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ARTIFICIAL BLADDER

CLAIM OF PRIORITY

This application claims the benefit of priority under 35
U.S.C. § 119(e) of U.S. Provisional Patent Application Ser.
No. 63/201,141, filed on Apr. 14, 2021, which is herein
incorporated by reference in its entirety.

TECHNICAL FIELD

This document relates generally to implantable medical
devices and more particularly, but not by way of limitation,
to an implantable medical device that can be used as an
artificial bladder for collecting and discharging urinary
fluids.

BACKGROUND

The urinary bladder (referred to as “urinary bladder” or
“bladder” herein) is a hollow muscle-membranous organ
that is part of a person’s urinary tract. The bladder receives
urine from the ureters, stores the urine, and expels the urine
from the body of the person through the urethra during
urination. The bladder has a spherical shape. In its posterior-
superior portion, the bladder connects to the ureters through
which the urine is received from the kidneys. In its inferior-
medial portion, the bladder terminates in the urethra, which
terminates at the urinary meatus. After entering the bladder,
the urine accumulates to level that is sensed by pressure
corpuscles, which send signals to the brain to initiate uri-
nation. Urination is a complex act during which the detrusor
muscle contracts while the urethral sphincter relaxes.

Surgical removal of the bladder, a procedure known as
radical cystectomy, may become necessary due to various
reasons such as certain tumors and trauma. One example of
such reasons includes bladder cancer, which is one of the
most common types of cancer worldwide and also known as
one of the leading causes of death. This necessities the
surgical removal of the bladder for many patients. Once a
patient’s bladder is removed, it is necessary to restore the
function previously performed by the patient’s bladder,
including allowing the urine to accumulate and then flow
and discharge at regular intervals out of the patient’s body.
Currently there is surgical procedure and/or artificial device
that can replace the bladder with its full natural functions.

An example of a surgical technique for restoring urinary
functions after bladder removal includes harvesting a por-
tion of the patient’s intestine, adhering it to the ureters, and
subsequently generating a urinary stoma across the abdomi-
nal wall. An externally carried urine collection bag is
attached to the body to collect the urine through the stoma.
There are two ways to manage this technique. One way
includes a surgery that takes a portion of the intestine and
isolates it from its full length. The remaining portions of the
intestine are joined together so that the intestine continues its
function. One end of “borrowed” portion of the intestine is
closed. The other end is removed from the abdominal cavity
through muscles and skin and to form the stoma (artificial
opening) on the surface in the patient’s abdominal area. The
ureters are attached to this “borrowed” portion of the intes-
tine to allow the urine to accumulate in and flow through it
to the stoma. A bag is attached to the skin in the abdominal
area to cover the stoma to collect the urine. This procedure,
known as ureterocutaneostomy, does not restore the natural
functions performed by the patient’s bladder. For example,
the urine does not accumulate properly within the body and
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is not expelled through the regular duct, the urethra. The
other way is substantially the same, except that instead of
forming the stoma on the skin, a larger sac is created to form
a urinary storage bag. Thus, the patient has to permanently
perform catheterization through the urethra to remove the
urine.

Another example of a surgical technique for restoring
urinary functions after bladder removal includes a surgery
for harvesting a portion of the intestine and connect it to the
ureters and the urethra to create a neobladder. To create the
neobladder, the patient’s bladder (e.g., a cancerous or
severely traumatized bladder) is removed by a procedure
known as a cystectomy, either through a traditional abdomi-
nal incision or with a robot-assisted laparoscopic approach
(robotic surgery). A segment of the small intestine, a por-
tions of the colon, or a combination of both is remodeled to
form a sphere, which becomes the neobladder. The neoblad-
der is placed in the patient’s body in the space that was
occupied by the original bladder. The neobladder is attached
to the ureters so that the urine can drain from the kidneys
into the neobladder. The other end of the neobladder joins
the urethra. This technique allows the patient to maintain
urine control with a functional bladder capable of storing
urine without the need for external device (e.g. a bag).
However, potential complications can occur with the neo-
bladder construction, such as bleeding, blood clots, infec-
tion, urinary leakage, urinary retention, electrolyte imbal-
ances, vitamin B-12 deficiency, incontinence, and cancer in
the intestine.

In additional to the great technical difficulty of the pro-
cedure, the neobladder is associated with a high morbidity
with subsequent complications and a non-negligible mortal-
ity rate. Complications have been specifically detected over
the years in patients who have undergone the neobladder
construction surgery, related to metabolism and liver medi-
cations, vitamin deficiency, electrolyte disorders, bone dis-
eases, cancers, and related problems with the presence of an
ostomy, such as bleeding, stenosis, and hernia. Furthermore,
following the procedure, serious incontinence problems are
common, forcing the patient to wear diapers for incontinent
adults and hence experiencing physical and psychological
discomfort. There are also other types of neobladders known
as heterotopic, such as the intestinal neobladder connected
to the navel, emptied by the patient through a catheter. This
type of neobladder also has drawbacks related to the diffi-
culty of implantation and infections that can cause kidney
failure.

