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An apparatus for distributing a liguid In a patient's body comprises an implantable pump adapted to pump the liquid and an
Implantable valve device adapted to direct the liguid pumped by the pump. A first ceramic valve member of the valve device
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(57) Abrege(suite)/Abstract(continued):

Includes a first plane surface and a second ceramic valve member of the valve device includes a second plane surface facing and
touching the first plane surface. The second valve member Is displaceable relative to the first valve member between different
positions, whereln the valve members Include different liquid channels. The valve device Is operable to displace the second valve
member to hydraulically connect the pump to at least one of the liquid channels in at least one of the positions.
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(57) Abstract: An apparatus for distributing a liquid in a patient’s body comprises an implantable pump adapted to pump the lig-
uid and an implantable valve device adapted to direct the liquid pumped by the pump. A first ceramic valve member of the valve
device includes a first plane surface and a second ceramic valve member of the valve device includes a second plane surface facing
and touching the first plane surface. The second valve member is displaceable relative to the first valve member between different
positions, wherein the valve members include different liquid channels. The valve device is operable to displace the second valve
member to hydraulically connect the pump to at least one of the liquid channels in at least one of the positions.
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APPARATUS FOR DISTRIBUTING LIQUID IN A PATIENT'S BODY

Background of the invention

The present fnvention relates to an apparatus for distributing a liquid in a
patient's body, wherein the apparatus includes an implantable valve pump assembly for
pumping the liquid. The invention also relates to a valve device of the apparatus
particularly suited for implantation in the patient’s body to direct the liquid. The term
“patient” includes a human being or animal.

There are many important requirements for a valve pump assembly that is suited
for implantation in the human body. The valve pump assembly should be small, often
be capable of generating two to three bars of pressure, have a sufficient flow capacity,
sometimes in the order of two to three ml per minute and, above all, consume little
energy so that, for example, an implanted battery powering the assembly will last for a
long time. Many of the above requirements are contradictory. Existing small pumps
generally have a too low pressure capability, a too low flow capacity and a too high
energy consumption to be suited for implantation in a human body.

Another important requirement for an implantable pump, which to some extent is
related to the consumption of current, is that the amount of heat that the pump
generates during operation should be low. Legally, an implant is not allowed to
increase the temperature inside a human body by more than 3°C, i.e., from 37° to 40°C.
Thus, it is very important that the energy loss of the pump that generates heat be very
low.

Another important requirement for an implantable valve pump assembly is that
no leakage or diffusion of liquid should occur when the implanted assembly has not
been operated for a long period of time. A traditional valve of prior valve pump
assemblies, typically a non-return valve, works nicely when pressure is prevailing in the
hydraulic channels of the valve. In an implanted valve, however, the pressure can at
times be zero, which would make it very difficult to keep the valve properly working over
a long period of time. Even more important is long term diffusion which occurs across
nearly all kinds of polymer or plastic material over long period of time.

A further important requirement for an implantable valve pump assembly is that

the pump should be capable of pumping in different directions without risking
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deterioration of the function of the valve over time. For example, the valve might
become clogged or might stop working after not operating for a long period of time

In a temperature of 37°C.
SUMMARY OF THE INVENTION

An object of some embodiments of the present invention is to
provide a new small reliable valve device suited for implantation in an animal or
human body. Another object of some embodiments of the invention is to provide
an apparatus for distributing a liquid in a patient’'s body, wherein the apparatus
includes a small inexpensive reliable valve pump assembly suited for implantation
In the patient. Yet another object of some embodiments of the invention is to
provide an apparatus for distributing a liquid with an implantable valve pump
assembly that operates with low energy loss and low friction, so that insignificant
heat from the assembly Is dissipated inside the patient's body. Yet another object
of some embodiments of the invention is to provide an apparatus for distributing a
liquid with an implantable valve pump assembly that is capable of working for a
very long period of time when implanted. Yet another object of some
embodiments of the invention Is to provide an apparatus for distributing a liquid
with an implantable miniature size valve pump assembly, which is capable of
pumping significant volume with significant pressure. Yet another object of some
embodiments of the invention is to provide an apparatus for distributing a liquid
with an implantable valve pump assembly that can pump in two different directions
and still requires very little current for its operation. Yet another object of some
embodiments of the present invention is to provide a valve pump assembly that
will work without degrading for a long period of time and without experiencing any

problems with diffusion for a long period of time.

