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Description
Aim of the invention

[0001] The invention, as stated in the heading of this
descriptive document, is a new design for a self-retentive
ureteral catheter which does not cause vesicoureteral
reflux (anti-reflux).

[0002] Therefore, the purpose of this invention is a
prosthesis which goes inside the ureter. It has three main
features: Allowing the passive dilation of the upper ureter,
which is necessary for carrying out endourologic tech-
niques, and which in other circumstances serves as sup-
port for the ureter which has been operated on and re-
quires time (3-6 weeks) to heal internally. Lastly, it solves
cases of renal colic caused by kidney stone impaction.
This design is aimed at resolving these problems in a
single manoeuvre after freeing the prosthesis in the up-
per ureter. Thanks to its novel design and differences to
current catheters, it doesn’t have the same adverse ef-
fects as these devices usually have for patients who carry
them.

[0003] As a result, the invention described falls in the
category of implantable medical devices; specifically in-
ternal ureteral catheters.

Background to the invention or State of the tech-
nique

[0004] The first ureteral catheter was created near the
beginning of 1900 by Joaquin Albarran. In 1967, Zim-
skind was responsible for a significant step forward in
the research and development of ureteral catheters. In
his publication, the author describes the long-term use
of silicon ureteral catheters inserted by cystoscopy.
These catheters moved around easily because they were
not anchored at either end. To reduce the movement,
Gibbons designed a silicon catheter with several anchor-
ing points along its length. However, these anchoring
points significantly increased the outer diameter, were
difficult to insert, and reduced the range of urinary flow.
[0005] The next design was aimed at preventing an-
terograde or retrograde displacement by creating an an-
gle and forming a jay shape on both ends. In 1978, the
authors Finney and Hepperlan described the double jay
ureteral catheter. Later, to improve the double jay cath-
eter, Mardis developed the double pigtail catheter, which
had a lower tendency to move.

[0006] It is important to differentiate between ureteral
catheters and ureteral stents, though both devices can
be called stents. Ureteral catheters are usually plastic
prostheses which go from the renal pelvis to the bladder
(double jay or double pigtail catheters); whereas ureteral
stents are usually made of metal, similar to vascular
stents, and have the sole purpose of dilating a short sec-
tion of the ureter in the manner of a bypass.

[0007] By definition, a ureteral catheter is a device
made from synthetic polymer biomaterial designed to
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drain urine and remain between the renal pelvis and the
bladder. The urinary system is an unstable environment
chemically, with a supersaturation of mucous and crys-
talloid substances, which in the long term creates a sig-
nificant problem in relation to the biocompatibility and
biodurability of the catheter.

[0008] The ideal catheter should be designed to last,
chemically stable, made from a biocompatible polymer,
resistant to incrustation and infection, resist ureteral per-
istalsis, and move as little as possible. The catheter
should ideally be easy to insert and comfortable for the
patient, reacting minimally with the tissue. It should be
highly elastic and enable the increase of urine flow from
the moment it is inserted. In addition, it should be radio-
paque and easily removed by endoscope or alternatively
not require removal.

[0009] Anotherindispensable property of ureteral cath-
eters is biomechanical memory to return to the dimen-
sions it had before being physically distorted. This prop-
erty is needed so that the catheter can be inserted using
a guide, and then return to its jay shape configuration
after the guide is removed. This memory allows the cath-
eter to be retained without significant displacement. At
present, all authors say that the ideal ureteral catheter
does notexist, though there are a great variety of devices.
[0010] Double jay or pigtail catheters have become an
integral part of contemporary urologic practice. As is the
one protected by European Patent EP1685813. These
catheters prevent or alleviate ureteral obstructions due
to a wide range of intrinsic or extrinsic causes. These
include: ureteral lithiasis, ureteral stenosis, congenital
anomalies such as obstruction of the ureteropelvic junc-
tion, fibrosis or retroperitoneal tumours, neoplasms
which extrinsically affect the upper ureter, or iatrogenic
injuries. They are also widely used to provide urinary
drainage following surgery of the upper ureter, independ-
ently of the procedure, or after an endourologic (ureter-
oscopy, lithiasis, endopyelotomy, endoureterotomy, etc.)
or laparoscopic (pyeloplasty, ureteroneocystostomy,
etc.) procedure, or by conventional surgery, as well as
to dilate the upper ureter.

