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cludes: a conduit having an open distal end; a drainage tube positioned at

least partially within the conduit; and a bladder superior wall support.
The drainage tube includes one or more fluid ports or perforations for
permitting fluid flow into a drainage lumen defined by the drainage tube.
The bladder superior wall support includes a support cap and a plurality
of support members extending from a proximal surface of the support cap

through the open distal end of the conduit. The support cap is capable of
being moved between a retracted position and a deployed position. In the
deployed position, the distal end of the drainage tube is spaced apart from
the support cap, such that the support cap supports portions of the superi-
or wall of the bladder from occluding the one or more fluid ports or per-
forations of the drainage tube.
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CATHETER DEVICE AND METHOD FOR INDUCING NEGATIVE PRESSURE IX
A PATIENT’S BLADDER

0001

BACKGROUND

{8002] The present disclosure relates to devices and methods for treating impaired renal
function across a variety of disease states and, in particular, to devices and methods for
collection of urine and inducement of negative pressure in the bladder.

{8003] The renal or urinary system includes a pair of Xidneys, each kidney being connected
by a ureter o the bladder, and a vrethra for draining wrine produced by the kidneys from the
bladder. The kidneys perform several vital functions for the human body including, for
example, filtering the blood {o eliminate waste in the form of urine. The kidneys also regulate
electrolytes (e.g., sodium, potassiwen and calciumy) and metabolites, blood volume, blood
pressure, blood pH, fluid volume, production of red blood cells, and bone metabolism.
Adequate understanding of the anatomy and physiology of the kidneys is useful for
enderstanding the impact that altered hemodynamics other fluid overload conditions have on
their function.

[8084]  In normal anatomy, the two kidneys are located retroperitoneally in the abdominal
cuvity. The kidneys are bean-shaped encapsutated organs. Urine is formed by nephrons, the
functional unit of the kidoey, and then flows through a system of converging tubules called
collecting ducts. The collecting ducts join together to form minor calyces, then major calyces,
which ultimately join near the concave portion of the kidney (renal pelvis). A major tunction
of the renal pelvis is 1o direct urine flow to the ureter. Urine flows from the renal pelvis into

the ureter, a tube-like structure that carries the urine from the kidneys into the bladder. The
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outer layer of the kidney is called the cortex, and is a rigid fibrous encapsulation. The interior
of the kidney is catled the medulla. The medulla structures are arranged in pyramids.
{8805] TFach kidney is made up of approximately one million nephrons. Each nepbron
includes the glomeratus, Bowman’s capsule, and tubules. The tubules include the proximal
convoluted tubule, the loop of Henle, the distal convoluted tubule, and the collecting duct, The
nephrong contained in the coriex layer of the kidney are distinet from the anatomy of those
contained in the medulla, The principal difference is the length of the loop of Henle. Medullary
nephrons contain a longer loop of Henle, which, under normal circumstances, allows greater
regulation of water and sodium rcabsorption than in the cortex nephrons.
[8006] The glomerulus is the beginning of the nephron, and is responsible for the initial
filtration of blood. Afferent arterioles pass blood into the glomerular capillaries, where
hydrostatic pressure pushes water and solutes into Bowman’s capsule, Net filiration pressure
is expressed as the hydrostatic pressure 1o the afferent arteriole minus the hydrostatic pressure
in Bowman’s space minus the osmotic pressure in the efferent arteriole.

Net Filtration Pressure = Hydrostatic Pressure (Afferent

Arteriole} - Hydrostatic Pressure (Rowman’s Space) - Osmotic

Fressure (Ffferent Arteviols) {(Equation 1)
[8067] The magnitude of this net filtration pregsure defined by Equation 1 determines how
much ulira-filtrate is formed in Bowman’s space and delivered fo the tubules. The remaining
blood exits the glomerulus via the efferent arteriole. Normal glomerular filtration, or delivery
of ultra-filtrate into the tubules, is about 90 mi/min/1.73m?,
[8808] The glomerulus has a three-layer filtration structure, which includes the vascular
endothelium, a glomerular basement membrane, and podocytes, Normally, large proteins such
as albumin and red blood cells, are not filtered inlo Bowman's space. However, elevated
glomeralar pressures and mesangial expansion create surface area changes on the basement
membrane and larger fenestrations between the podocytes allowing larger proteins to pass into
Bowman’s space.
[8089] Ultra-filtrate collected in Bowman’s space is delivered first to the proximal
convoluted tubule. Re-absorption aad secretion of waier and solutes in the tubules is performed
by a mix of active transport channels and passive pressure gradients. 'The proximal convoluied
tubules normally reabsorb a majority of the sodium chloride and water, and nearly all glucose
and amino acids that were filtered by the glomeralus, The loop of Henle has two components

that are designed o concentrate wasies in the urine. The descending limb is highly water
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permeable and reabsorbs most of the remaining water., The ascending limb reabsorbs 25% of
the remaining sodium chloride, creating a concentrated uring, for example, in terms of urea and
creatinine.  The distal convaluted tubule normally reabsorbs a small proportion of sodium
chioride, and the osmotic gradient creates conditions for the waler to follow,

{0610] Under normal conditions, there is a net filtration of approximately 14 minilz, The
impact of venous congestion can be a significant decrease in net filtration, down o
approximately 4 mimdly. See Jessup M., The cardiorenal syndrome: Do we need a change of
sirategy or a change of iaciics?, JACC 53(7):597-600, 2009 (hereinafter “Jessup”). The
second filtration stage occurs at the proximal tubules. Most of the secretion and absorption
from urine occurs In tubules in the medullary nephrons. Active transport of sadium from the
tubule into the interstitial space initiates this process. However, the hydrostatic forces
dominate the net exchange of solutes and water. Under normal circumstances, it is believed
that 75% of the sodium s reabsorbed back into lymphatic or venous circulation. However,
because the kidney is encapsulated, it is sensitive to changes in hydrostatic pressures from both
venous and lymphatic congestion. During venous congestion the retention of sodium and water
can exceed 85%, further perpetuating the renal congestion. See Verbrugge et al,, The kidney
i congestive heart failure: dre natriuvesis, sodium, and diruetues really the good, the bad and

the ugly? European Journal of Heart Faifure 2014:16,133-42 (hereinafter “Verbrugpe”),

[8011]  Venouscongestion can lead to a prerenal form of acute kidney injury (AKI). Prerenal
AKI is due to a loss of perfusion (or loss of blood flow) through the kidney, Many clinicians
focus on the lack of tlow into the kidney due to shock, However, there is also evidence that a
lack of blood flow out of the organ due fo venous congestion can be a clinically important
sustaining injury. See Danwnan K, Mmporiance of venous congestion for worsening renal
funciion in advanced decompensated heart failure, JACC 17:.589-96, 2009 (hereinaler
“Damman”),

[6012] Prerenal AKI occurs across a wide variety of diagnoses requiring critical care
admissions. The most prominent admissions are for sepsis and Acute Decompensated Heart
Failure (ADHF). Additional admissions include cardiovascular surgery, general surgery,
cirrhosis, trauma, burns, and pancreaiitis. While there is wide clinical variability in the
presentation of these disease states, 2 common denominator is an elevated central venous
pressure. In the case of ADDHE, the clevated central venous pressure caused by heart failure
leads to pulmonary edema, and, subsequently, dyspnea in tumn precipitating the admission. In

the case of sepsis, the elevated central venous pressure is largely a result of aggressive fluid
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resuscitation. Whether the primary insult was low perfusion due to hypovolemia or sodiwm
and fluid retention, the sustaining tnjury is the venous congestion resulting in inadequaie
perfusion.

18013] Hypertension is another widely recognized state that creates perturbations within the
active and passive transport systems of the kidney(s). Hypertension directly impacts afferent
arteriole pressure and results in a proportional increase in net filiration pressure within the
glomerulus. The increased filtration fraction also elevates the peritubular capillary pressure,
which stimulates sodium and water re-absosption. See Verbrugge.

[6014]  Because the kidney is an encapsulated organ, it is sensitive to pressure changes in the
meduilary pyramids. The elevated renal venous pressure creates congestion that leads to a rise
in the interstitial pressures. The elevated interstitial pressures exert forces upon both the
glomerulus and tubules. See Verburgge. In the glomerulus, the elevated interstitial pressures
directly oppose filration.  The increased pressures increase the interstiial fluid, thereby
increasing the hydrostatic pressures in the interstitial fluid and peritubulur capiflaries in the
medalla of the kidney. In both instances, hypoxia can ensue lzading to cellular injury and
further loss of perfuston. The net result is a frther exacerbation of the sodium and water re-
abgorplion creating a negative feedback. See Verbrugge, 133-42. Tluid overload, particularly
in the abdominal cavity is associated with many diseases and conditions, including elevated
intra-abdominal pressure, abdomioal compartment syndrome, and acute renal failure. Fluid
overload can be addressed through renal replacement therapy, See Peters, C.D., Short and
Long-Term Effecis of the dAngiotensin IT Receptor Blocker Irbesartanon Tatradialyic Central
Henmodynamics: A Randomized Double-Blind Placebo-Controlled One-Year Intervention Trial
{the SAFIR Study), PLoS ONE (2015} 10(6): 0126882, doi:10,1371/journal.pone.0126882
(hereinafter “Peters™). However, such a clinical strategy provides no improvement in renal

function for patienis with the cardiorenal syndrome. See Bart B, Ultrgfiltrativa in

{hereinafter “Bat™).
[60158]  In view of such problematic effects of fluid retention, devices and methods for
improving removal of urine from the urinary tract and, specifically for increasing quantity and

quality of urine output from the kidneys, are needed.