Accordingly, in accordance with a first aspect of the present
iInvention, there is provided an implantable valve device, comprising: a first valve
member Including a first plane surface, and a second valve member including a
second plane surface facing and touching said first plane surface, said second
plane surface being displaceable relative to said first valve member between
different positions while said second plane surface touches said first plane

surface, said valve members including different liquid channels, wherein said
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second valve member is adapted to connect at least two of said different channels
to each other in at least one of said different positions, wherein said valve
members are made of a ceramic material, wherein said first and second plane
surfaces of said valve members have a smoothness such that they form a liquid

seal as they touch each other.

The first and second plane surfaces of the valve members are, in
some embodiments, made with smoothness such that they form a liquid seal as
they touch each other. As a result, there is no need for any separate sealing
means to seal between the different channels.

The valve members are suitably made of a material inert enough to
maintain a low friction between the first and second plane surfaces over time,
whereby the risk of
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the smooth plane surfaces members being stuck to each other is eliminated. For

example, the valve members may be made of a ceramic material.

Generally, the second plane surface of the second valve member is adapted {o
slide on the first plane surface of the first valve member, which gives the advantage that
the force required to accomplish the displacement of the second valve member can be
very weak.

The first valve member may have two separate liquid channels, first and second
channels. in this case, the second valve member is adapted to connect the first and
second channels to each other, when the second valve member Is In a first position,
and to seal the first channel, when the second valve member is In a second position.
The separate liquid channels suitably open on the first plane surface of the first valve
member, and the second plane surface has an open channel forming a liquid flow
connection between the first and second channels, when the second valve member is in
the first position.

Alternatively, the first valve member may have at least three separate liguid:-
channels, first, second and third channels. In this alternative the second valve member
is adapted to connect the first and second channels {o each other, when the second
valve member is in a first position, and to connect the first and third channels to each
other, when the second valve member is in a second position. The separate liquid
channels suitably open on the first plane surface of the first valve member, and the
second plane surface has an open channel forming a liquid flow connection between
the first and second channels, when the second valve member is in the first position,
and forming a liquid flow connection between the first and third channels when the
second valve member is in the second position.

Of course, the first valve member may be provided with more than three separate
liquid channeis, and the second valve member may be provided with more than one
open channel for forming liquid flow connections between the separate liquid channels,
when.the second valve member is In different positions relative to the first valve
member.

The valve device may further comprise an operation device adapted to displace
the second valve member relative to the first valve member and a motor, such as an

electric motor, for driving the operation device.
In accordance with a first embodiment of the valve device of the invention, the -

second plane surface of the second valve member is adapted to slide back and forth,
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such as with the aid of the operation device operably connected to the second
valve member. In this embodiment, the operation device may include an eccentric
crankshaft and a slide connected to the crankshaft and attached to the second
valve member, wherein the slide and second valve member are moved back and
forth by the crankshaft, when the crankshaft rotates.

In accordance with a second embodiment of the valve device of the
Invention, the second plane surface of the second valve member is adapted to
rotate and slide on the first plane surface of the first valve member preferably with
the aid of the operation device operably connected to the second valve member.
In this second embodiment, the second valve member includes a disc and the
operation device includes a drive shaft in rotational engagement with the disc.
The valve device suitably includes a motor for rotating the drive shaft and a control

device, such as a remote control, for controlling the motor.

The valve device of the invention has few movable parts and can be
made in a very small size, i.e. in the order of a few millimetres in length, and
therefore it is particularly suited for implantation in a human body. Where the
valve device Is implanted the above-described operation device and motor are
also implanted and suitably controlled by a control device, such as in the form of a
remote control outside the human body. The implanted motor may be designed to
be powered by wireless energy emitted outside the human body.