[0011] Payne and Ramsay observed that draining the
bladder with a ureteral catheter caused a significant in-
crease in intrarenal pressure, suggesting that vesi-
coureteral reflux contributes to increasing said pressure.
[0012] The ureter is then dilated after ureteral intuba-
tion. The ureteral catheter is used to therapeutically in-
crease the ureteral diameter to examine the lumen and
the passive exit of ureteral stones. This dilation can serve
as a protective mechanism to minimise intrapelvic pres-
sure resulting from the mechanical obstruction caused
by the catheter.

[0013] The ureter is dilated due to the presence of the
ureteral catheter because there is a reduction in peristal-
sis (physiological process consisting of radially symmet-
ric contractions and relaxations which push urine from
the ureterto the bladder), whichis aresult of the catheters
impeding the coaptation of ureter walls. Mosly found a
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reduction of peristalsis in 80% of patients with a ureteral
catheter. For this reason, the physiological flow of the
ureter with a ureteral catheter would probably drain as a
result of hydrostatic forces and gravity. Ureteral dilation
and ineffective peristalsis remain for three weeks after
the ureteral catheter is removed, meaning the ureter-
ovesical junction is also dilated and we will encounter
reflux during that time, prolonging the adverse effects of
current ureteral catheters after they are removed.
[0014] Therefore, another known adverse effect in the
ureter is vesicoureteral reflux. When a double jay ureteral
catheter is inserted, the anti-reflux valve of the ureter-
ovesical junction is interrupted and the ureteral meatus
is kept open by the catheter. This vesicoureteral reflux
onlyreaches the distal ureter, but during the physiological
emptying of the bladder, pressure increases and reflux
reaches the kidney. The reflux is produced in 80% of
patients with a double jay catheter during emptying, and
in 63% during vesical filling.

[0015] The range of adverse effects following ureteral
catheterisation depends on many factors. These include
the catheter material, the length of time it is in place, and
presence or lack of an infection. Experimental studies
show there is no reduction in renal filtration due to the
catheter in the short term, and that there is renal dilation,
inflammation changes, and vesicoureteral reflux, though
all of these changes are temporary and disappear a few
weeks after the ureteral catheter has been removed.
[0016] Therefore, it is proven that current commonly
used double jay or double pigtail catheters lead to an
increase in intrapelvic pressure, hydroureter, vesi-
coureteral reflux, and overall swelling of the ureteral wall
with histological changes in the urothelium. After 1-3
weeks of ureteral catheterisation, the vesical mucus
shows severe inflammation and ulceration with occasion-
al metaplasia.

[0017] These effects cause significant morbidity in car-
riers, including: lumbar pain, suprapubic pain, dysuria,
haematuria, microhaematuria, urinary infection, noctu-
ria, frequent urination, tenesmus, urgency, incontinence,
etc. The aetiology of this high percentage of morbidity
associated to double jay ureteral catheters is not well
known, but it has been shown that one of the determining
factors is the increase of pressure in the renal pelvis due
to vesicoureteral reflux caused by ureteral catheters, es-
pecially during vesical emptying. Another factor is irrita-
tion in the vesical trigone due to the intravesical section
of the ureteral catheter. These two factors may be suffi-
cient to explain the symptoms described above, given
that the pain is a result of increased pelvic pressure, and
the rest are symptoms associated to the irritation and
erosion which can be caused by the vesical end of the
ureteral catheters.

[0018] Therefore, the current conclusion is thatin spite
of new biomaterials, coatings, and designs which have
been tested up to now, the ideal ureteral catheter does
not yet exist, and we need to keep working to improve
the design of these devices in order to reduce the adverse
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effects suffered by patients.