Therefore, at this time, patients undergoing bladder
removal have the possibility of experiencing a totally unsat-
isfactory quality of life, which also implies a significant
economic cost for the health system. All external urinary
components, such as bags, as well as internal components,
such as neobladders, involve substantial costs for regular
maintenance, which may include multiple controls and
replacements performed by specialized personnel.

SUMMARY

An implantable medical device for use as an artificial
urinary bladder can include a collection container configured
to be placed in a patient’s abdominal cavity and a pump
configured to be subcutaneously placed outside the abdomi-
nal cavity to allow the patient to perceive the need for
urination and controls timing of the urination. Flexible
tubing can connect the patient’s ureters to the collection
container, connect the collection container to the pump, and
connect the pump to the patient’s urethra, with unidirec-
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tional valves where needed, to allow for urination through
the patient’s natural urethra. The implantable medical device
can optionally include a cleaning port and tubing connecting
the cleaning port to the collection container for introducing
a liquid cleaning agent into internal urination circuit of the
device for cleaning, disinfection, and prevention of stone
formation.

An example of the implantable medical device is pro-
vided. The implantable medical device may include: first
and second tubes configured to be connected to the ureters
to receive the urine from the kidneys through the ureters; a
collection container coupled to the first and second tubes and
configured to be placed inside the abdominal cavity and to
receive the urine from the two tubes; a pump configured to
be placed outside of the abdominal cavity; a third tube
connected between the collection container and the pump to
provide for fluid communication from the collection con-
tainer to the pump; a first unidirectional valve coupled to the
third tube and configured to allow the urine to flow from the
collection container to the pump; a fourth tube connected to
the pump and configured to be connected to the urethra; and
a second unidirectional valve coupled to the fourth tube and
configured to allow the urine to flow from the pump to the
urethra.

Another example of the implantable medical device is
provided. The implantable medical device may include: first
and second tubes configured to receive the fluid; a collection
container coupled to the first and second tubes and config-
ured to receive the fluid from the two tubes; a pump; a third
tube connected between the collection container and the
pump to provide for fluid communication from the collec-
tion container to the pump; a first unidirectional valve
coupled to the third tube and configured to allow the fluid to
flow from the collection container to the pump;

a fourth tube connected to the pump; a second unidirec-
tional valve coupled to the fourth tube and configured to
allow the fluid to flow from the pump to the fourth tube; a
cleaning port configured to receive the liquid cleaning agent;
a fifth tube connected between the cleaning port and the
collection container to allow fluid communication from the
cleaning port to the collection container; and a third unidi-
rectional valve coupled to the fifth tube and configured to
allow the liquid cleaning agent to flow from the cleaning
port to the collection container.

A method for replacing functions of a urinary bladder
using an implantable medical device placed in a body of a
patient is also provided. The method may include: collecting
urine from kidneys of the living body using a collection
container placed within the abdominal cavity through first
and second tubes connected between the ureters and the
collection container; allowing the urine to flow from the
collection container to a pump subcutaneously placed out-
side of the abdominal cavity through a third tube connected
between the collection container and the pump when the
pump is not pressed by the patient; and allowing the urine to
flow from the pump to the urethra through a fourth tube
connected between the pump and the urethra when the pump
is pressed by the patient.

This Summary is an overview of some of the teachings of
the present application and not intended to be an exclusive
or exhaustive treatment of the present subject matter. Further
details about the present subject matter are found in the
detailed description and appended claims. Other aspects of
the disclosure will be apparent to persons skilled in the art
upon reading and understanding the following detailed
description and viewing the drawings that form a part
thereof, each of which are not to be taken in a limiting sense.
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The scope of the present disclosure is defined by the
appended claims and their legal equivalents.

BRIEF DESCRIPTION OF THE DRAWINGS

The drawings illustrate generally, by way of example,
various embodiments discussed in the present document.
The drawings are for illustrative purposes only and may not
be to scale.

FIG. 1 illustrates an embodiment of an implantable medi-
cal device and portions of an environment in which the
implantable medical device is used as an artificial bladder.

FIG. 2 illustrates an embodiment of the implantable
medical device of FIG. 1 showing locations of its compo-
nents relative to adjacent main anatomical structures of a
patient’s body after implantation.