A
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SUMMARY
18016] The present disclosure improves upon previous systems by providing a specialized
(non-Foley) catheter for deployment within the bladder. The catheter of the present disclosure
comprises an indwelling portion to be positioned within the bladder having restraints or anchors
for passive fixation with superior and/or inferior portions of the bladder wall. A proximal
restraint or anchor, within the bladder, can be designed to seal the urethra from air and Nuid
leaks. A distal anchor within the bladder can be designed to restrain the saperior bladder wall
as it collapses, allowing obstruction free delivery of negative pressure, collection of the vrine
produced, and avoidance of inucosat trauma. Further, a urine collection system comprising the
catheter inclades sensing devices for menttoring urine flow and for using urine flow and
conduoctivily assessment to guide the negative pressure deliverad by the system to optimize
sodium and water excretion.
[6817]  Non-limiting sxamples, aspects, or embodiments of the prescot mvention will now
be deseribed in the following nubered clauses:
[0018] Clause 1: A wrine collection catheter configured to be deployed in a patient’s bladder,
the catheter comprising: a conduit comprising a proximal end and an open distal end; 2 drainage
fube positioned at least partially within the conduit, the drainage tube comprising a proximal
end, a distal end, and onie or more fluid ports or perforations for permitting fhuid flow imto a
drainage lumen defined by the drainage tube; and a bladder superior wall support comprising
2 support cap and a plurality of support mersbers extending from a proximal surface of the
support cap through the open distal end of the conduit, and being capable of being moved
between a retracted position and a deployed position, wherein, in the deployed position, the
distal end of the drainage tube is spaced apart from the support cap, such that the support cap
supports portions of the superior wall of the bladder from occluding the one or more fluid ports
or perforations of the drainage tube.
[8019] Clause 2: The catheter of clauge 1, wherein the support cap is configured to inhibit
the superior bladder wall from occluding the one or more ports or perforations upon delivery
of negative pressure to the bladder and/or kidneys through the drainage tube.
j6028] Clause 3. The catheter of clause | or clause 2, wherein the support cap is configured
to inhibit the superior bladder wall from contacting ureteral orifices of the bladder upon

delivery of negative pressure to the bladder andfor kidneys through the drainage lamen,
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16021] Clause 4: The catheter of any of clauses 1 to 3, wherein the support members
comprise flexible tines, and wherein the support cap comprises a flexible cover mounted 1o and
supported by the plurality of tines.

[66822] Clause 5. The catheter of clause 4, wherein the flexible tines comprise a shape-
memory alloy configured to move to the deployed posifion at a temperature above ainbient
room temperature.

[8023] Clause 6: The vatheter of clause 5, wherein {he flexible cover is formed from a
material that does not appreciably abrade, irritate, or damage a mucosal lining of the bladder
walls or of a urethra when positioned adjacent to the mucesal lining of the hladder walls or the
urethra.

[8024] Clause 7: The catheter of any of clauses 1 to 6, wherein the bladder superior wall
support is configured to maintain its form when in contact with the superior wall of the bladder.
[8628] Clause 8: The catheter of any of clanges 1 to 3, wherein the support cap coraprises
an iuflatable balloon.

[8026] Clause 9: The catheter of clause 8, further comprising an inflation lumen at least
partially disposed within the conduit and configured to conduct a fhaid or gas into an interior
of the balloon for inflation of the balloon,

[8027] Clause 10: A urine coflection catheter configured to be deployed in a patient’s
bladder, the catheter comprising: at least one tubular body comprising a proximal end, a distal
end, a sidewall extending therebetween, and one or more fluid ports or perforations for
permitting fluid flow into a drainage lumen defined by the fubular body; and a bladder superior
wall support comprising a suppost cap connected to and extending radially from a portion of
the distal end of the at least one tubular body, the support cap comprising a curved distal
surface, the support cap being capable of being moved between a retracted position and a
deployed position 1o support a superior wall of the bladder thereby inhibiting the superior
bladder wall from occluding the one or more fluid ports or perforations.

[8828] Clause 11: The catheter of clause 10, wherein the bladder superior wall support is
configured to inhibit the superior bladder wall from occluding the one or more ports or
perforations upon delivery of negative pressure to the bladder and/or kidneys through the
drainage lumen,

[6029] Clause 12: The catheter of clause 10, wherein the bladder superior wall support s
configured (o inhibit the superior bladder wall from contacting ureteral orifices of the bladder

upon delivery of negative pressure to the bladder and/or kidneys through the drainage lumen.
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{8030] Clause 13 The catheter of any of clauses 10 10 13, wherein the bladder superior wall
support comprises a plurality of support members extending radially from the tubular body,
and wherein the support cap comprises a flexible cover mounted to and supported by (he
phurality of support members.

{8031} Clause 14: The catheter of clause 13, wherein the support members comprise flexible
tines formed from a shape-memory alloy, the flexible tnes being configured to extend to the
deployed position at @ terperature above umbient room temperature.

{6032] Clause 135: The catheter of clause 13 or clause 14, wherein the flexible cover is
formed from a material {hat does not appreciably abrade, irritate, or damage a mucosal lining
of the bladder walls or of a urethra when positioned adjacent to the mucosal lining of the
bladder walls or the urethra, .

[8033] Clause 16: The catheter of any of clauses 10 to 5, wherein the bladder superior wall
support comprises an inflatable balloon.

[8034] Clause 17: The catheter of clause 16, farther comprising an inflation lumen
configured to conduct & fuid or gas into an interior of the balloon for inflation of the balloon.
[80358] Clause 18: The catheter of clause 16 or clause 17, wherein the inflatable balloon
comprises a bulbous portion and a plurality of Jobes extending proximally therefrom, and
wherein the one or more ports or perforations are positioned between adjacent lobes.

[8836] Clause 19: The catheter of any of clauses 10 to 18, further comprising a filter
positioned over the one or more ports or perforations.

[4837] Clausc 20: The catheter of any of clauses 10 to 19, further comprising an absorbent
sponge positionad over the one or more ports or perforations.

16038] Clause 21: The catheter of any of clauses 10 to 20, further comprising a bladder
inferior wall support configured to contact an inferior wall of the bladder.

{8635] Clause 22: The eatheter of clause 21, wherein the bladder inferior wall support
comprises one ot more support membess extending radially from the tubular body and a caver
o the onc or more support members,

{00481  Clause 23; The catheter of clause 22, wherein the cover of the bladder inferior wall
support comprises a material that does not appreciably abrade, irritate, or damage a mucosal
lining of the bladder walls or of a urethra when positioned adjacent to the mucasal lining of the
bladder walls or the urethra.

{6041] Clause 24: A system for drawing urine from the bladder of a patient, the system

comprising: a urine collection catheter comprising: at least one tubular body comprising a
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proximal end, a distal end, a sidewall extending therebetween, and one or more fluid ports or
perforations for permitting fluid flow into a drainage lnmen defined by the wbular body; and a
bladder superior wall support comprising 4 support cap defining a curved distal surface
connected to and extending radially from 4 portion of the distal end of the at least one tubelar
body, the support cap being capable of being moved between a retracted position and a
deployed position to support a superior wall of the bladder to inhibit portions of the superior
wall of the bladder from occluding the one or more fluid ports or perforations; and 2 puoip in
fluid connection with the drainage Jumen of the tubular body, wherein the pump is configured
to introduce negative pressure through the twbular body to the bladder to draw urine from the
bladder.

[8042] Clause 25: The system of clause 24, further comprising one or more sensors in fhud
communication with the drainage lumen of the tubular body for measuring information
representative of a physiological condition of the patient,

[8843] Clause 26: The system of clause 25, wherein the one or more sensors are configured
{0 measure one or more of capacitance, analyte concentration, and temperature of urine within
the tubular body.

[8044] Clause 27: The system of clause 25 or clause 26, wherein the pump comprises: a
processor comprising computer readable memory including programming instructions that,
when executed, cause the processor to; receive the information from the one or more sensors,
and adjust an operating parameter of the pump based, at least in part, on the information
received from the one or more sensors (o increase or decrease the negative pressure in the
tubular body to adjust flow of urine therethrough.

[6645) Clause 28: The system of clause 27, wherein the pump further comprises a dala
transrmiter in conununication with the processor, the dats transmitter being configured to
provide the information from the one or more sensors to an external source,

[0046] Clause 29: The system of any of clauses 24 o 28, wherein the pump is capable of
cantinuons operation for between § and 24 hours.

[6047] Clause 30: The system of any of clauses 24 to 29, wherein the pump provides a
sensitivity of 10 mmHg or less.

10048] Clause 31: The system of any of clauses 24 to 30, wherein the purap s configured
to provide intermittent negative pressure.

[6048] Clanse 32! The system of any of clauses 24 to 31, wherein the pumnp is configured

to alternate between providing negative pressure and providing positive pressure,
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{8850] Clause 33: The system of any of clauses 24 to 31, wherein the pump is configured
to alternate between providing negative pressure and equalizing pressure to atmosphere,
{80511  Clause 34: A unne collection catheter configured to be deployed within a patient’s
bladder, the catheter comprising: a tubular body comprising a proximal portion configured to
be positioned in at least a portion of a patient’s urethra and a distal portion configured to be
positioned in a patient’s bladder, the distal portion comprising 2 coiled retention portion,
wherein the retention portion comprises at least a first coil having a first diameter, a second
coil having a second diameter, the first diameter being less than the second diameter, and a
plurality of perforations disposed on a radially inwardly facing side of g sidewall of the
retention portion,

[6052] Clause 35: The catheter of clause 34, wherein the first coil is proximal to the second
coil.

[8053]  Clause 36: The catheter of clause 34 or clause 35, wherein, prior to insertion into a
patient’s arinary ract, a portion of the tubular body that is proximal to the retention portion
defines a straight or curvilinear central axis, and wherein {he first coil and the secoad coil of
the retention portion extend about an axis that is at least partially coextensive with the straight
or curvilinear central axis of the portion of the drainage lumen,

(8054} Clause 37: The catheter of clause 36, wherein, in the retention portion, a total surface
area for the perforations on the radially inwardly facing side of the sidewall of the tubular body
is greater than a total surface area of perforations on the radially owtwardly facing side of the
sidewall of the tubular body.