In accordance with a second aspect of the present invention, there is
provided an apparatus for distributing a liquid in a patient’s body, comprising: a
pump adapted to be implanted in the patient to pump the liquid, an implantable
valve device adapted to direct the liquid pumped by said pump, a first vaive
member of said valve device including a first plane surface, and a second valve
member of said valve device including a second plane surface facing and touching
said first plane surface and being displaceable relative to said first valve member
between different positions while said second plane surface touches said first
plane surface, said valve members including different liquid channels, and wherein
said valve device Is operable to displace said second valve member to
hydraulically connect said pump to at least one of said liquid channels in at least
one of said different positions, wherein said valve members are made of a ceramic
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material, wherein said first and second plane surfaces of said valve members
having a smoothness such that they form a liquid seal as they touch each other.

The vaive device of the apparatus may be designed in accordance
with the valve device of the invention described above in connection with the first

5 aspect of the invention.
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Where the first valve member of the valve device has two liquid channels, first
and second channels, the first channel may be connected to the pump and the second
valve member may be adapted to connect the first and second channels to each other,
when the second valve member is in the first position, and to seal the first channel and
thus not connecting to the pump, when the second valve member is in the second
posttion.

Where the first valve member has three separate liguid channels, first, second
and third channels, the first channel may be connected to the pump and the second
valve member may be adapted to connect the first and second channels to each other,
when the second valve member is in the first position, and to connect the first and third
channels to each other, when the second valve member Is In the second position.

The apparatus of the invention may further comprise an operation device
adapted to displace the second valve member relative to the first valye member and a
motor, such as an electric motor, for driving the operation device. In some embodiments,
the operation device may also operate the pump, which may be a membrane, piston,
screw, gear or peristaltic pump, or any other suitable type of pump.

In accordance with a first embodiment of the apparatus of the invention, the
second plane surfa¢e of the second valve member is adapted 1o slide back and forth,
such-as with the aid of the operation device operably connected to the second valve
member. In this embodiment, the operation device may Include an eccentric crankshaft
and a slide connected to the crankshaft and attached to the second valve member,
wherein the slide and second valve member are moved back and forth by the
crankshaft, when the crankshait rotates.

In the first embodiment of the apparatus, the pump is a membrane pump having
a membrane, such as with a metal coating or made only of metal, such as titanium or
stainless steel, that is movable by the operation device. The operation device is adapted
to move the membrane at a relatively high rate while moving the second valve member
at a relatively low rate and to move the second valve member at a relatively high rate
while moving the membrane at a relatively low rate. As a result, the power for operating
the pump and valve device can be kept relatively low, since the membrane and second
valve member are not moved simultaneously at a relatively high movement rate. To -
further reduce the necessary power for the operation of the pump and valve device, the
operation device may be adapted to move the membrane while keeping the second

valve member at rest and to move the second valve member while keeping the
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membrane at rest. in this first embodiment, the apparatus may comprise a holder, in
which the operation device, pump and valve device are mounted. The holder may
include an upper part, in which the operation device and valve device are mounted, and
an under part, in which the pump i1s mounted, the upper and under parts being
releasably attached to each other. As a result, the holder, operation device, pump and
valve device form a compact small assembly easy to implant.

in accordance with a second embodiment of the apparatus of the invention, the
second plane surface of the second valve member Is adapted to rotate and slide on the
first plane surface of the first valve member, such as with the aid of the operation
device operably connected to the second valve member. In this second embodiment of
the apparatus, the second valve member includes a disc and the operation device
includes a drive shaft in rotational engagement with the disc.

Also In the second embodiment of the apparatus, the pump may be any type of
pump, but specifically in this exampie it is a membrane pump having a membrane,
for example of metal, such as titanium, that is movable by the operation device. The
operation device in this example includes a cam mechanism attached to the membrane,
wherein the drive shaft is operably connected to the cam mechanism to cause the cam
mechanism-to move the membrane back and forth as the drive shaft rotates. In this
second embodiment the apparatus may comprise an at least substantially cylindrical
housing, in which the 6peration device, pump and valve device are mounted. As a
result, the cylindrical housing, operation device, pump and valve device form a compact
small assembly easy to implant.