FIG. 3 illustrates an embodiment of the implantable
medical device of FIG. 1 showing a pump and a cleaning
port of the device placed over abdominal muscles of the
patient’s body.

FIGS. 4-11 illustrate an embodiment of operations of the
implantable medical device of FIG. 1.

FIG. 4 shows entrance of urine into tubes connected to the
patient’s ureters.

FIG. 5 shows the urine reaches a collection container
placed in the patient’s abdominal cavity.

FIG. 6 shows a pump exerting a negative pressure to
cause the urine to flow into the pump through a connection
tube between the collection container and the pump.

FIG. 7 shows the pump being filled up with the urine.

FIG. 8 shows effect of external pressure applied on the
pump to allow the urine to exit the pump and flow through
a tube that connects the pump to the urethra of the patient for
final expulsion of the urine.

FIG. 9 shows a cleaning port filled with a liquid cleaning
agent.

FIG. 10 shows the liquid cleaning agent entering through
a tube connecting the cleaning port to the collection con-
tainer.

FIG. 11 shows the entire implantable medical device
being washed using the liquid cleaning agent.

DETAILED DESCRIPTION

In the following detailed description, reference is made to
the accompanying drawings which form a part hereof, and
in which is shown by way of illustration specific embodi-
ments in which the invention may be practiced. These
embodiments are described in sufficient detail to enable
those skilled in the art to practice the invention, and it is to
be understood that the embodiments may be combined, or
that other embodiments may be utilized and that structural,
logical and electrical changes may be made without depart-
ing from the spirit and scope of the present invention.
References to “an”, “one”, or “various” embodiments in this
disclosure are not necessarily to the same embodiment, and
such references contemplate more than one embodiment.
The following detailed description provides examples, and
the scope of the present invention is defined by the appended
claims and their legal equivalents.

This document discusses, among other things, an implant-
able medical device that can be used as an artificial bladder
for placement in the body of a patient to collect and
discharge biological urinary fluids. In light of what is
discussed in the BACKGROUND section, use of artificial
bladder replacement prostheses made with suitable synthetic
materials has undoubted advantages. However, despite
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research efforts in this field, there is still a need for such a
device with satisfactory performance in the medium and
long terms.

This is mainly due to the fact that despite having highly
bio-compatible materials including medical grade silicone,
challenges remain in developing an artificial bladder that
avoids reflux, contains urine, and then expels the urine
through the urethra at times controlled by the patient.
Another challenge is the potential formation of a fungal-
based microfilm on the interior walls of the artificial bladder
that promotes infection and stone formation.

The urine, which is in continuous contact with the mate-
rial inside the artificial bladder during its use, is a liquid that
tends to be acidic, which exposes all kinds of material, to a
greater or lesser extent, to the risk of fouling. Use of
bioengineered tissues to reconstruction of the bladder have
been investigated. Studies used regenerated tissues consist-
ing of autologous patient cells that were cultured in vitro and
then seeded in media, such as those made with collagen and
polyglycolic acid, to construct organs for implantation.
Despite the encouraging results from early experimental use
of such regenerated tissues, their extensive clinical use still
requires substantial efforts to gain knowledge and make
advances in areas such as optimization of the regenerative
materials to be used, cellular phenotypes to be selected,
fixation and integration of implants in the human body, and
SO on.

On the other hand, many elastomeric materials have been
proposed which exhibit mechanical properties, both static
and dynamic, that are suitable for use as a substitute for
natural bladder tissue. The present subject matter uses
biocompatible materials that are known for reducing rate of
potential infection and potential formation of stones and are
known for suitability for long-term use with corrosion-
resistance to urinary fluids. However, identifying a suitable
material is just one of the fundamental goals for developing
the implantable medical device for use as the artificial
bladder.

In view of the efforts made over the past two decades in
the fields of tissue engineering, materials science, and regen-
erative medicine, it is recognized by the inventor that a new
approach to the structural and functional design of the
implantable medical device for use as the artificial bladder
is critical to restoration of the functions of the genitourinary
system for improving the quality of life of the patients after
removal of their natural bladders. Goals for this new
approach include meeting requirements or desires of this
technical field including, but not limited to: ease of implan-
tation in the patient’s body, operation based on controllable
urine emptying, adequate stability and biocompatibility that
allows for long-term use after implantation, protection of
normal kidney function, and cost effectiveness.