[6055]  Clause 38. The cathater of any of clauses 34 10 38, whevein, in the refention portion,
a radially outwardly facing side of the sidewall of the tubular bady is free from perforations.
[88386] Clause 391 A urine catheter comprising: a tubular body comprising a proximal end,
a distal end, and a sidewall extending therebetween; and an indwelling portion adjacent to the
distal end of the tubular body, the indwelling portion camprising a first surface configured to
support a superior wall of a bladder, a second surface configured to contact an inferior wall of
the bladder, and a linear portion of the sidewal] extending between the first surface and the
second surface, wherein the first surface and the second surface each comprise a flexible
material, and wherein the first surface and the second surface are supported by a plurality of

support members,

9
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{8057] Clause 40: The catheter of clause 39, wherein the flexible material does not
appreciably abrade, irritate, or damage a mwucosal lining of the bladder walls or of a urethra
when positioned adjacent to the mucosal Haing of the bladder walls or the arcthra,

{0088] Clause 41: The catheter of clause 39 or clause 40, wherein the indwelling portion
insulates the superior wall of the bladder from a trigone region of the bladder.

[8059] Clause 42: The catheter of any of clauses 39 to 41, wherein the first sarface and the
second surface of the indwelling portion are transitionable between 2 contracted position and a
deployed position.

[8068] Clause 43: The catheter of clause 42, wherein, in the deployed position, the first
surface and the second surface maintain their form when in contact with the respective superior
and inferior walls of the bladder.

[8061]  Clause 44: The catheter of clause 42 or clause 43, wherein the tlexible material
contracts when the first surface and the second surface are in the contracted position and
expands when the first surface and the second surface are in the deplayed position.

[0062] Clause 45; The catheter of any of clauses 42 to 44, wherein the second surface of the
indwelling portion provides a seal for an opening of a urethra of the bladder when in the
deployed position,

[0063] Clause 46: The catheter of any of clauses 42 to 45, wherein the first surface of the
indwelling portion contacts the superior wall of the bladder when i the deployed position so
as to avoid obstraction of one or more ureter openings of the bladder,

[8664] Clause 47; The catheter of any of clauses 42 (o 46, wherein a section of the
indwelling portion between the first surface and the second surface is not covered with the
flexible material at least when the first surface and the second sucface are in the deploved
position.

[8065] Clause 48 The catheter of any of clauses 42 o 47, further comprising a release
mechanism configured to activate the first swrface and the second surface from the contracted
pasition to the deployed position.

[8066] Clause 49: The catheter of any of clauses 39 to 48, wherein the flexible material
covers al least a portion of the plurality of support members.

{60671 Clause 50: The catheter of any of clauses 39 (o 49, whercin the plurality of support
members is drawn against the tube in the contracted position, and the plurality of support

members extends outward from the tube in the deployead position.
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16668] Clause 51: The catheter of any of clauses 39 to 50, wherein the plurality of support
members are formed of a shape-remary alloy.

{8069] Clause 52: The catheter of any of clauses 39 to 51, wherein the linear portion of the
sidewall extending beiween the first surface and the second surface comprises one or more
perforations extending through the sidewall to permit fluid flow therethrough into a fluid
receiving portion of the tube.

[8076] Clause 53: A method of inducing a negative pressure w a bladder of a patient for
enhancing urine excretion therefrom, the method comprising: inserting a distal portion of a
tubular body of a urine collection catheter into the patient’s bladder; deploying a support cap
connected 1o and extending radially from a portion of the distal end of the tubular body, such
that the support cap is in contact with the bladder superior wall; and inducing a negative
pressure through a drainage lumen of the tubular body to draw vrine from the bladder into the
drainage lamen.

[8071] Clause 54; The method of clause 53, further comprising positioning a bladder
inferior wall support in contact with an inferior wall of the patient’s bladder,

18072] Clause 55: The method of clause 54, wherein positioning the bladder inforior wall
support comprises positioning the support over an opening of a urcthra to seal the bladder.
{80731 Clause 56: The method of clavse 54 or clause 55, wherein the bladder inferior wall
support is separate from the support cap and is supported by a plurality of support members
extending radially from the tubular body.

[8074] Clause 57: The method of any of clauses 53 to 56, wherein deploying the support
cap comprises preventing the distal surface structure from oecluding weteral openings of the
bladder.

168751  Clause 58 The method of any of clauses 33 to 57, wherein inducing the negative
pressure in the tubular body comprises coupling a mechanical pump in fluid communication

with a proximal end of the tubular body to deaw urine from the bladder into the tubular body.

BRIEF DESCRIPTION OF THE DRAWINGS

[6076]  These and other features and characteristics of the present disclosure, as well as the

methods of operation and functions of the related elements of structures aud the combination
of parts and economies of manufacture, will becorne more apparent upon consideration of the
following description and the appeuded ciaims with reference to the accompanying drawings,
all of which form a part of this specification, wherein like reference numerals designate

corresponding parts in the various figures. [t is to be expressly understood, however, that the
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drawings are for the purpose of illustration and description only and are not intended as a
definition of the limit of the invention.

{8077} TFurther (eatures and other examples and advantages will become apparent from the
following detailed description made with reference (o the drawings in which:

{8878] FIG. | is a schematic drawing of a urine collection catheter device deployed within
the bladder of a male patient according (o an example of the disclosure;

00781 FIG. 2 is a schematic drawing of another exemplary urine collection catheter device
deploved within a patient’s bladder according to an example of the disclosure;

[6088] FIG. 3A is a perspective view of an indwelling retention portion the urine collection
catheter device of FIG, 1;

[6081] TFIG. 3B is a cross-sectional view laken along line B-B of the indwelling retention
portion of the urine collection catheter device of FIG, JA;

[8082] TFIG. 3C is a cross-gectional view taken along line C-C of the indwelling retention
portion of FIG. 3A;

{0083] FIG. 4 is a perspective view of an indwelling retention portion of a urine collection
catheter according to another example of the disclosure;

[6984] TIG. S is a perspective view of an indwelling retention portion of a urine collection
catheter according to another example of the disclosure;

[8085] FIG. 6 is a perspective view of an indwelling retention portion of a urine collection
catheter according to another example of the disclosure;

[6#086] TIG. 7A is a schemalic drawing of an indwelling refention portion of the catheter
device of FIG. 2 it a contracted state;

{06871  FIG. 7B is a schematic drawing of the indwelling portion of the catheter device of
FIG. 2 in a deployed state;

[9088] FIG. 8A is a schematic drawing of an indwelling retention portion of another
exemplary urine collection catheter device in a contracied state, according o an embodiment
of the disclosure;

[8089] FIG. 8B is a schematic drawing of the indwelling retention portion of the catheter
device of FIG. 8A in a deploved state;

[8098]  FI(G. 9A is a perspective view of an indwelling retention portion of another exemplary
urine collection catheier device according te an example of the disclosure;

[6091] FIG. 9B is a partial cross-sectional view of a portion of the indwelling retention

portion of the catheter device of FIG. 9A;
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16092] FIG. 10A is a perspective view of an indwelling retention portion of anocther
exemplary urine collection catheter device according to an example of the disclosure;

{8093] FIG. 10B is a partial cross-sectional view of 4 portion of the urine collection catheter
of FIG. 10A;

{8094] FIG. 11A is a perspective view of an indwelling portion of another exemplary urine
collection catheter according to an exumple of the disclosure;

j8098]  FIG. 118 is a cross-sectional view of the urine collection catheter of FIG. 11A;
10096]  FIG. 12 is a front view of an indwelling refention portion of another exemplary urine
collection device accarding to an example of the disclosure;

[8697] FIG. 13 is a schematic drawing of a urine collection device including both an
indwelling portion and an external portion according to an example of the disclosure;

[8098] FIG. 14 is a system for inducing a negative pressure in the bladder of a patient
including a urine collection catheter device configured to be deployed in a patient’s bladder
according to an example of (he disclosure;

[8099]  FIGS. 15A and 158 are schematic drawings of a pump for use with the system of
FIG. 14; and

801007 TIG. 16 is 2 flow chart of a process for inducing a negative pressure in a patient’s

bladder according to an example of the disclosure.

DETAILED DESCRIPTION OF THE INVENTION

{B0101]  As used herein, the singular form of “a”, “an”, and “the” include plural referents

undess the context clearly dictates otherwise.

{0102]  As used heretn, the terms “right”, “left”, “top”, and derivatives thereof shall refate
to the invention as it is oriented i the drawing figures. The term “proximal” refers to the
portion of the catheter device that is manipulated or contacted by a user. The term “distal”
refers to the opposite end of the catheter device that is configured to be inseried into a patient.
However, it is to be understood that the invention can assume various altcmative orientations
amd, accordingly, such terrus are not 1o be considered as limiting, Also, it is to be understood
that the invention can sssumme various alternative variations and stage sequences, except where
expressly specified to the contrary. 1t is also to be understood that the specific devices and
processes illustrated in the attached drawings, and described in te following specification, are
examples, Hence, specific dimensions and other physical characteristics related (o the

embodiments disclosed herein are not to be considered as limiting.
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160183} Unless indicated to the contrary, the numerical parameters set forth in the following
specification and aitached claiins are approximations that can vary dependiog upon the desired
properties sought to be obtained by the present disclosure,

{80104} Notwithstanding that the numerical ranges and parameters setting forth the broad
scope of the invention are approximations, the numerical values set forth in the specific
examples are reported as precisely as possible. Any numerical value, however, inherently
contain certain errors necessarily resulting from the standard deviation found in their respective
testing measurements,

|68185]  Also, it should be understood that any numerical range recited herein is intended to
mclude all sub-ranges subsumed therein, For example, a range of “1 to 10” i3 intended to
include any and all sub-ranges between and including the recited minirum value of 1 and the
recited maximum value of 10, that is, all sub-ranges beginning with a minimum value equal to
or greater thun 1 and ending with & maxiowm value equal to or Tess than 10, and all sub-ranges
in-between, e, 1 0 6.3, 0r 5.510 10, 0r 27 0 6.1

[80186]  As used hergin, the terms “communication” and “communicate” refer to the receipt
or transter of one or more signals, messages, conunands, or other fype of data, For one unit or
component to be in communication with another unit or component means that the one unit or
component is able to directly or indirectly receive data from and/or transmit data to the other
unit or component. This can refer to a direct or indirect connestion that can be wired and/or
wireless in nature. Additionally, two units or components ¢an be in communication with each
other even though the data transmitted can be modified, processed, routed, and the like,
between the fust and second unit or component, For example, a first unit can be in
communication with a second unit even though the firat unit passively receives data and does
not actively {ransmit data to the second unit, As another example, a first anit can be in
communication with a second unit if an infermediary unit processes data from one unit and
trabsmits processed data to the second unit. It will be appreciated that numercus other
arrangements are possible,