In some embodiments, the valve device and pump are integrated to form an operable
valve pump assembly, which is easy to implant in the patient. The above implantable
operation device operates the valve pump assembly and the above implantable motor
drives the operation device. The motor 'may be desighed to be powered by wireless
energy emitted outside the patient's bodly.

Generally, the apparatus comprises an energy transmission device for wireless
transmission of energy from outside the patient’s body to inside the patient's body for
use in connection with the operation of the valve pump assembly. The energy
transmission device fransmits energy of a first form and the valve pump assembly is
operable in response to energy of a second form. The apparatus further comprises an
energy transforming device implantable in the patient for transforming the energy of the

first form wirelessly transmitted by the energy transmission device into the energy of the
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second form, which is different than the energy of the first form.

The energy transforming device may include at least one element having a
positive region and a negative region, wherein the element is capable of creating an
energy field between the positive and negative regions when exposed to the energy of
the first form transmitted by the energy transmisé.ion device, and the energy field
produces the energy of the second form. For example, the element may include an
electrical junction element capable of inducing an electric field between the positive and
negative regions when exposed to the energy of the first form transmitted by the energy
transmission device, whereby the energy of the second form comprises electric energy.

The energy transforming device may be adapted to transform the energy of the
first form directly or indirectly into the energy of the second form, wherein the motor is
powered by the energy of the second form. The valve pump assembly may be operable
to perform a reversible function and the motor may be capable of reversing the function.
For example, the control device may be adapted to shift polarity of the energy of the
second form to reverse the motor. In some embodiments, the ehergy transforming device is
adapted to directly power the motor by the transformed energy, as the energy of the
second form is being transformed from the energy of the first form.

The wireless energy of the first form may include sound waves and the energy of
the second form may include electric energy.

In accordance with an embodiment of the inventfion, the apparatus includes an
energy storage device implantable in the patient for storing the energy of the second
form and for supplying energy in connection with the operation of the-valve pump
assembly. For example, the energy storage device may include an accumulator, such
as at least one capacitor or at least one rechargeable battery, or a combination of at
least one capacitor and at least one rechargeable battery.

In accordance with another embodiment of the invention, the apparatus includes
a source of energy implantable in the patient for supplying energy for the operation of
the valve pumb assembly, and a switch operable by the energy of the second form
supplied by the energy transforming device to switch from an off mode, in which the
source of energy is not In use, to an on mode, in which the source of energy supplies
energy for the operation of the valve pump assembly.

The apparatus may include an implantable stabiliser for stabilising the energy of
the second form. Where the energy of the second form includes electric current, the

stabiliser includes at least one capacitor.
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The apparatus may include implantable electrical components, which may be at
least one voltage level guard. _

In some embodiments, the energy transmission device is adapted to transmit wireless energy

- for direct use in connection with the operation of the valve pump assembly, as the
wireless energy is being transmitted. The wireless energy may be in the form of a
magnetic field or electromagnetic waves for direct power of the valve pump assembly.
The energy transforming device may directly operate the valve pump assembly with the
energy of the second form in a hon-magnetic, non-thermal or non-mechanical manner.

The energy transforming device suitably includes at least one semiconductor
type of component. The semiconductor component may include at least one element
having a positive region and a negative region, wherein the element is capable of
creating an energy field between the positive and negative regions when exposed to the
energy of the first form trénsmitted by the energy transmission device, and the energy
field produces the energy of the second form. '

The valve pump assembly hwray-be-operable to perform a reversible function-and
a reversing device may be implantable in the patient to reverse the function performed
by the valve pump assembly. The control device suitably controls the reversing device
to reverse the function performed by the valve pump assembly. The reversing device
may include hydraulic means including a valve for shifting the flow direction of a liquid
flow in the hydraulic means. Alternatively, the reversing device may include a
mechanical reversing device, such as a switch.