Pathologies related to the bladder showing its loss of
control or inability to contract, such as in the case of the
hypotonic bladder or the neurogenic bladder provoke con-
siderations of replacing such lost or impaired functions
using mechanical means in the implantable medical device.
The inventor also discovered that a function of the natural
bladder has been neglected though it seemed obvious, which
is the ability of the bladder to notify the brain of the need to
urinate based on the volume of the urine accumulated in the
bladder. The human brain receives this notification not only
through the internal nerves between organs, but also through
indoctrinated images. While this function is missing from
various existing artificial bladders, the present subject matter
incorporates it into the implantable medical device for use as
the artificial bladder.
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The present subject matter provides an implantable medi-
cal device that can be used for replacing a natural organ that
has been removed, for example due to cancer, severe trauma,
or substantial failure of its function. When being used as an
artificial bladder, the present implantable medical device can
be made of a biocompatible material that is highly corro-
sion-resistant to urinary fluids and can have a shape and
volume similar to those of the natural bladder.

In various embodiments, the present implantable medical
device when used to replace the natural bladder of a patient
can have a performance comparable to that of the natural
bladder in terms of urine collection, reflux prevention, and
expulsion of the collected urine through the patient’s ure-
thra. The present implantable medical device can be con-
structed for long-term corrosion resistance and stability in its
intended environment inside the patient’s body. Unlike other
devices designed for the same or similar functions, the
present implantable medical device mobilizes the urine out
of the abdomen by means of a suction and expulsion pump
operable by light pressure from the patient when desired.
The pump is placed subcutaneously to allow the patient to
apply pressure to draw the urine collected in a collection
container placed in the abdominal cavity and move the urine
from the pump back into the abdominal cavity to reach the
urethra, which is a final conduit of the natural urination.
Thus, the patient is allowed to control when they should and
want to urinate and to urinate through the natural urethra,
thereby maintaining a good quality of life. In various
embodiments, the present implantable medical device is
made radiation compatible because, for example, some of
the patients may be subjected to radiation therapies. In
various embodiments, the present implantable medical
device can provide an option of being washed internally and
frequently to minimize the risks of microfilm and/or stone
formation.

FIG. 1 illustrates an embodiment of an implantable medi-
cal device 100 and portions of an environment in which
device 100 is used as an artificial bladder. Implantable
medical device 100 can be used to restore functions of the
natural bladder of a patient after the natural bladder is
removed. To restore the functions of the natural bladder,
implantable medical device 100 includes a collection con-
tainer 101 for collecting urine, flaps 112 (optional, for
affixing collection container 101 to tissue), two tubes 102 for
connecting the ureters to collection container 101 (each
including a portion 102A to be inserted into one of the
ureters), two rings 113 (optionally) to secure the connections
each between one of tubes 102 and one of the ureters, a
pump 103, a tube 104 coupled with a unidirectional valve
(also referred to as check valve) 109 for connecting collec-
tion container 101 to pump 103, a tube 105 coupled with a
unidirectional valve (also referred to as check valve) 110 for
connecting pump 103 to the urethra (including a portion
105A 1o be inserted into the urethra), and a ring 106
(optionally) to secure the connection between tube 105 and
the urethra. To allow for internal cleaning, implantable
medical device 100 can optionally further include a cleaning
port 107 and a tube 108 coupled with a unidirectional valve
(also referred to as check valve) 111 for connecting port 107
to collection container 101. Implantable medical device 100
can be made entirely of medical grade silicone. This material
is compatible with radiotherapy and shows excellent stabil-
ity in its relationship with human tissues in the long term.

FIG. 2 illustrates an embodiment of implantable medical
device 100 showing locations of its components relative to
main adjacent anatomical structures of the of the patient’s
body after implantation of implantable medical device 100
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into the patient. The anatomical structures shown in FIG. 2
include representations of muscles of the pelvic floor, the
pubis (bone), and muscles of the anterior abdominal wall.
FIG. 3 illustrates an embodiment of implantable medical
device 100 showing its components that are subcutaneously
placed between the abdominal wall and the skin, external to
the abdominal cavity, after the implantation of implantable
medical device 100 into the patient. FIG. 3 shows pump 103
and port 107, with portions of tubes 104, 105, and 108
placed on a portion of the rectus sheath (illustrated with a
cutaway portion to show the underneath rectus abdominis)
and over portions of the rectus abdominis (and possibly
portions of the external oblique). A unique and fundamental
characteristic of implantable medical device 100 is that parts
of the device are implanted inside the abdominal cavity
while other parts of the device are implanted outside the
abdominal cavity in the subcutaneous space over the
abdominal wall muscles, which allows for patient control of
the urination process.