[00187] Tluid retention and venous congestion are central problems in the progression to
advanced renal disease. Excess sodivm ingestion coupled with relative decreases in excretion
feads to isotonic volume expansion and secondary compartment involvement, In some
examples, the present invention is generaily dirocted to devices and methods for facilitating
drainage of uring or waste from {he bladder, ureter, and/or kidney(s) of a patient. In some

examples, the pregent invention is geverally directed to devices and methods for inducing a

14



CA 02992546 2018-01-12

negative pressure in the bladder of a patient, While not intending to be bound by any theory,
it is believed that applying a negative pressure to the bladder can offset the medullary nephron
tubule re-abrorption of sodium and water in some sitations.  Offsetting re-absorption of
sodium and waler can increase uring production, decrease total body sodiumn, and improve
erythroeyte production.  Since the intra-medullary pressures are driven by sodium aad,
therefore, volume overload, the targeted removal of excess sodivm enables maintenance of
volume loss. Removal of volume restores medullary hemostasis. Normal urine production is
1.48-1.96 L/day {or 1-1.4 ml/min),

[60198] Fluid retention and venous congestion are also central problems in the progression
of prerenat AKI, Specifically, AKI can be related to Joss of perfusion or blood flow through
the kidney(s). Accordingly, in some examples, the present invention facilitates improved renal
hemodynamics and increases urine output for the purpose of relieving or reducing venous
congesiion, Further, it is anticipated that treatment and/or inhabition of AKT positively impacts
and/or reduces the ovcurrence of other conditions, for example, reduction or inhibition of
worscning renal function in patients with NYHA Class 1 and/or Class IV heart failure.
Classification of different levels of heart failure are deseribed in The Criteria Commitice of the

New York Heart Association, (1994), Nomenclature and Criteria for Diagnosis of Diseases of

the Heartand Great Vessels, (9th ed.}, Boston: Liitle, Brown & Co. pp. 253256, the disclosure
of which may be referred to. Reduction or inhibition of episodes
of AKT and/or chromcally decreased perfusion may also be a treatment for Stage 4 or Stage 5
chronic Iiduey disease. Chronic kidney disease progression is described in National Kidney
Foundation, K/OQT Clinical Praciice Guidelines for Chronie Kidney Disease: Evaluation,
Classification and Stratification. Am. J. Kidoey Dis. 39:51-8266, 2002 (Suppl. 1), the
disclosure which may be referred to.

[80169] With reference to FIGS. 1 and 2, a vrinary tract or urinary sysiemn 110 compriges 2
patient’s right and left kidneys 112 (shown in FIG. 2). The kidneys 112 are responsible for
blood filtration and clearance of waste compounds from the body through urine,  Utrine
produced by the kidneys 112 is drained into a patient’s bladder 100 through tubules referred to
as ureters |14, For example, urine may be conducted through the ureters 114 by peristalsis of
the ureter walls as well as by gravity. The ureters 114 enter the bladder 100 through a urcier
orifice or opening 113, The bladder 100 is a flexible and substantially hollow structure adapted
to colleet urine until the urine is excreted {rom the body. The bladder 100 is transitionable

from an empty position (shown in FIG. 2) to a full position (signified by reference line F in
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FIG. 2). Normally, when the bladder 100 reaches a substantially full state, urine is permitted
to drain from the bladder 100 to a urethra 116 theough a wrethral sphincter or opening 117
located at a lower portion of the bladder 100. Contraction of the bladder 100 can be responsive
to stresses and pressure excrted on the trigone region 113 of the bladder 100, which is the
triangular region extending between the urcteral openings 115 and the urethral opening 117.
The trigone region 113 is sensitive o stress and pressure, such that as the bladder 100 begins
to fill, pressure on the trigone region 113 increases, When a threshold pressure on the trigone
region is exceeded, sphincter or opening 117 relaxes and allows the bladder 100 to conteact to
cxpel collected urine through the urethra 116. The ureter orifice or openings 115 are covered
by soft tissuc which cssentially forms a one-way flap valve. When the bladder 100 is collecting
urine, the soft tissue is able to accommodate pressure from the peristalsis so that urine can pass
from the ureters 114 into the bladder 160. When the bladder 100 contracts to expel urine
therelrom, the soft tissue is restrained against the ureler openings 115 to prevent backflow of
urine from the bladder 160 back inlo the ureters 114, The restraints are positioped to allow the
ureter openings 115 to remain apen during therapy so that negative pressure can draw uring
into the bladder 100 and inte catheter devices positioned in the bladder.

Exambnle cathetor deviges:

{08116] With continued reference to FIGS. 1 and 2, exemplary disposable catheter devices
10 for inducing negative pressure in the bladder 100 of a patient are illustrated. As described
herein, the bladder 100 is capable of contracting between the full position, denoted by dashed
line F in FIG. 2, and the empty position. Desirably, the bladder 100 is prevented from
collapsing completely by the catheter device 10. The exemplary catheter devices 10 can be a
urine catheter (non-Foley) that can seal the bladder 100 and upper urinary sysiem 1 10 under a
guided negative pressure. The devices 10 generally comprise an elongated conduit or tubular
body, referred to herein as a tube 12, having an external diamcter or circumference which is
generally within a range of about 8 to 16 Fr, the interior of which defines one or more drainage
channel(s) or lymen{s) 14 or multiple tumeos. The tbe 12 can be formed from any suitable
flexible material ncluding, for example, biocompatible polynmiers, polyvinyl chioride,
polytetrafluoroethylene {(PTFE) such as Teflon®, silicon coated laiex, or silicon. At least o
portion or all of the vatheter device 10, particularly the tube 12, can be coated with a hydrophilic
coating to facilitate insertion and/or removal and/or to enhance comfort, In some examples,
the coating is a hydrophobic and/or Tabricions coating, For example, suitable coatings can

comprise ComfortCoat® hydrophilic coating which is available from Koninklijke DSM N.V.
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or hydrophilic coatings comprising polyelectrolyte(s) such as are disclosed in United States
Patent No. 8,512,795, which may be referred to. .

{60111}  In some examples, the tube 12 comprises an indwelling portion & configured to bo
positioned in the bladder 100 and a second or middle indwelling portion 7 configured to extend
through the urethra 116, Generally, the second portion 7 of the tube 12 is the same diameter
as the indwelling portion 6 of the tube 12 described above, although the diameter may incresse
to facititate flow. Aliernatively, all or part of the second portion 7 of the tube 12 can be a
separate tubing that is connected to the retention or indwelling portion 6 of the tube 12. The
second portion 7 of the tube 12 does not include perforations, such as are describad in the
indwelling portion 6 of the tube 12, so as © prevent leakage from the side of the tube 12, The
tube 12 further comprises an external portion § {shown in FIG, 1) which extends from the
indwelling portions 6, 7 to an external fluid collection container or device, such as a pump 410
(shown in FIG. 14).

{808112]  The catheter device 10 and, in particular, the tube 12, can be available in different
lengths to accommodate anatomical differences for gender and/or patient size. For exaniple,
the average female urethra length is only a few inches, so the length of the tube 12 can be rather
short. The average urethra length for males is longer due to the penis and can be variable, Tt
is possible that woman can use catheter devices 10 with longer length tubes 12 provided that
the excess tubing does not increase difficulty in manipulating or positioning the device 10, In
some examples, the sterile portion of the catheter 10 can range from about ¥ in to 3 inches, for
wornen, o about 20 inches, for men. The total length of the tube 12 including sterile and non-
sterile portions is about several feet,

166113]  In some examples, tha extemnal portion & of the tube 12 comprises a deployment
mechanism 44 and port 54 {shown in FIG. 13} for connection to the pump 410 (shown in FIG.
14y, The connection between the tobe 12 and the pump 410 or another {luid collection
container can be & standard connection mechanism, such as & luer Jock or snap fit connection.
Tn other examples, a dedicated or customized connector or connection device can be used for
comnecting the proximal end of the catheter device 10 or port 54 1o other elements of the fluid
collection system. Tn some examples, the customized connecior can be stractured to prevent a
user from connecting the catheter device 10 to unsuitable pressure sources. For example, the
sustomized connector may be sized to prevent a user from comnecting the catheter device 10 to
sources of wall suction or other sources of elevated vacuum pressures.

Exemplory single-stage fixation retention portions
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{80114]  An exemplary indwelling portion 6 of a catheter device 10 is shown in FIGS. 3A-
3C. The exemplary indwelling portion 6 of the catheter device 10 comprises a basket shaped
structure, referred to as a bladder superior wall support 210 (shown in FIGS, 34 and 31),
configured to be disposed within a distal portion of the tube 12 in a retracted position and to
extend from the distal end of the tube 12 in a deployed position. The bladder superior wall
support 210 comprises a support cap 212 configured to support a superior wall 100a of the
bladder 100 (shown in FIGS. 1 and 2) und a plurahily of sapport members, such as legs 214,
connected to a proximal surface of the support cap 212, The legs 214 can be positioned so that
the cap 212 is spaced apart from an open distal end of the tube 12, For example, the legs 214
can be configured to maintain a gap, cavity, or space of distance D1 between an open distal
end 30 of the tube 12 and the support cap 212. The distance D1 can be about 1.0 cm to about
2.0 cm. The height D2 of the bladder superior wall support 210 can about 1.5 ¢ to about 3.0
cm, The support cap 212 can be about 12 10 32 Frin the deployed state, and preferably between
about 8 mm and 10 mm.

j80115]  In some cxaraples, the logs 214 comprises flexible tines, which can be formed from
a shape memory niateriai, such as a nicke! titanfum. The support cap 212 can be a flexible
cover 216 mounted to and supported by the legs 214, The flexible cover 216 can be formed
from a soft and resilient material, such as silivone or Teflon®, for preventing air and/or fluid
from passing through the cover 216, In some examples, the flexible material is formed from a
material which does not appreciably abrade, imitate, or damage the mucosal lining of the
bladder wall or the arethra when positioned adjacent to the mucosal lining, such as stlicone or
Tetlon® materials. The thickness of the cover 216 can range from about 0.05 mm to about (1.5
mm. In some examples, the flexible cover 216 and legs 214 are sufficiently structurally rigid
so that the cover 216 and legs 214 maintain their forro when contacted by the superinr wall
1002 of the bladder 100 (shown in FIGS. 1 and 2). Accordingly, the legs 214 and flexible cover
216 prevent the bladder from collapsing and occluding pecforations on the retention portion 6
and/or an open distal end 30 of the tube 12. 1a addition, the legs 214 and flexible cover 216
effectively keep the trigone region and ureteral orifices open so that negative pressure can draw
urine into the bladder and lumen defined by or enclosed in the tube 12, As discussed herein, if
the bladder were permitted to contract, flaps of tissus would extend over the ureter openings,
thereby preventing negative pressure from drawing urine into the bladder.

