotics or antiseptics o delay infection and chemical agents to reduce
crystallization of urine may be used.

It is believed that the stents of the subject invention should not be inferior in

L

any respect to urcieral stents already in use for prowviding a urime conduit and
excellent functional dramage. A point for consideration that might be raised is what
effect a helical coil, like the embodiment of Fig. 4, in the bodv of the ureter could
have over time. Clearly, it may have 3 bending and/or dilating cffect along the
course of the ureter both immediately and over time. It should be stated that the
16 normal ureter is both highly flexible and clastic, so one can expect normal ureter to
contour somewhat closely to the shape of the stent. Abnormal sections of ureter may
be fixed and rigid and will control the shape of the stent in the arca of urcter where
that abnormality is present. I there is a portion of the urcter that is dilated, then the
helical shape of the stent will move freelv within it. Thus, there should be little or no
£5  concern that the helical coils of the ureteral segment of the sient could cause erosion
or otherwise harm the ureter to any greater degree than a standard “straight” ureteral
stent. In any case, if a coiled middle section stent, like that of Fig 4, 15 considered
problematic then the coil springs of Figs. 5 and 10 bypass these considerations.
Hence at present the embodiment of the ureteral stents 220 and 320 as shown in
26 Figs. 5 and 10, respectively, are ihe most preferred for that reason and the other
reasons stated previousty. That said the subject inveniion conteraplates various
changes and modifications to the stents 220 and 320 and to the other stents disclosed

and described herein.
Without further elaboration the foregoing will so fully illustrate my mvention
25 that others may, by applving current or future knowledge, adopt the same for use

under vartous conditions of service.
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CLAIMS

I claim:
1. A wreteral stent comprising;
a) a proximal scction configured for disposition within the kidney of a
5 living being, said proximal section including a tubular portion having at least one
aperture therein i fluid communication with the interior of the kiduey;
b} a distal section configured for disposition within the bladder of the
Living being, said distal section melhuding a portion configured for engaging a portion
of the bladder o anchor said distal section in place; and
10 c) a tubular intermediate section connected between said proximal
section and said distal section, said tubular intermediate section having a central
passageway exiending therethrough, said central passageway being in fluid
communication with said tubular portion of said proximal section, said tubular

mtermediate section being configured for location within a ureter of the being to

[o
e

clongate dynamically to accommodate ureteral length changes in automatic response
to changes in spacing between the kidney and the bladder of the living beng.

2. The ureteral stent of Claim 1 wherein said proximal and intermediate
sections are configured to genecraie a retrograde tension force to hold smd distal
section in a stable position adjacent to or  against the ureteral orifice.

20 3. The ureteral stent of Claim § wherein said distal section is configured
to prevent retrograde migration and minimize muocosal contact.

4, The ureteral stent of Claim 1 wherein said tubular intermediate
section is configured to dynamically expand and countract in diameter to assist in
peristaltic action of the ureter.

25 5. The wreteral stemt of Claim 1 wherein said intermediate section
comprises a plurality of undulations.

6. The wreteral stent of Claim 1 wherein said intermediate section

comprises a plurality of coils.

7. The wreteral stent of Claim 6 wherein each of said plurality of coils

30 together define a central passageway, said central passageway of said pluraiity of
coils being m floid communication with said central passageway of said tobular

mntermediate section.

R
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8. The urcteral stent of Claim 7 wherein said plurality of coils comprise
portions of a continuous wire, said contimuous wire mecluding a portion exiending
along said tubular portion of said proximal section, and a portion forming said distal

section.

L

9. The urcteral stent of Claim 8 wherein said distal section comprises a
generally planar ring.

10, The urcteral stent of Claim | whercin said tubular intermediate
section includes a distally located open end having a central longiudinal axis and
wherein said distal section comprises a generally planar ring connected o said
16 distally located open end.

11 The ureteral stent of Claim 10 wherein the plane of said gonerally
planar ring is oriented approximately perpendicularly to said central longitudmal
axis.

12, The urcteral stent of Claim 10 wherein the plane of said generally

5 planar ring 1s oriented approximately parallel to said central longitudinal axis

13 The ureteral stent of Claim 10 wherein said ring 1s formed of a shape
memory material.

14. The wreteral stent of Claim 1 wherein said proxmmal section
comprises a planar spiral.

20 15 The ureteral stent of (laim 1 wherein said proximal section
comprises a plurality of coils.

i6. An anchor for a ureter stent having a proximal section and an
imtermediate section, the proximal section being configured for disposition within
the kidonev of a hiving being and including a tubular portion having at least one

25 aperture therein in conumunication with the interior of the kidney, the ntermediate
section being tubslar and configured for disposttion within the ureter of the living
being, the mtermediale section being in fhad communication with the proximal
section and terminating at an open end, said anchor being configured for disposition

within the bladder of the being to prevent retrograde migration of the stent and

(o8]
<

minimize mucosal contact, said anchor comprising;

a) armng formed of a shape memory material,
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b} a pluraliv of filaments, cach of said filaments being connected to the
intermediate section adjacent the open end and also being connected (o a
respective portion of said ring.

17. The anchor of Claim 16 wherein the open end of the tobular

L

termediate section includes a central longitudival axis and wherein said ring s
gencrally planar, with the plane thereof extending generally perpendicularly to the
central longttudinal axis of the tubular intermediate section.
18. An anchor for a ureter stent having a proximal section and an
mtermediate section, the proximal section bemg configured for disposiion within
16 the kidoev of a living being and including a tubular portion having at leasi one
aperture therein in commumnication with the interior of the kidnev, the intermediate
section being tubular and configured for disposttion within the ureter of the living
being, the intermediate section being m fluid communication with the proximal
section and terminating at an open cnd having a central longitudinal axis, said

5  anchor being configured for disposition within the bladder of the being to prevent
retrograde migration of the steni and to minimire mucosal contact, said anchor
comprising a ring or other shape formed of a shape memory material, said ring or
other shape being generally planar, with the plane thereof being generally parallel to
the central longitudinal axis of the intermediate section.

20 19 The anchor of Claim 18 wherein said ring is directly connected to the

open end of the intermediate section.

20 The anchor of Claim 18 wherem said ring 15 indirectly connected to

the open end of the intermediate section by plural {ilamenis.
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