Collection container 101 is a bag having a flexible, elastic
hollow body for use as a passive urine container that can
have a volume capacity between 100 ml and 350 ml, with
approximately 250 ml being a specific example. The volume
capacity can be custom selected for the patient. Collection
container 101 can have shape and size similar to those of the
natural bladder (e.g., a spherical shape or a shape more
closely resembling that of the natural bladder) and can be
placed within the abdominal cavity, in the space previously
occupied by the natural bladder (which has been removed).
Thus, collection container 101 can be placed inside the
patient’s abdominal cavity to resemble the natural anatomi-
cal position and structure of the bladder. Affixation features
can be incorporated onto collection container 101 to stabi-
lize its position in the abdominal cavity after the implanta-
tion of device 100. In one embodiment, as illustrated in FIG.
1, collection container 101 includes flaps 112 that can be
sutured to deep tissues (e.g., muscles of the pelvic floor) to
minimize displacement of collection container 101 in the
abdominal cavity.

Tubes 102 are flexible conduits each have one end
coupled to collection container 101 and the other end to be
connected to one of the patient’s ureters, to provide for fluid
communication from the ureters to collection container 101.
Collection container 101 receives the urine from the
patient’s kidneys through the ureters and tubes 102. In this
manner, collection container 101 functions as a passive urine
container. Rings 113 can each include one or more rings
optionally coupled to the respective tube 102 for providing
a secure connection between that tube and the respective
ureter. For example, when needed, rings 113 can each be
sutured to the respective ureter after portion 102A of the
respective tube 102 has been inserted into that ureter.

Pump 103 includes an elastic hollow container that can be
pressed to function as a pump. This container of pump 103
can have a volume capacity between 50 ml and 350 ml, with
approximately 250 ml being a specific example. This vol-
ume capacity can be custom selected for the patient when
needed. For example, while 250 ml is considered to be
sufficient given average normal production of a urination, a
larger volume (e.g., 300 ml) can be used if the patient
anticipates higher-than-average urine production rate and/or
longer urination periods for any reason. The container can
have can have a wall that is sufficiently thick to maintain a
shape (e.g., a hemispherical shape) after device 100 is
implanted. The thickness of the wall can be between 3 mm
to 6 mm, with 4 mm being a specific example. Pump 103 is
to be subcutaneously placed outside of the abdominal cavity
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and can be affixed (e.g., sutured) to the fascia of the
abdominal muscles. In various embodiments, the wall of a
base portion of pump 103 (the flat portion to be attached to
the fascia of the abdominal muscles) is substantially thicker
than the wall of a hemispherical top portion of pump 103.
For example, the wall of the flat base portion of pump 103
can be up to twice as thick as the wall of the hemispherical
top portion of pump 103. When the wall of the hemispherical
top portion is 4 mm thick, the wall of the flat base portion
can be up to 8 mm thick. The thicker flat base portion of
pump 103 facilitates exertion of a negative pressure for the
pumping function as further discussed below (with reference
to FIG. 6).

Tube 104 is a flexible conduit connecting pump 103 to
collection container 101 to provide for fluid communication
from collection container 101 pump 103. Unidirectional
valve 109 is coupled to tube 104 to allow the urine to flow
through tube 104 in the direction from collection container
101 to pump 103 only.

Tube 105 is a flexible conduit having one end connected
to pump 103 and the other end to be connected to the
patient’s urethra to provide for fluid communication from
pump 103 to the urethra. Unidirectional valve 110 is coupled
to tube 105 to allow the urine to flow through tube 105 in the
direction from pump 103 to the urethra only. Ring 106 can
include one or more rings optionally coupled to tube 105 for
providing a secure connection between tube 105 and the
urethra. For example, when needed, ring 106 can be sutured
to the urethra neck after portion 105A of tube 105 has been
inserted into the urethra.

Device 100 can be implanted into the patient with pump
103 producing a spontaneous vacuum sucking the urine
from collection container 101 through tube 104 and valve
109. This negative pressure exists until the container of
pump 103 reaches its volume capacity and opens unidirec-
tional valve 109 such that the urine can only flow from
collection container 101 (functioning as a passive container)
to pump 103 (functioning as an active container). The
patient can perceive that the urine contained in pump 103
approaches its volume capacity, which is the mechanism of
device 100 for notifying the patient to empty the urine. For
example, the patient can see and/or fell pump 103 as a bump
that looks like a small breast implant when it is full and a
small crater when it is empty. Once in the bathroom, the
patient can gently press the skin over pump 103 with a hand.
This pressure causes valve 109 to close and valve 110 to
open, thereby causing the urine in pump 103 to be expelled
from the patient through tube 105 and the urethra.