[00116]  In some examples, the support cap 212 18 sized to be positioned within the bladder

and to contact the superior wall of the bladder without oceluding the ureteral openings. Tor
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exémple, the bladder superior wall support 210 may be appropriately sized to span the trigone
region such that the trigone region and other portions of the bladder are resiricted from
coniracting. By spanning and avoiding contact with the trigone region, the support cap 212 can
be positioned away from the ureteral openings to prevent occlusion of the openings, which
would inhibit or prevent urine flow from the ureters to the bladder.

[60137] Tn some examples, the catheter device 10 further comprises a drainage tube 218
defining a drainage hurnen disposed at least partiaily within the tube 12, As shown in FIGS.
3A-3C, the drainage tube 218 can comprise an open distal end 220 positioned adjacent to or
extending trom the open distal end 30 of the tube 12, In some examples, the open distal cad
220 of the drainage tube 218 is the only opening for drawing urine from the hladder into the
interior of the drainage tube 218. Tn other examples, a distal portion of the drainage tube 218
may comprise perforations (not shown in FIGS. 3A-3C) or holes on a sidewall 222 thereon.
The perforations can provide additional spaces for drawing urine into the interior of the
drainage tube 218, thereby ensuring that fluid collection can continue even if the open distal
end 220 of the drainage tube 218 is occluded. In addition, perforations can increase surface
area available for drawing fluid into the drainage tube 218, thereby increasing efficiency and/or
fluid collection yield.

199118} In some examples, 2 distal most portion of the support cap 212 can comprise 2
sponge or pad 224, such as a gel pad. The pad 224 can be positioned to contact and press
against the superior bladder wall 100a for the pumpose of preventing drainage, aspiration, or
other traurna to the bladder 100a during negative pressure treatment,

[€6119] With reference to FIG. 4, an indwelling portion of another exemplary bladder
catheter 10 including a bladder superior wall support 210 is iflustrated. The bladder superior
wall supporl 210 comprises a support cap 212 and a plurality of Jegs 214, As in previously
described examples, the bladder superior wall support 210 is capable of being moved between
a reteacted position, in which the support 210 is at least partially retracted in a conduit or tube
12, and & deployed position to support the superior wall of the bladder, Tn some examples, the
catheter device 10 also includes a drainage tube 218 extending from the open distal end 30 of
the conduit or tube 12. Unlike in the previously-described examples, the support cap 212
shown in FIG. 4 comprises an inflatable balloon 226. The inflatable balloon 226 can be a
substantially serni-spherical and can comprise a curved distal surface 228 configired to contact

the superior bladder wall 1002 when deployed.
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188128] In some examples, the drainage tube 218 comprises a perforated portion 230
extending between the open distal end 30 of the tube 12 and the support structiure 212, The
perforated portion 230 is positioned to draw fluid into an interior of the drainage ube 218 so
that it can be removed from the bladder 100, Desirably, the perforated portion 230 is positioned
so as not to be occluded either by the deployed supportt cap 212 or the bladder wall when
negative pressure is applied thereto. The drainage tube 218 can comprise or be positioned
adjacent o an inflation lumen 232 for providing fluid or gas to an interior 234 of the balloon
226 for inflating the balloon 226 from its contracied position to the deployed position. For
example, as shown in FIG, 4, the inflation fumen 232 can be disposed within the drainage tube
218.

[80121] With reference to FIG. 3, an indwelling portion 6 of another exemplary urine
collection catheter device 10 configured to be disposed in the patient’s bladder is illusirated.
The indwelling portion 6 comprises a coiled retention portion disposed at a distal end portion
of the tube 12. In some examples, the retention portion 6 can be a separate stracture that is
connected to the distal end 30 of the tube 12. In other examples, coils can be imparted 0 the
distal end portion of the tube 12, thereby forming the coiled retention portion 6. In some
exaruples, the coiled retention portion 6 comprises at least s first coil 236 having a first diameter
D1 and at least one second coil 238 having 2 second diameter B2, In some examples, the first
diameter D1 is less than the second diameter D2, giving the relention portion 6 a tapered
appearance. For example, the second diameter D2 can be about 4 mm to about 26 mm, The
fwst diameter D can be about 2 mm to 13 mm. In other examples, the arrangement of coils in
the coiled retention portion can be reversed, such that the distal-most ¢oil has a larger diametor
than one or more of the proximal coils.

[86122] Theretention portion 6 of the wbe 12 can further comprise a plurality of perforations
230 disposed on a vadially inwardly facing side 230 of a sidewall of the retention portion 6.
The diameter of the pertorations 230 can range from about 0.005 mum to about 1.0 mm. The
spacing hetween the perforations 230 can range from about 1.5 nwn to about 15 mm, The
perforations 230 can be spaced jo any arrangement, for example, loear or offset. Tn some
examples, the perforations 230 can be non-cireular, and can have a surface area of about 00002
to 0.79 mm?, Placing perforations 230 on the radially iowardly facing side 240 of the coiled
retention partion 6 is intended to prevent the bladder from acchuding the perforations 230 when
negative pressure is applied through the catheter device 10. Tor example, in tesponse to

application of negative pressure to the bladder, portions of the bladder wall can be drawn
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against radially outwardly facing portions of the retention portion 6. Therefore, any
perforations on radially outwardly facing side 242 of the retention portion 6 may be occluded
by the bladder wall. However, perforations 230 on the radially inwardly facing side 240 of the
retention portion 6 are protected. In other examples, a total surface area of perforations on the
radially inwardly facing side 240 of the sidewall of the setention portion 6 can be greater than
a total surface area of any perforations on radially outwardly facing side 242 of the retention
portion 6.

[60123]  With reference to FIG. 6, an exemplary retention portion 6 of a urine collection
catheter device 10 including muliiple coiled drainage Jumens, generally denoted as lwuens 218,
is iflustrated. The retention portion 6 comprises the tube 12 having a distal open end 38, The
drainage lumens 218 are positioned partially within the tube 12. Tn a deployed position, the
draining fumens 218 are configured to extend from the open distal end 30 of the tube 12 and 10
conform & a eoiled orientation. The drainage lumens 218 can be separate for the entire length
of the catheter device 19, or may empty into a single drainage Iumen defined by the tube 2.
1n some examples, as shown in FIG. 6, the drainage lumens 218 can be pigtail coils having one
or more coils 244. Unlike iv the previously described example, the pigtail coils 244 ave coiled
about an axis that is not coextensive with an axis C of an uncoiled portion of the tube. Instead,
as shown o FIG. 6, the pigtail coils can be coiled about an axis D that is approximately
perpendicular to the axis C of the tube 12, In some examples, the drainage lumens 218 can
comprise perforations (not shown in FIG, 6), similar to perforations 230 in FIG. 5, for drawing
fluid from the bladder into an interior of the drainage lamens 218, Tn some exaumples, the
perforations can be positioncd on a radially inwardly facing side 240 of the coiled portions of
the drainage Tumens. As previously described, perforations positioned on radially fnwardly
{acing sides of the drainage lumens 218 or tube 12 are less likely o be occluded by the bladder
walls during application of negative pressure {o the bladder. Urine can also be drawn directly
into one or more drainage lumens defined by the tube 12, For cxample, rather than being
drawing into the drainage lumen(s) 218 through the perforations 230, urine can be drawn
directly through the open distal end 30 and into a drainage lumen defined by the tube 12,

Exemplary retention portions with iwo-stage flxaiion

166124} With reference to FIGS. 7A and 7B, an cxonplary retention or indwelling portion
6, which is adapted to provide a two-stage passive temporary fixation within the bladder, s
fllustrated.  The retention partion 6 is configured to be transitionable between a contracted

position (as shown, for example, in FIG. 7A), during insertion o the bladder, and a deployed
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position (as shown in FIG. 7B} within the patient’s bladder. As described herein, the indwelling
portion & of the catheter device 10 comprises bracing, retaining, and/or sealing structures
extending from the tube 12 for maintaining the bladder in a substantially expanded position
through contact with the superior distal wall, in a similar manner to previously deseribed
examples. The two-stage fixation catheter device 10 also includes structures for sealing or
partially scaling the urethral sphincter to prevent urine from passing through the urethra and
for maintaining the trigone in an expanded position in which the ureteral orifices or openings
are unobstructed.

[60125]  In some examples, the indwelling portion 6 of the catheter device 10 comprises a
bladder superior wall support, sach as a distal anchor 20, and a bladder inferior wall support,
such as a proximal anchor 22, each providing respective surfaces 20a, 22a for contacting the
interior mucosal wall of the bladder. For example, the proximal anchor 22 can be positioned
adjacent o the uretbral sphincier o enhance suction when negative pressure §s applied for
drawing urine from the bladder.  Desirably, the proximal anchior 22 is large enough to
substantially or effectively seal the bladder and to stabilize the distal end 30 of the tube 12
within the bladder. For example, desirably, the proximal anchor 22 entirely seals the bladder
with minimal leakage. It is noted that an & mm anchor is at least two times larger than the
opening of the urethra. Accordingly, when correctly or substantially correctly positioned, the
proximal anchor 22 covers the urethra opening with room to spare, In some examples, the
proximal anchor 22 should not be so large that it completely covers the trigone and/or seals the
ureter openings when positioned within the bladder, Furthermore, the distal anchor 20 also
acts to mamtain spacing between the superior bladder wall and the trigone so as o inhibit the
superior bladder wall from contacting the trigone 113 (shown in FI1G, 2).