In some embodiments, the energy transmission device transmits energy by at least one
wireless wave signal, such as an electromagnetic wave signal including one of an
infrared light signal, a visible light signal, an ultra violet light signal, a laser signal, a
micro wave signal, a radio wave signal, an x-ray radiation signal, and a gamma
radiation signal. Alternatively, the wave signal may include a sound or ultrasound wave

| signal. Any one of these signal types may include a digital or analog signal, or a
combination of a digital and analog signal.

The energy of the first form transmitted by the energy transmission device may
include an electric, an electromagnetic or a magnetic field, or a combination thereof,
which may be transmitted in pulses or digital pulses, or a combination of pulses and
digital pulses by the energy transmission device. The energy transforming device '
suitably transforms the energy of the first form into a direct current or pulsating direct

current, or a combinatton of a direct current and pulsating direct current. Alternatively,
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the energy transforming device may transform the energy of the first form into an
alternating current or a combination of a direct and aliernating current.

One of the energy of the first form and the energy of the second form may
include magnetic energy, kinetic energy, sound energy, chemical energy, radiant
energy, electromagnetic energy, photo energy, nuclear energy or thermal energy. Also,
one of the energy of the first form and the energy of the second form may be non-
magnetic, non-kinetic, non-chemical, non-sonic, non-nuclear or non-thermal.

Optionally, the energy transmission device may function differently from or
similar to the energy transforming device.

The energy transforming device is suitably designed to be implanted
subcutaneously or in the abdomen, thorax or cephaiic region of the patient.
Alternatively, the energy transforming device may be designed to be implanted in an

orifice of the patient’s body and under the mucosa or intraluminar outside the mucosa of
the orifice.

In some embodiments, the apparatus of the invention includes a control device, for

exampie a microprocessor, for controlling the vaive pump assembly. In some embodiments, the
control device includes a remote control, conveniently a wireless remote control, for

controlling the valve pump assembly from outside the patient's body. The wireless
remote control may include at least one external signal transmitter or transceiver and at
least one internal signai receiver or transceiver implantable in the patient. The wireless
remote control may be adapted to transmit at least one wireless contro! signal, which
may be a frequency, amplitude or frequency or amplitude modulated signal. The contro!
signal may be an analog or a digital signal, or a combination of an analog and digital
signal and the remote control may transmit an electromagnetic carrier wave signal for
carrying the digital or analog control signal.

The control signal may be a wave signal including one of a sound wave signal,
an ultrasound wave signal, an electromagnetic wave signal, an infrared light signal, a
visible light signal, an ultra violet light signal, a laser light signal, a micro wave signal, a
radio wave signal, an x-ray radiation signal and a gamma radiation signal. The remote
control may transmit a carrier signal for carrying the control signal. The carrier signal
may include digital, analog or a combination of digital and analog signals. Alternatively,
the control signal may include an electric or magnetic field, or a combined electric and

magnetic field.
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The apparatus may include at least one sensor adapted to be implanted in the
patient. The sensor may be adapted to sense at least one physical parameter of the
patient and/or at least one functional parameter of a medical implant. Suitably, the
control device may control the valve pump assembly in response to signals from the
sensor. The control device may include an implantable internal control unit that directly
controls the valve pump assembly or an external control unit outside the patient's body
that controls the valve pump assembly in rsponse to signals from the sensor.

The apparatus of the invention may include an external data communicator and
an implantable internal data communicator communicating with the external data
communicator, wherein the internal communicator feeds data related to the valve pump
assembly back to the external data communicator or the external data communicator
feeds data to the internal data communicator.

The apparatus of the present invention may be used for any application that
requires a small and low power pump system. It provides special advantages when the
valve pump assembly thereof is used as an implant because of its low energy
consumption and small size, albeit with high pressure and volume. |t may be used for
different kinds of implantable hydraulic constriction devices, such as adjustable bands
for treating reflux-disease, obesity, urinary incontinence, anal incontinence, and
impotence. It may also be used with hydraulic penal implants, as well as with infusion-
pumps for drug delivery, etc. The valve pump assembly of the apparatus may also be
used for applications where liquid needs to be transported from a part of a patient’s
body, for example, from the thorax or the abdomen, or for treating hydrocephalus, i.e.
for draining liquid from a patient’s head.