Once the patient finishes urinating, pump 103 can return
spontaneously to its starting empty state by producing a
slight and continuous vacuum inside it, which closes valve
110 and opens valve 109 when urine again accumulates in
collection container 101. All the urine that reaches the
intra-abdominally positioned collection container 101 will
be constantly sucked into the extra-abdominally positioned
pump 103, such that the patient can participate in the
urination process in a manner similar to that with the natural
bladder. Valves 109 and 110 can each be positioned in an
un-collapsible area (e.g., within pump 103) to avoid inter-
ference during the suction and expulsion processes of pump
103.

In various embodiments, device 100 optionally includes
an internal cleaning mechanism that include cleaning port
107, tube 108, and unidirectional valve 111. Cleaning port
107 includes an elastic container that allows for injecting a
liquid cleaning agent into the urination circuit of device 100
through tube 108 and valve 111. Tube 108 is a flexible



US 12,383,392 B2

9

conduit connecting cleaning port 107 to collection container
101, to provide for fluid communication from cleaning port
107 to collection container 101. Unidirectional valve 111 is
coupled to tube 108 to allow the liquid cleaning agent to
flow through tube 108 in the direction from cleaning port
107 to collection container 101 only. Valve 111 can be
positioned in an un-collapsible area (e.g., within collection
container 101).

Cleaning port 107 is to be placed subcutaneously over the
abdominal wall such that it is visible and palpable through
the abdominal skin after device 100 is implanted. A cleaning
procedure can be performed percutaneously by using a thin
surgical stainless steel lead (e.g., a hollow needle) to inject
the liquid cleaning agent into cleaning port 107. The wall of
cleaning port 107 can be self-sealing after being pierced for
the injection of the liquid cleaning agent. The liquid cleaning
agent can include a substance that changes the pH value of
the content inside device 100 to clean and disinfect the
interior surfaces of device 100 against potential infection or
contamination caused by the residual urinary liquid. An
example of the liquid cleaning agent includes a non-irritant
mixture of saline solution with sodium hypochlorite and
large spectrum antibiotics. Each cleaning process can start
with injecting about 100 ml of his solution into cleaning port
107. Once the liquid cleaning agent is injected (and mixed
with the urine in collection container 101), the patient can
perform the same procedure as in the urination process to
complete the cleaning process with the liquid cleaning agent
expelled through the urethra. The liquid cleaning agent
cleans the interior wall surfaces of all the components of
device 100 during the cleaning process.

In various embodiments, unidirectional valves 109, 110,
and 111 are each used to prevent the urine from flowing in
the wrong direction and/or into a wrong portion of device
100 or the patient (e.g., the kidneys). In various embodi-
ments, while valves 109, 110, and 111 are each coupled to
one end of its respective tube, they can each be coupled with
to the respective tube in any location for providing the tube
with the intended unidirectionality.

Device 100 can be seen as an artificial passive bladder
connected to a manually operated active compression pump
to collect the patient’s urine and allows the collected urine
to be controllably expelled through the urethra. A mecha-
nism for cleaning can be included in device 100 when
desired, for an easy and convenient way of allowing for
periodic maintenance ensuring proper functioning of device
100 during its intended long-term use. In one embodiment,
device 100 is constructed and provided for surgical implan-
tation as a single unit. In other embodiments, device 100 is
constructed as multiple components that can be assembled
prior to and/or during surgical implantation.

In various embodiments, device 100 is made of 100%
biocompatible material. Biocompatibility of a material used
to construct a device intended to be implanted in a biological
system includes acceptable types and degrees of interactions
between the material and the host biological system. This
includes an appropriate response of the host biological
system to the material for a given application of the device,
including not interfering or detrimentally interacting with
the physiological activities of the host biological system.
Interactions between the external surface of device 100 and
the surrounding tissue result in minimal inflammatory
response.

In various embodiments, the biocompatible material used
for constructing device 100 is also reliable for long-term
implantation. Such a material is biostable. Once device 100
is implanted, the material does not undergo substantial
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chemical and/or chemical transformation over time. While
“long-term” can include any length of time over 30 days, in
various embodiments device 100 is intended for use in the
patient for at least 10 years. In various embodiments, a
preventive maintenance that can include replacement of
device 100 can be performed periodically following the
implantation, such as every 10 years, and/or as needed (e.g.,
indication of device dysfunction or side effect observed).

In various embodiments, the biocompatible material used
for constructing device 100 has mechanical properties com-
parable to these of the natural organ it is intended to replace.
For use as the artificial bladder, the material has mechanical
properties suitable for supporting the functionality of device
100 including accumulation and discharge of urinary body
fluids.

In various embodiments, device 100 is made of materials
having the biocompatibility, reliability, and mechanical
properties as discussed above. One example of such material
is medical grade silicone. In one embodiment, device 100 is
entirely made of medical grade silicone.