[66126] While not intending to be bound by theory, i is believed that introduciog negative
pressure to the bladder 100 essentially collapses the bladder 100. Sealing the bladder 100 by
positioning the proximal anchor 22 over the urcthra opening may prevent the bladder 100 from
collapsing completely, thereby ensuring that perforations or drainage holes 28 of the catheter
10, as well as the trigone and ureteral orifices or openings, are open, accessible, and free of
obstruction. Tn some examples, pressure from the superior wall 100b holds the proximal anchor
22 i place against the inferior wall 1004, thereby creating the seal over the urethra opening,
180327} For a catheter device 10 including an & to 16 Fr eJongated tube 12, the anchors 20,
22 can have a diameter equivalent o about 4 mm to 10.7 mm (12 1o 32 Fr) in the deployed

state, and preferably between about & mm and 10 mm (24 Fr and 30 ¥r). It is believed that an
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8 mm diameter anchor 20, 22 would be a single size suitable for all or most patients. Fora
catheter device 10 with 24 Fr anchors, the length L. (shown in FIG. 7B) between the anchors
20, 22 is about 1.5 em to about 2,3 ¢m, and preferably about 1.9 cm (0.75 in). Thus, in some
examples, in the contracted stale, the opposing anchors 20, 22 have a total non-oveslapping
length of about 1.6 cm (0.8 em per anchor). To account for end padding and other spacing, the
anchors 20, 22 can be separated by an additional small amount, such as an additional twenty
percent (e.g. about 0.3 ¢m). Thus, the length L (shown in FIGS. 7B and 8B) between the
anchors 20, 22 is preferably about 1.8 cm.

[80128] In some examples, the anchors 20, 22 are controlled by a release mechanism, such
as a biasing member that, when actuated, causes the anchors 20, 22 to transition from the
contracted position to the deployed position. When deployed, the anchors 20, 22 are positioned
and configured to form an essentially or fully airtight seal with the bladder walls 100a, 100b
and, in particular, to prevent air and/or urine from exiting the bladder 100 through the urethra
116. In some examples, when deployed, anchors 20, 22 of the indwelling portion 6 have
sufficient integrity or rigidity to support the superior wall 100b of the bladder 100 and maintain
a space between the superior wall and the trigone and/or inforior wall of the bladder, In some
examples, when deploved, anchors 20, 22 substantially maintain their configuration upon
deployment and do not collapse due to contact with bladder walls and/or trigone, In some
examples, when deployed, the indwelling portion 6 maintains its orientation such that central
axis thereof extends between the superior wall of the bladder and the trigone. Desirably, the
indwelling portion 6 does not appreciably collapse along the central axis, or shift or 6t from
its axial position upon deployment from pressure exerted on the indwelling portion 6 by the
bladder walls.

[861291  Insome sxamples, the distal end 30 of the catheter body or tube 12 extends through
the distal anchor 20 and is in contact with the superior wall 100b of the bladder 100 (shown in
FIGS. 1 and 2). Tn that case, the distal end 30 of the catheter body or tube 12 can include a
sponge or pad 40, such as a gel pad, mounted to the catheter body or tube 12 and positioned to
contact and press against the superior bladder wall 100b for the purpose of preventing drainage,
aspi_rati(m, or other trauma.

{00138} The tube 12 can further comprise a fluid recciving pottion, e.g., the drainage
channel(s) or lumen(s) 14. The drainage lumen 14 can include one or more perforations, such
as drainage potts, eyelets, or holes 28 for draining fluid (e.g. urine or zir) from the bladder 100

into the lumen 14 of the tube 12 for removal from the bladder 100. The drainage holes 28 can
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be arranged in any suitable pattern, such as linearly along the length of the catheter body or
tube 12, at various positions around the tube 12 or in a helical pattern extending along the tube
12. Desirably, the drainage holes 28 are arranged fn a pattern that ensures stability and rigidity
of the distal end 30 i the deployed position. Tn some examples, the drainage lamen 14
comgprises about one to twenty drainage holes 28. The drainage holes 28 can have a diameter
of about 0.005 mm to about 0.5 mm. The holes 28 can be generally circular or oval shaped,
and can be arranged in a straight line along the tube 12 or can be offset.

180131]  In some examples, as shown in FIGS. 7A and 7B, the anchors 20, 22 can comprise
a basket or umbrella shaped frame structure. For exaiuple, the anchors 20, 22 can comprise
flexible supports, such as flexible support members 32, extending radially from the tube 12
For example, each flexible member 32 can include one end that is fixedly connected to the tube
12 and a free end that, in the deployed position, extends radially outward from the tube 12. The
flexible members 32 can be slightly bowed, curved, or biased to betler absorb contracting forces
from the superior bladder wall, The flexible members 32 can bz any suitable length and width
to correspond with the anatomy of the bladder 100. For example, the flexible members 32 can
be formed from a shape-memory alloy, such as nicke! titanium, can be generafly cylindrical or
columnar in shape, and can have a diameter of between abot 0.05 nim and 1 mm. Tn some
examples, the flexible members 32 can also include one or more hinges for imparting sufficient
flexibility thereto.

[80132]  The support members 32 can be covered by a support cap, such as a cover 38 or
membrane, formed from a flexible and non-porous material or fabric, such as silicone or
Tetlon®, for preventing air and/or fluid from passing through the cover or membrane. In sorme
exaroples, the cover 38 is formed frova a material which does not appreciably abrade, irritate,
or damage the mucosal lining of the bladder wall or the urethira when positioned adjacent to
the macosal lining, such as siicone or Teflon® malerials. The thickness of the cover 38 can
range from about 0.05 mm to about 0.5 mm. In some examples, the cover 38 of the proximal
anchor 22 defines an annular seal extending around a central opening 34 thereof for sealing the
inferior bladder wall. In some examples, portions of the cover 38 can comprise include an
elastomeric material or other flexible malerial, such as silicone or Teflon®, for ensuring tight
contact with the inferior bladder wall.

[801331 In some examples, the catheter device 16 can further comprise one or more posts 26
extending substantially parallel and/or concentric to the tube 12 between the proximal anchor

22 and the distal anchor 20 for providing additional support for the tube 12. In some examples,
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the posts 26 can be substantially rigid members that are connected to, enclosed within, or
integrally formed with other portions of the tube 12. For example, the posts 26 can include one
or more nickel tilanium or plastic Unes. The posts 26 are provided so that the distal end 30 of
the tube 12 can withstand forces exerted on the anchors 20, 22 by the bladder wall(s). For
example, the posis 26 can be formed from a rigid material that does not bend from a central
axis of the tube 12 and ensures even distribution of downward bladder wall pressure. The
teagth L (showa in FIG. 7B) of the post 26 can be a fixed length, and is selected such that,
when deployed in the bladder 100, the anchors 20, 22 and the post 26 create sufticient space
so that drainage functions of the catheter 10 are not inhibited. For exanple, the length L of the
post 26 can be between about 1.0 em and 3.0 em. The posts 26 can prevent the bladder 100
from collapsing and obstructing drainage holes or anatornical structures of the bladder 100,
such as the ureters 114, For anchors 20, 22 having a deployed diameter of about 8 num, the
posts 26 can have a diameter of about 0.3 mm o about 1.0 mm {e.g., 1 Frio 3.3 Fr).

[80134]  Alternatively, in some exarnples, the fluid receiving portion or distal end 30 of the
tube 12 can be provided in different lengths L for different patients. In other arrangements, the
distal end 30 can include a length adjustroent mechanism, such as a telescoping arrangement,
for adjusting the length L. of the distal end 30 for a particular patient.

[80135]  With reference to FIGS. 8A and 8B, an indwelling pottion of another exemplary
catheter device 10a is illustrated. A fluid receiving portion or distal ead portion 30a of the
catheter device 104 is shown in a contracted position in FIG. 8A, and in a deployed position in
FIG. 8B. The distal end 30a includes opposing bladder wall supports for supporting the
superior and inferior bladder walls. For example, the distal end portion 30a can comprise a
proximal sheath 20a and a distal sheath 22a. Each sheath 20a, 22a extends between a slidable
ring or collar 24a and stationary or mounted ring or collar 28a. The sheaths 204, 22a are formed
from a {lexible, non-porous malerial, such as silicon. The sheaths 20a, 22a are held together
by one or more flexible wires or cables 26a. The sheaths 20a, 22a can also be conuected by
one or more rigid members, such as supports 32a. In some examples, the supporis 32a can be
tines formed from a flexible, shape-memory material, such as nickel titanium. The supports
324 are positioned to provide support for the proximal sheath 20a and to prevent the distal end
30a from collapsing when it is in the deployed position. In the contracted position, the collars
Z4a, 28a are positioned apart from one another, such that the sheaths 20a, 22a are stretched or

folded against the cable 26a and supports 32a. Tn the deployed position, the slidable collars
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24a are moved toward the stationary collars 28a, allowing the sheaths 20a, 22a io unfold from
the central cables 26a and to form a substantially flat disk-shaped structure,
{66136]  In use, the distal end 30a of the catheter device 104 is inserted into the bladder of &
patient in the contracted position. Once inserled in the bladder, the distal sheath 223 is released
by sliding the slidable collar 24a in a distal direction toward the stationary collar 283, Once
the distal sheath 22a is deplayed, the proximal sheath 20a is released or deployed in a similar
manner by sliding the slidable collar 24a in the proximal direction toward the respective
stationary collar 28a. At this point, the proximal sheath 20a is floating within the bladder, and
is not positioned or sealed against the inforior wall of the bladder. Pressure against the distal
sheath 22a caused by collapsing of the bladder is transferred to the proximal sheath 26a through
the supports 322 and causes the proximal sheath 204 to move toward the desired position
adjacent to the opening of the urethra. Once the proximal sheath 20a is in place, a seal over
the urethra opening is created. The seal causes a negative pressure within the bladder and
prevents air and/or urine from exiting the bladder through the urethea,