The valve pump assembly may be used as an infusion pump for distributing
nutrition or drugs. Infusion pumps for drug delivery must be very reliable and not deliver
more amount of the drug than planned. Normally, such a drug delivery pump is used
with underpressure prevailing in the drug reservoir {o prevent any unwanted delivery of
drugs. The valve pump device of the invention can be very reliable and have a very long
lifetime without degradation.

The valve pump assembly may be used for distributing liquid from one part to
another part of a human body for example:

1) Hydrocephalus: To much liquor in the brain is evacuated to the abdominal

cavity. A safe long term working construction is needed.
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2) Ascites: extravasal liquid in the abdomen is evacuated to the vein or lymphatic
system.

3) Liquid in the thorax may be also be evacuated to the vein or lymphatic system
but preferably the liquid is evacuated to the abdominal cavity.

The apparatus of the invention may also be used in connection with hydraulically
controlled implants to distribute liquid within the hydraulic implant or to distribute liquid
to and from an implanted liquid reservoir of the implant. Examples of such hydraulically
controlled implants are artificial spincters for occluding a body opening for treating anal
incontinence., colostomy, ileostomy, jejunostomy, urine incontinence, or hernia in the
cardia region. Another example is a hydraulic constriction device for forming a stoma
opening in any part of the body of an obese patient, for example In the stomach or
esophagus to treat obesity.

With regard to anal incontinence, colostomy, lleostomy or jejunostomi, the
apparatus of the invention may be used for controlling a hydraulic implant as well as, in
a large version of the valve pump assembly of the apparatus, for pumping fecal matter,
which may be discharged through a stomy opening and or through the patient’'s normal
anal canal.

The apparatus of the invention may also be used for treating the vascular
system, such as restricting or compressing any part of the vascular system to decrease
blood pressure, for example to distribute blood from heart to lung (pulmonary
hypertension), or for treating aneurysm.

The apparatus may be used for distributing liquid or blood to or from any blood
vessel, vein or lymphatic vessel. For example, to shunt blood between the artery and
vein system, or to get blood test samples.

The apparatus may also be used for supporting the heart by pumping the blood
in the blood vessels, or even for replacing the heart.

In a particular embodiment of the invention well suited for operating different
kinds of implants, the second plane surface of the second valve member is adapted to
slide on the first plane surface of the first valve member between a first position, In
which the pump is hydraulically connected to a first channel of the liquid channels, and
a second position, in which the pump is hydraulically connected to a second channel of
the liquid channels. The first and second channels are adapted to be hydraulically

connected to the implant in question, and the first and second plane surfaces have a
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smoothness such that they form a liquid seal as they touch each other. Accordingly, The
particular embodiment may be used as follows:

1) The valve pump assembly may be adapted to pump liquid in a hydraulically
operated urinary incontinence device adapted to be implanted in the patient’s body. The
valve pump assembly is able to hydraulically operate the urinary incontinence device to
close and constrict the patient’s urethra and/or urine bladder to prevent leakage of urine
out from the body via the urethra opening, when the second valve member is in the first
position, and to open the urinary incontinence device to allow the patient to urinate,
when the second valve member is in the second position.

2) The valve pump assembly may be adapted to pump liquid in a hydraulically
operated anal incontinence device adapted to be implanted in the patient's body. The
valve pump assembly is able to hydraulically operate the anal incontinence device to
close and constrict the patient’s intestine to prevent leakage of fecal matter out from the
body via the normal anal opening, when the second valve member is in the first
position, and to open the anal incontinence device to allow the patient to defecate, when
the second valve member is in the second position.