FIGS. 4-11 illustrate an embodiment of operations of
device 100 (including the optional cleaning mechanism),
showing a urination cycle (FIGS. 4-8) and a cleaning cycle
(FIGS. 9-11). The shaded areas in FIGS. 4-8 indicate where
the urine (420) reaches. The shaded areas in FIGS. 9-11
indicate where the liquid cleaning agent (922) reaches.

FIG. 4 shows entrance of urine 420 into tubes 102
connected to the patient’s ureters. FIG. 5 shows urine 420
reaches collection container 101, which is placed in the
intraperitoneal space of the patient’s abdominal cavity. FIG.
6 shows pump 103 exerting a negative pressure to cause
urine 420 to flow into pump 103, which is placed in the
subcutaneous space outside of the abdominal cavity, through
tube 104 and unidirectional valve 109. Valve 109 prevents
urine 420 from returning to collection container 101 after it
reaches pump 103. FIG. 7 shows pump 103 being filled with
urine 420. When pump 103 is substantially filled or fully
filled, the patient can see and/or feel the need for urination.
FIG. 8 shows the effect of external pressure applied on pump
103 to allow urine 420 to exit pump 103 and flow through
tube 105 and unidirectional valve 110 for final expulsion of
urine 420 through the patient’s urethra. Valve 110 is opened
under the pressure, such that urine flows from pump 103 to
tube 105 only when pump 103 is under the external pressure,
and prevents urine 420 from returning to pump 103 after it
enters tube 105.

FIG. 9 shows cleaning port 107 being filled with liquid
cleaning agent 922. The liquid cleaning agent can be
injected into cleaning port 107 using a sharp hollow needle
or lead that can pierce the wall of cleaning port 107, and the
wall can be made self-sealing after being pierced. FIG. 10
shows liquid cleaning agent 922 enters collection container
101 through tube 108 and unidirectional valve 111. Valve
111 prevents liquid cleaning agent 922 from returning to
tube 108 after it reaches collection container 101. FIG. 11
shows the entire interior space of the urination circuit (show
by the shaded areas) of device 100 being washed using
liquid wash agent 922. Once liquid cleaning agent 922 enters
collection container 101, the process of washing and expul-
sion of liquid cleaning agent 922 resembles that of the
urination cycle as illustrated in FIGS. 4-8.

The present subject matter is unique in terms of active
support from the patient to expel the urine through the
patient’s natural, intact urethra. Once pump 103 is full or
nearly full, the patient can see and/or feel it through the skin
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in the abdominal region. A gentle pressure with the fingers
with the support from the abdominal muscle wall causes the
expulsion of the urine.

The present subject matter provides a completely artificial
and long-term stable bladder that does not require removal
of part of the patient’s intestine or other tissues of the
patient, thus eliminating the associated risks, complications,
and loss of performance over time. When compared to the
use of an external bag attached to the abdomen, the present
subject matter offers significant advantages in the patient’s
quality of life by, for example, solving problems associated
with the external bag when participating in social activities.

It is to be understood that the above detailed description
is intended to be illustrative, and not restrictive. Other
embodiments will be apparent to those of skill in the art
upon reading and understanding the above description. The
scope of the invention should, therefore, be determined with
reference to the appended claims, along with the full scope
of equivalents to which such claims are entitled.

What is claimed is:

1. An implantable medical device for collecting and
discharging urine from a body of a patient having kidneys,
ureters, a urethra, an abdominal cavity, and abdominal
muscles having a fascia, the implantable medical device
comprising:

first and second tubes configured to be connected to the
ureters to receive the urine from the kidneys through
the ureters;

a collection container coupled to the first and second tubes
and configured to be placed inside the abdominal cavity
and to receive the urine from the first and second tubes;

a pump configured to be placed outside of the abdominal
cavity;

a third tube connected between the collection container
and the pump to provide for fluid communication from
the collection container to the pump;

a first unidirectional valve coupled to the third tube and
configured to allow the urine to flow from the collec-
tion container to the pump;

a fourth tube connected to the pump and configured to be
connected to the urethra; and

a second unidirectional valve coupled to the fourth tube
and configured to allow the urine to flow from the pump
to the urethra.

2. The implantable medical device of claim 1, wherein the
collection container comprises flaps configured to be sutured
to tissue of the body for fixation of the collection container.

3. The implantable medical device of claim 1, wherein the
pump is configured to exert a negative pressure that opens
the first unidirectional valve to allow the urine to flow from
the collection container to the pump and closes the second
unidirectional valve to prevent the urine from flowing from
the pump to the urethra when the pump is not pressed.