Exemplary retention portinas with aiwdar inflatable balloons
[80137]  With reference to FIGS. 9A-11B, indwelling or retention portions 6 of additional
exerplary urine collection catheter devices 10 comprising bladder supertor wall suppor(s 300
are iflustrated, Unlike in previously described examples, the rigid or substantially rigid anchors
20, 22 (shown in FIGS. 7A and 7B) are replaced with an inilatable support cap, such as an
annular balloon 310, positioned to contact the superior wall of the bladder (o prevent the
bladder from contracting and occhuding either fluid pori(s) 312 of the catheter device 10 or the
ureteral openings of the bladder. In some examples, a distal end portion 3¢ of the tube {2
gxtends through a central opening 314 of the balloon 310. The distal end portion 30 of the ube
12 can also contact the superior bladder wall.
[60138] With specific reference to FIGS. 9A and 9B, in some examples, the tubs 12
comprises a fluid access portion 316 positioned proximal to the balloon 310 and extending
through a sidewall of the tube 12, The fluid access portion 316 can comprise a filier 318 (shown
in FIG. 9B) disposed about a central lumen of the tube 12. In some examples, a sponge material
320 can be positioned over the filter 318 for increased absorbance of fluid within the bladder.
For example, the spooge material 320 can be injection molded over the filter 318, In use, urine
is absorbed by the sponge material 320 and, upon application of negative pressure through the

tube 12, passes through the filter 318 and into the central famen of the tube 12,
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[80139]  With specific reference to FIGS. 10A and 108, in another exemplary embodiment,
the support cap, such as the annular balloon 310, comiprises a substantially bulbous distal
portion 322 configured to contact and refain the superior bladder wall. The balloon 310 further
comprises a plurality of proximally extending lobes 324. For example, the balloon 310 can
comprise three lobes 324 spaced equidistantly around a portion of the tube 12 proximal to the
balloon 310. As shown in FIG. 10B, the fluid ports 312 can be positioned between adjacent
lobes 324. In this configuration, the Jobes 324 and bulbous distal portion 322 contact the
bladder wall, which prevents the bladder wall from blocking or occluding the tluid ports 312.
[608140]  With specific reference to FIGS. 11A and 118, in another exemplary embodiment,
the annular balloon 310 is provided with a flattened and elongated shape. For example, the
annular balloon 310 can have a substantially teardrop shaped radial cross section as shown in
FiGG. 118, with a narrowar portion 326 thereof positioned adjacent to the tube 12 and the
enlarged or bulbous portion 328 positioned on the radially outwardly facing side thereof, The
flatied anmular balloon 310 is configured to span and seal the trigone region of the bladder such
that when deployed in the bladder, the outer circumference of the balloon 310 extends radially
beyond the ureteral openings. For example, when positioned in the paiient’s hladder, the
central opening 314 of the balloon 310 can be configured to be positioned above the trigone
region, Fluid port{s) 312 can be positioned proximal to the central portion balloon 310, as
shown in FIG. 118, Desirably, the fluid pori(s) 312 are positioned between the ceniral opening
314 of the balloon and the trigone region. When the bladder contracts from application of
negative pressure, the bladder wall is supported by the outer circumiference of the bhalloon 310
to avoid blocking the vreter openings.  Accordingly, in this configwatios, the balloon 310
contacts and prevents the bladder wall from blocking or sccluding the fluid ports 312, Ina
stroilar manner, as discussed herein, the batloon 310 keeps the trigoune region open so that urine
can be deawn from the ureters into the bladder through the ureteral openings.

[88141] With reference to FIG. 12, another exemplary embodiment of an indwelling portion
6 of a urinc collection catheter 10 comprising a bladder superior wall sapport 300 is iflustrated,
The bladder superior wall support 300 comprises a bulbous sponge 330 mounted to and
exiending from the open distal end 30 of the tbe 12, The sponge 334 is substantially similar
to the balleon 310 in previously-described examples and can be configured o contact the
superior bladder wall to prevent or counteract contraction of the bladder. Desirably, the sponge
330 is formed from a soft, pliable material that does nof appraciably abrade, irntate, of damage

a mucosal lining of the bladder walls or of a urethra when positioned adjacent to a mucosal
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lining of the bladder walls or the urethra. In use, upon application of negative pressure through
the tube 12, fluid is drawn through the porous sponge 330, through the distal opening 30, and
into a central lumen of the tabe 12
Exemplary external portions of the urine collection catheler

{80142] With reference to FIG. 13, elements of the external portion 8 of the tube 12 will be
described in detail, As previously discussed, the external portion 8 comprises portions of the
tube 12 external to the patient’s body. A proximal end of the external portion 8 can be
configured to be connected to a Huid container or pump 410 {shown in FIG. 14). In some
examples, the external portion 8 can comprise a deployment guide 44 for advancing or inserting
the catheter 10 through the uretbra 116 {shown in FIGS. 1 and 2) and inio the bladder.
Desirably, the deployment guide 44 is easy to use for non-medical personnel so that, for
oxample, the device 10 can be deployed independently by the patient (¢.g., self-administration).
The deployment guide 44 can be configured to accommodate different catheter lengths (o
accommodate the anatomy of a pacdticular patient. The deployment guide 44 can include &
mechanism for advancing the catheter 10 such as a trigger 46 or advancing kuob. To some
exarmples, the user exiends or Jengthens the catheter device 10 by pressing the trigger 46 ina
distal direction. Similarly, the catheter device 10 is retracted by pulling the trigger 46 in the
opposite direction to withdrawn the catheter 10 from the patient,

[60£431 The deployment guide 44 can further comprise a release mechanism 48 for releasing
the anchors 20, 22 to transition the catheter 10 from the contracted position (shown in FIGS.
7A and §AY to the deployed position (shown, for example, s FIGS. 7B and 8B). For example,
the release mechanism 48 can comprise a release button or switch located on or adjacent to the
deployment guide 44 that, when actuated by a user, causes a corresponding structure on the
distal end 30 of the catheter 10 to push or mwove the anchors 20, 22 [rom the contracied position
to the deployed position. More specifically, the anchors 20, 22 paturally remain in the
contracted position. The release mechanism 48 overcones the bias toward the contracted
position and temporarily holds or locks the anchors 20, 22 in the deployed position. In some
examples, the release mechanism 48 can be configured to release the anchors 20, 22
simulianeously 0 avoid applying unequal pressure {0 opposite sides of the bladder 100, as
would occur if one anchor was in a deployed state while the other anchor was in a contracted
state, Similarly, the release mechanism 48 can be configured to automatically retract the
proximal anchor 22 if the distal anchor 20 is forced to close from an excessive force exerted

by the bladder wall 100a, 1006b. The release mechanism 48 can also be configured to
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automatically retract the anchors 20, 22 if, for example, the catheter device 10 is inadvertently
or intentionally pulled out while the distal end 30 is in #ts deployed position.

{80144] With continued reference to FIG. 13, since the anchors 20, 22 are pussively fived
and create an essentially airtipht scal in the bladder 100 (shown in FIGS. | and 2), there is a
risk that trauma to the bladder 100 or urethra 116 can oveur if the catheter device 10 were
pulled while the anchors 20, 22 were in the deploved state. Therefore, the external poriion of
the catheter 10 can comprise a breskaway valve 30 {or releasing or geparating a portion of the
catheter 10 including the indwelling portion 6 of the catheter device 10 from the external
portion of the catheter 10. The breakaway valve 50 is generally positioned along the tube 12
at a position that is proximal to the deployment guide 44 as shown, for example, in FIG. 13,
The breakaway valve 50 can be configured such that, when the poriions of the catheter device
10 are separated, the valve 50 transitions to a closed position to prevent fluid from leaking from
the catheter 10. The external poriions of the catheter 10 can be reattached to the breskaway
valve 50 to continue therapy.

{60145} The catheter device 10 can further comprise sensors 52 for monitering fluid
characteristics of urine being excreted from the bladder. Tnformation obtained from the sensors
52 can be transmitted (o a central data collection module or processor and used, for example,
to control operation of an external device, such as the pump 410 (shown in FIG. 14), The
sensors 52 can be integrally formed with the tabe 12 such as, for example, embedded in a wall
of the tube 12 and 1n fluid communication with the one or more lumens 14 of the catheter 10,
Tn other examples, one or more of the sensors 52 can be positioned i a fluid collection
container {not shown) or in internal circuitry of an external device, soch 2s a pump.

{68146} In some cxamples, the catheter device 10 further comprises one or more of the
following types of sensors 52, For example, the catheter can include 2 conductance sensor or
electrode that samples conductivity of urine iy the ¢atheter 10, The normal conductance of
human wrine is about 3-10 mS/m. Urine having a conductance outside of the expected range
can indicate that the patient is experiencing a physiological problem, which requires further
treatment or avalysis. The catheter 10 can also tnshude a flow meter for measuring 4 flow rate
of urine through the catheter 10. Flow rate can be used to determine a total volume of fluid
excreted from the body, The catheter 10 can also include a thermometer for measuring urine
temperatare.  Urine temperatare can be used to collaborate the condactance sensor. Urine
temperatare can also be wsed for monitoring purposes, as urine temperature outside of a

physiologically normal range can be indicative of certain physiological conditions,
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{00147 With continued reference 1o FIG. 13, the proximal end of the catheter body or tube
12 can comprise a port 54 configured o conneet either to flexible tubing of a fluid collection
systern ot directly to an external unit, such as @ punip. The port 54 can comprise connectors,
sealing members, and valves for forming a suitable fluid connection between the catheter 10
and the external unit. For example, the connector can be a bracket, luer connector, screw
connector, clamp, or other suitable commection mechanism as is known in the art. In another
example, the catheter body or tube 12 can be connected to a peristaltic pump connector. The
peristaltic pump connector can be an inline catheter that is fed through artns of the pump, which
are positioned to force fluid through the inline catheter. In other examples, the pumpcanbe a
diaphragm or piston pump, as are known in the art.