[0019] There have been countless advances in ureter-
al catheterdesign, butdouble jay catheters have notbeen
displaced from the urologic repertoire. The following
types are currently used:

* Spiralstents: such as the one protected by the patent
with request number ES2075812, "Long lasting ure-
teral prosthesis". Their design is similar to metal ure-
teral stents but have a spiral shape and can be bio-
degradable. They are short tubular structures which
allow urine to only pass through them, and instead
of metal they are made from plastic polymers.
Unlike the design presented in this document, spiral
stents can only be used for extrinsic tumours and
retroperitoneal fibrosis, dilating only the short section
where they are placed. They don’t allow for ablative
treatment or post-surgery healing of the ureter.

e Tail stents: are designed to reduce vesical irritation.
They are double jay catheters made from one thicker
segment, and one narrower segment on the distal,
vesical end. This configuration, in theory, results in
alesser vesical injury, as observed in the description
of the American invention "Stent for implantation”
(US 2007/0276466).

e Dual-durometer catheters: they are made from dif-

ferent materials so that the catheter segment at the
bladder is softer and presumably cause less irritation
at this point. However, scientific publications say that
in the short term there is no difference compared to
classic ureteral catheters.
Both tail stents and dual-durometer catheters have,
due to their dual nature, with one end in the kidney
and the other in the bladder, the same effects as
double jay catheters. The design of the invention pro-
posed in this document does not have these effects
because it does not have the vesical end.

e Catheters with a modified distal end: this consists of
modifying the end of the catheter which is anchored
to the bladder with a loop made from a soft material
than causes less vesical irritation. This is the case
of the prosthesis described by the patent "Prosthesis
having a sleeve valve", number WO 2003/011179.
These devices, while they may cause less of an ero-
sive injury to the bladder, still cause irritation, and
they also cause vesicoureteral reflux. Both of these
factors are absent in the design presented in this
document.

e Anti-reflux double may catheters: these are de-
signed with a type of umbrella on the double jay vesi-
cal end so that at the time of emptying urine retro-
grade ureteral reflux becomes difficult. (WO
03/079930 A1; WO 03/053282 A1; WO 01 /91668
A1).
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[0020] Drugs have also been used to reduce the dis-
comfort and adverse effects of ureteral catheters (reduce
vesicoureteral reflux), with alpha-blockers the muscles
of the intramural part of the ureter, vesical trigone, and
prostate such as alfuzosin. However, in spite of improve-
ments, there is no reduction in the consumption of anal-
gesics. These catheters are steeped in these drugs,
which are released slowly to alleviate the adverse effects
resulting from the design of current ureteral catheters.
[0021] This approach can also be implemented in the
proposed design, as the only requirement is to coat he
device with the chosen drug. Both the design and the
material allow the device to be coated with drugs, and
the drugs to be released for as long as the catheter is in
the patient.

Explanation of the invention

[0022] The advantages of this catheter are described
in the related claims.

[0023] Inthe attached designed sheets there is a draw-
ing of the invention which is there to help understand the
design. The drawing is for example purposes only and
not an exhaustive description of the invention.

[0024] This new ureteral catheter is made up of 3 main
elements which make up a single indivisible element:
[0025] The first is a hollow tube for introducing and
fixing the device. It is radiopaque and jay shaped so it
can be easily detected. It is placed in the renal pelvis to
fix the catheter, making it self-retentive. This element has
biomechanical memory, which makes it easier to insert,
and once the insertion guide wire has been removed, it
returns to its native jay shape, stopping the catheter from
moving. At the same time, its hollow design allows the
catheter to be placed under endoscopic or fluoroscopic
control by inserting a guide wire along the same axis.
[0026] The second element of this catheter comprises
a series of intertwined threads which have a variable
length depending on the patient. This element does not
have an internal channel, and urinary drainage takes
place in a periprosthetic manner, around the catheter.
Thus, there is anincrease in the diameter of urinary evac-
uation in the vesical direction and the use of hollow tu-
bular designs, which increase the external diameter of
catheters and can be temporarily blocked by deposits of
salts and detritus in urine, is avoided. Furthermore, this
elementfulfils the supportive purpose in the ureteral heal-
ing process and it allows the passive dilation of the ure-
teral segment in where it is located.