4. The implantable medical device of claim 3, wherein the
pump is configured to allow the patient to perceive a volume
of the urine in the pump approaching a volume capacity of
the pump and to exert a force that closes the first unidirec-
tional valve to prevent the urine from flowing from the
collection container to the pump and opens the second
unidirectional valve to allow the urine to flow from the pump
to the urethra when the pump is pressed.

5. The implantable medical device of claim 4, wherein the
pump includes a hemispherical top portion and a flat base
portion each having a wall, the base portion configured to be
affixed to the fascia of the abdominal muscles, the wall of the
flat base portion substantially thicker than the wall of the
hemispherical top portion.
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6. The implantable medical device of claim 1, further
comprising:

one or more first rings each coupled to the first tube and
configured to be sutured to a first ureter of the ureters
after a portion of the first tube is inserted into the first
ureter;

one or more second rings each coupled to the second tube
and configured to be sutured to a second ureter of the
ureters after a portion of the second tube is inserted into
the second ureter; and

one or more third rings coupled to the fourth tube and
configured to be sutured to the urethra after a portion of
the fourth tube is inserted into the urethra.

7. The implantable medical device of claim 1, further

comprising:

a cleaning port configured to be placed outside of the
abdominal cavity and to receive a liquid cleaning agent;

a fifth tube connected between the cleaning port and the
collection container to allow fluid communication from
the cleaning port to the collection container; and

a third unidirectional valve coupled to the fifth tube and
configured to allow the liquid cleaning agent to flow
from the cleaning port to the collection container.

8. The implantable medical device of claim 7, wherein the
cleaning port is configured to be pierced by a hollow needle,
to receive the liquid cleaning agent by injection through the
hollow needle, and to self-seal upon removal of the hollow
needle.

9. The implantable medical device of claim 1, wherein the
implantable medical device is made of biocompatible elastic
material.

10. The implantable medical device of claim 9, wherein
the implantable medical device is entirely made of medical
grade silicone.

11. An implantable medical device for collecting and
discharging a fluid and for being cleaned using a liquid
cleaning agent, the implantable medical device comprising:

first and second tubes configured to receive the fluid;

a collection container coupled to the first and second tubes
and configured to receive the fluid from the first and
second tubes;

a pump;

a third tube connected between the collection container
and the pump to provide for fluid communication from
the collection container to the pump;

a first unidirectional valve coupled to the third tube and
configured to allow the fluid to flow from the collection
container to the pump;

a fourth tube connected to the pump;

a second unidirectional valve coupled to the fourth tube
and configured to allow the fluid to flow from the pump
to the fourth tube;

a cleaning port configured to receive the liquid cleaning
agent,

a fifth tube connected between the cleaning port and the
collection container to allow fluid communication from
the cleaning port to the collection container; and

a third unidirectional valve coupled to the fifth tube and
configured to allow the liquid cleaning agent to flow
from the cleaning port to the collection container.

12. The implantable medical device of claim 11, wherein
the implantable medical device is entirely made of medical
grade silicone.

13. A method for replacing functions of a urinary bladder
using an implantable medical device placed in a body of a
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patient having kidneys, ureters, a urethra, an abdominal
cavity, and abdominal muscles having a fascia, the method
comprising:
collecting urine from kidneys of the body using a collec-
tion container placed within the abdominal cavity
through first and second tubes connected between the
ureters and the collection container;
allowing the urine to flow from the collection container to
a pump subcutaneously placed outside of the abdomi-
nal cavity through a third tube connected between the
collection container and the pump when the pump is
not pressed by the patient; and
allowing the urine to flow from the pump to the urethra
through a fourth tube connected between the pump and
the urethra when the pump is pressed by the patient.
14. The method of claim 13, further comprising construct-
ing the collection container, the pump, and the first, second,
third, and fourth tubes using a biocompatible elastic mate-
rial.
15. The method of claim 14, further comprising construct-
ing the implantable medical device entirely using medical
grade silicone.
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16. The method of claim 13, further comprising config-
uring the pump to allow the patient to perceive fullness of
the pump as an indication of need for urination.

17. The method of claim 16, further comprising provide
the patient with a volume capacity of each of the collection
container and the pump determined for the patient.

18. The method of claim 13, further comprising introduc-
ing a liquid cleaning agent into the collection container for
cleaning interior space of the implantable medical device.

19. The method of claim 18, wherein introducing the
liquid cleaning agent into the collection container comprises
injecting the liquid cleaning agent into a cleaning port
subcutaneously placed outside of the abdominal cavity and
connected to the collection container through a fifth tube.

20. The method of claim 19, wherein introducing the
liquid cleaning agent comprises introducing one or more
substances that disinfects and prevents bladder stone forma-
tion.
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