Exemplary system for inducing negative pressure

[80148] With reference to FIG. 14, a system 400 for inducing negative pressure including a
catheter device 10 deployed in the bladder of a patient is illustrated. Tn some examples, the
system 400 comprises the catheter device 10 connected to a fluid collection container 412 for
collecting and storing expelled urine. The fluid collection container 412 can be placed under
negative pressure by an exiernal unit, such as the pump 410, connected thereto. The negative
pressure generated by the pump 410 is provided to the patient’s bladder through one or more
drainage lumens of the catheter device 10. As discussed herein, negative pressure therapy can
be provided for overcoming interstitial pressure in the kidneys to induce urine production. In
some examples, the systern 400 further comprises a controller 414, such as a microprocessor,
having or associated with computer readable memory 416, The memory 416 can store
insiructions that, when executed, cause the controller 414 to receive information from sensots
372 located on, or associated with, the catheter device 10, determing information about the
condition of the patient based on information from the sensors 52, and delernive and
implement operating parameters for the pump 410 based on information received from the
sensors 52,

[@8149]  Tnsome cxamples, the controller 414 is incorporated in a separate electronic device,
such as a dedicated electronic device or a multipurpose electronic device, such as a computer,
tablet PC, or smart phone. Alternatively, the controller 414 can be btegral with and/or
electronically coupled (o the pump 410 and, for example, can control both a user interface for
manually operating the pump 410, as well as system functions, such as receiving and

processing information from the sensors 32,
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{80180} The controller 414 can be configured 1o recetve information from the one or more
sensors 52, such as the conductance sensor, and to store the information in the associated
computer-readable memory 416, For example, the controller 414 can be conligured to receive
information from the conductance sensor at a predetermined rate, such as once every second,
and to determine a conductance based on the received information. In some examples, the
algorithm for caleulating conductance can also include other sensor measurements, such as
urine temperature, to obiain a more robust determination of conductance.

[60151] The controller 414 can also be configured to caleulate patient physical statistics or
diapnostic indicators that illusirate changes in patient condition over time. For example, the
system 400 can be configured to identify an amount of total sodium excreted. The total sodium
exereted could be based, for example, on a combination of flow rate and conductance over a
period of time.

[86152] With continued reference fo FIG, 14, the system 400 can [urther comprise o
feedback device 420, such as a visual display or audio system, for providing information to the
user. In some examples, the feedback device 420 can be integrally formed with the pump 410.
Alternatively, the feedback device 420 can he a separate dedicated or a multipurpose electronic
device, such as a computer, laptop computer, tablet PC, smart phone, or other handheld
electronic device. The feedback device 420 can be configured to receive the calculated or
determined measurements from the controller 414 and to present the received information to a
user via the feedback device 420. For example, the feadback device 420 can be configured to
display current negative pressure (in mmHg) being applied to the urinary tract, The feedback
device 420 can also display cuirent flow rate of urine, temperature, current conductance in
mS/m of urine, total urine produced during the session, total sodium excreted during the
session, or any combination thereof,

[061531 The feedback device 420 can also inchude 2 user interface that aliows the user to
contro] operation of the pump 410, For example, the user can engage or tura off the pump 410
via the vser interface. The user can also adjust pressure applied by the pump 410 to achieve a
greater magnitude or rate of sodium excretion and fluid removal,

[60154]  In some examples, the feedback device 420 and/or pump 410 further comprise a
data transmitter 422 for sending information from the device 420 and/or pump 410 to other
clectronic devices or computer networks, The data transmitter 422 can ulilize a short-range or
long-range data communications protecol. An example of a ghort-range data transmission

protocol is Bluetooth®. Long-range data transmission networks include, for example, Wi-T'i,
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Zigbee, cellular transmissions protocols, and the like. The data transmitier 422 can send
iformation to a patient’s physician or caregiver to inform the physician or caregiver about the
patient’s current condition, Alternatively, or in addition, information can be sent from the data
transmitter 422 {o existing databases or information storage locations, such as, for example, to
include the recorded information in a patient’s electronic health record (EHR).

[O0155]  With reference to FIGS. 13A and 5B, an exemplary pump 410 for use with the
system 15 Hlustrated. Tn some examples, the pump 410 is 2 micro-pump configured to deaw
fluid from the catheter device and having a sensitivity of about 0.5 mmllg. Desirably, the
pump 410 is capable of providing a range of flow of urine between 0.05 m/min and 3 m¥min
for exiended periods of time, At (.2 ml/min it is anticipated that about 300 ml, of arine per
day is collected by the system 400, The pump 410 can be configurad to provide a negative
pressure to the bladder of the patient, the negative pressure ranging between about 0.1 mmliig
and 20 mmHg (gauge pressure at the punp 410). For exanple, & mivro-pump manufachured
by Langer Inc. (Model BT100-2]), can be used with the presently disclosed system 400.
Diaphragm aspirator pumps, as well as other fypes of commercially available pumps, can also
be used for this purpose. Peristaltic pumps can also be used with the system 400,

[60186} o some examples, the pump 410 can be configured for extended use and, thus, is
capable of maintaining precise suction for periods of between 8 and 24 hours. The pump 410
can be manually operated and, in that case, includes a control panel 418 that allows a user to
sel a desired suction value. The pump 410 can also include a controller or processor, which
can be the same coniroller that operates the system 400, or can be a separate processor
dedicated for operation of the pump 410. In either case, the processor is configared for hoth
receiving instructions for manual operation of the pump and for automatically operating the
purnp 410 according o predetermined operating paramicters,  Altiematively, or in addition,
operation of the punp 410 can be controlled by the processor based on teedback received from
the plurality of sensots associated with the catheter.

Methed of inducing negative pressure

{681571  Having described the catheter device and system, a process for inducing negative
pressure in the bladder will now be discussed in detail. With reference to FIG. 16, a medical
professional, caregiver, or the patient inserts the catheter through the urethra of the patient, as
shown in box 510. The catheter is advanced through the urethra and enters the bladder at box
512, The vser advances the catheter through the bladder until the pad or padding on the distal

tip of the catheter comes into contact with the bladder wall imrediately adjacent 1o the urethral
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sphincter. At box 514, the user engages the release mechanism such that the proximal anchor
and the distal anchor extend from the contracted state to the deployed state. In the deployed
state, the distal anchor contacts the bladder wall immediately adjacent to the vrethral sphinctes.
The proximal anchor coutacts an opposing side of the bladder wall from the distal anchor and
seals the opening to the urethra to maintain urine in the bladder. The anchors can be released
simultanecusly. In sorme examples, the distal anchor and the proximul anchor are also
positioned simultancously. Alternatively, the distal anchor cun first be positioned adjacent o
the urethral sphincter and the proximal anchor can float within the bladder. In that case,
pressure from the superior wall of the bladder pushes against the distal anchor, which in turn
guides the proximal anchor info position to seal the opening to the urethra,

[80138] Once the catheter is in place and transitivned to the deployed state, negative pressure
is applied to the bladder at box 516, The negative pressure collapses the bladder, thereby
holding the anchors against the mucosal wall to seal (he urethra. Desirably, the negative
pressure is evenly distributed across both weters and both kidneys. Furtber, the negative
pressure on the medulla counters congestion mediated nerstitial hydrostatic pressures due to
elevated intra-abdominal pressure and consequential or elevaied renal venous pressure or renal
tymphatic pressure. The applied negative pressure is therefore capable of increasing flow of
{iltrate through the medullary tubules and of decreasing water and sodium re-absorption.
[88159]  As a result of the applied negative pressure, at box 518, urine is drawn into the
catheter through the openings or eyelets, The urine ig then drawn from the body through the
catheter where it is collected in a collection container for disposal. As the urine is being drawn
to the collection container, at box 520, the plurality of sensors provide a number of
measurements about the urine that can be used to assess the volume of urine collected, ag well
as information about the physical condition of the patient and composition of the urine formed.
For example, the sensors can be embedded in the catheter in fluid communication with the
lumens exiending therethrough. Information can be obtained by the sensors as urine passes
through the catheter, The information obtained by the sensors can be processed, at box 522,
by 4 processor associated with the pump or other device and, at box 524 is displayed to the user
via the visual display of the feedback device.

1601607 The embodiments have beon deseribed with reference o various cxamples.
Medifications and alterations will ccour to others upon reading and understanding the
foregoing examples. Accordingly, the foregoing examples are not to be constraed as imiting

the disclosure.
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WHAT IS CLAIMED IS:
1. A bladder catheter, comprising:

(a)  aproximal portion configured to be positioned in at least a portion of a patient’s

urethra; and

(b)  a distal portion configured to be positioned in a patient’s bladder, the distal
portion comprising a retention portion, wherein the retention portion comprises an
inwardly facing side comprising one or more perforations and an outwardly
facing side, and wherein, when negative pressure is applied through the bladder
catheter, fluid is drawn into the bladder catheter through the one or more
perforations while bladder walls are prevented from appreciably occluding the
one or more perforations by contact with the outwardly facing side of the

retention portion.

2. The bladder catheter of claim 1, wherein the retention portion comprises a coiled

retention portion extending radially within a patient’s bladder.

3. The bladder catheter of claim 1 or 2, wherein the proximal portion extends outside a

patient’s body through the patient’s urethra.

4. The bladder catheter of any one of claims 1 to 3, wherein the proximal portion is
configured to be connected to a pump for application of negative pressure through the

bladder catheter.
5. A bladder catheter, comprising:

(a)  aproximal portion configured to be positioned in at least a portion of a patient’s

urethra; and

(b)  adistal portion configured to be positioned in a patient’s bladder and comprising
an inwardly facing side comprising one or more perforations and an outwardly
facing side, wherein, when negative pressure is applied through the bladder
catheter, fluid is drawn into the bladder catheter through the one or more

perforations while bladder walls are prevented from appreciably occluding the
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one or more perforations by contact with the outwardly facing side of the

retention portion.

6. The bladder catheter of claim 5, wherein the retention portion comprises a coiled

retention portion extending radially within a patient’s bladder.

7. The bladder catheter of claim 5 or 6, wherein the proximal portion extends outside a

patient’s body through the patient’s urethra,

8. The bladder catheter of any one of claims 5 to 7, wherein the proximal portion is
configured to be connected to a pump for application of negative pressure through the

bladder catheter.
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