[0027] The intertwined design of the threads, com-
bined with the absence of a metal centre in this segment,
increase the flexibility of the catheter, which is good for
the ureter.

[0028] The third element of the ureteral catheter com-
prises the continuation of the intertwined threads in the
second section. In this case, the design consists of sep-
arating the threads and forming a double ellipse on two
places which cross over at two points. This shape allows
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there not to be ureteral loops in the distal end of the cath-
eter, which could cause alterations in urinary drainage,
and it enables an increase in the urine’s speed in this
section.

[0029] The shape of the distal end follows a principle
of fluid dynamics; specifically the Venturi effect, which
says that if a fluid’s flow is constant but the cross-section
decreases, the velocity must increase through this sec-
tion to satisfy the continuity equation such that
Vy'Sx=V,S,. Thus, flow in motion along a ureter of diam-
eter Sy, assuming that the fluid is incompressible and
friction is negligible, will have a velocity v;. When the
conduct diameter changes to a variable S,, where S,>S,
at all times, velocity v, will be less than v,. Later, when
there is another change in the ureter to a constant diam-
eter S; where S;>S;>S,, then it will be true that
V3>V,o>Vyg.

[0030] Lastly, at the distal end of the catheter, the end
of the third element, a radiopaque metal mark is added
which allows us to see what point the prosthesis is reach-
ing using fluoroscopic means.

[0031] A unique feature of the design of this ureteral
catheter is that its positioning is exclusively intraurethral
and at no point goes beyond the ureterovesical junction;
thatis, this catheter does not have anintravesical section.
As such, the catheter does not cause vesicoureteral re-
flux and, since its distal end does not sit on the vesical
neck, it avoids all the complications associated to current
ureteral catheters (lumbar pain, suprapubic pain, dysu-
ria, haematuria, microhaematuria, urinary infection, uri-
nary incontinence, nocturia, frequent urination, tenes-
mus, urgency, incomplete vesical emptying, etc.).
[0032] Itisimportant to highlight that this ureteral cath-
eter design can be manufactured with non-resorbable
material and need to be extracted at a later date, but it
can also be made with biodegradable material ata urinary
level, meaning that after performing its function as a cath-
eter it would degrade in the ureter because of the urine,
without the need of a second intervention to extract it.
[0033] Given all of the above and in light of the analysis
of the current state of the technique, the advantages of
this invention are clear to see. Below we will list some of
the most important advantages. This list is not exhaus-
tive.

* The catheter can be manufactured to have different
lengths and with different materials according to the
physiology of the patient or to the characteristics of
the disease.

e It can be made from biodegradable materials which
will be reabsorbed by the organism after the fulfilling
the catheter function, meaning that a second inter-
vention to remove the device is not required.

e |ts distal end is not placed inside the bladder, so the
adverse effects of current catheters which lack this
feature are not present.
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e lIts central structure is highly elastic, which is good
for the ureter in which it is inserted.

e Itallows for increased urinary flow from the time that
it is inserted.

* ltisdesignedtoresistincrustation, infection, and ure-
teral peristalsis, minimising the risk of displacement.

e Its unique design allows urine to flow normally from
the kidney to the bladder, avoiding obstructions
which can arise in current catheters.

e ltis easy to manufacture.
Description of the drawings

[0034] To complete the description of the invention
which is the subject of this technical report, and better
explain its characteristics, a design sheet is attached with
different preferential ways of building the invention.
These designs are not an exhaustive list.

Figure 1 shows a top view of the ureteral catheter,
displaying the whole composition.

Figure 2 gives a detailed view of the distal end of the
catheter which will be inside the ureter (U). Here it
can be seen how the thread which makes up te cath-
eter structure ends in a double ellipse shape.

Figure 3 shows the insertion method of the catheter
through the ureter conduct, extending towards the
bladder (v) and the ureter (U) up to the renal pelvis
(R). Insertion is achieved with the help of a guide
wire.

Figure 4 gives a graphic representation of a neph-
roureteral unit and of the bladder (V), with the self-
retentive and anti-reflux ureteral catheter correctly
placed in the ureter. The near end adopts the char-
acteristic jay shape to remain fixed without the distal
end going beyond the ureter (U) mouth in the bladder
V).

Exposition of a preferential realisation of the inven-
tion

[0035] Based on the drawings which are attached to
this technical report, below is a description for the pref-
erential realisation of the invention by way of an example.
[0036] As can be seen in figure 1, the invention de-
scribed in this documentiis a ureteral catheter made from
three elements: the first, in the near end, is a hollow tube
(1) which allows the catheter to be inserted and implant-
ed; the second it the main body (2) of the catheter, made
from intertwined threads (4) whose continuation (3) in a
double ellipse configuration at the distal end of the device
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makes up the third element.

[0037] The materials that the invention can be made
from are varied. Depending on surgical requirements,
resorbable and biodegradable materials can be used, as
well as materials which do not have these characteristics
and would make the catheter last longer.

[0038] At the same time, the catheter’s design means
that it can be manufactured in different sizes and be
adapted to required dimensions, depending on the pa-
tient’s organic proportions.

[0039] The first element is a radiopaque, jay-shaped,
hollow tube (1) with biomechanical memory. lts hollow
design enables the catheter to be introduced through the
urethra to the renal pelvis (R) by endoscopic or fluoro-
scopic control by inserting a guide wire (6) along the same
axis, as shown in figure 3. At the same time its biome-
chanical memory causes the hollow tube (4) to recover
its jay shape after said guide wire (6) is released. The
tube then becomes fixed to the renal pelvis (R) in a stable
manner, as shown in figure 4.

[0040] The second element of the main body of the
catheter (2) is a group of variable length intertwined
threads (4). This design for the main body (1) does not
feature a metal centre, thus increasing its flexibility. Urine
is drained around the catheter.

[0041] Lastly, the third element is the continuation (3)
of the intertwined threads (4) of the main body (2) of the
invention. The threads separate to form a double ellipse
on two plains which cross at two points. One of them, at
the distal ends, includes a radiopaque metal mark (5)
which, together with the hollow tube (1), allows the place-
ment of the catheter inside the ureter (U) to be controlled
by fluoroscope.

[0042] The design of the continuation (3) of the inter-
twined thread (4) in a double ellipse shape is based on
a fluid dynamics principle called the Venturi principle,
which states that a flow moving at a constant rate through
a closed conduct, when passing through a smaller sec-
tion, will decrease its pressure after passing through that
area, and thusincrease its speed. This principle is applied
to the pass of urine around the catheter, allowing opti-
mum drainage at higher speed.

[0043] This continuation (3) on the distal end of the
catheter has been conceived and developed so that it
stays inside the ureter (U) and at no time reaches the
bladder (V).

[0044] The sizes and variations which may occurin the
development of the catheter do not affect the essence of
this invention, which is summarised in the following as-
sertions.

Claims

1. Self-retentive and anti-reflux catheter that exclusive-
ly comprises the parts described below. A jay shaped
hollow tube (1) with biomechanical memory on its
near end, which serves to insert and fix the device
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in the ureter; intertwined threads (4) in its main body
(2), which facilitate urine drainage, with the whole
catheter being shorter that the ureter (U); no intra-
vesical section, so that the distal end (3) remains
inside the ureter (U); characterised because said dis-
tal end (3) includes the end of the intertwined threads
(4) of the main body (2), which separate to form a
double ellipse which joins in two points, the farthest
of which contains a radiopaque metal marker (5).
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