3) The valve pump assembly may be adapted to pump liquid in a hydraulically
operated vascular treatment device adapted to be implanted in the patient’s body. The
valve pump assembly is able to hydraulically operate the vascular treatment device to
Increase constriction of a vascular aneurysm preventing future perforation of the
aneurysm, when the second valve member is in the first position, and to decrease the
constriction, when the second valve member is in the second position.

4) The valve pump assembly may be adapted to pump liquid in a hydraulically
operated vascular treatment device adapted to be implanted in the patient’s body. The
valve pump assembly is able to hydraulically operate the vascular treatment device to
reduce blood pressure by increasing constriction of a vascular artery, when the second
valve member is in the first position, and to decrease the constriction, when the second
valve member is in the second position.

5) The valve pump assembly may be adapted to pump liquid in a hydraulically
operated arug delivery device for delivery of a drug inside the patient’s body and
adapted to be implanted in the patient's body. The valve pump assembly is able to
hydraulically operate the drug delivery device to deliver drug, when the second valve
member Is in the first position, and to prevent the drug delivery device to deliver any

drug, when the second valve member is in the second position.
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6. The valve pump assembly may be adapted to pump liquid in a hydraulically
operated impotence treatment device including a constriction device adapted to be
implanted in the patient's body. The valve pump assembly is able to hydraulically
operate the constriction device to close and constrict the vascular veins or Corpus
cavernosa 1o create penile erection, when the second valve member is in the first
position, and to decrease the constriction to avoid penile erection, when the second
valve member is in the second position.

/) The valve pump assembly may be adapted to pump liquid in a hydraulically
operated impotence treatment device including corpus cavernosa implants adapted to
be implanted in the patient’s body. The valve pump assembly is able to hydraulically
operate the impotence treatment device to fill the corpus cavernosa implants to create
penile erection, when the second valve member is in the first position, and to empty the
implants, when the second valve member is in the second position.

8) The valve pump assembly may be adapted to pump liquid in a hydraulically
operated reflux disease treatment device for constricting the cardia region, lower
oesophagus or upper part of the stomach and adapted to be implanted in the patient’s
body. The valve pump assembly is able to hydraulically operate the reflux disease
treatment device to close and constrict the cardia region, lower oesophagus or upper
part of the stomach to prevent leakage of acid up into esophagus, when the second
valve member is in the first position, and to open the reflux disease treatment device, so
that the patient is able to swallow food, when the second valve member is in the second
position.

9) The valve pump assembly may be adapted to pump liquid in a hydraulically
operated obesity treatment device for restricting the cardia region, lower oesophagus or
upper part of the stomach and adapted to be implanted in the patient’s body. The valve
pump assembly is able to hydraulically operate the obesity treatment device to increase
the restriction of the cardia region, lower oesophagus or upper part of the stomach to
restrict food intake, when the second valve member is in the first position, and to
decrease the restriction of the obesity treatment device, so that the patient is able to
Increase food intake, when the second valve member is in the second position.

10) The valve pump assembly may be adapted to pump liquid in a hydraulically
operated hydrocephalus treatment device including a liquid conduit adapted to be
positioned between the liquid room in the patient’s brain and the abdominal cavity. The

valve pump assembly is able to hydraulically operate the hydrocephalus treatment




CA 02494387 2005-02-01

WO 2004/012806 PCT/SE2003/001247
14

device to distribute liquid between the liquid room in the brain and the abdominal cavity,
when the second valve member is in the first position, and to prevent the hydrocephalus
treatment device from distributing liquid between the liquid room in the brain and the
abdominal cavity, when the second valve member is in the second position.

11) The valve pump assembly may be adapted to pump liquid in an implantable
hydraulically operated ascites treatment device including a liquid conduit between the
the abdominal cavity and the vein and/or lymphatic system in the patient's body. The
valve pump assembly is able to hydraulically operate the ascites treatment device 1o
distribute liquid from the abdominal cavity into the vein and/or lymphatic system of the
patient's body, when the second valve member is in the first position, and to prevent the
ascites treatment device from distributing liquid from the abdominal cavity, when the
second valve member is in the second position.

12) The valve pump assembly may be adapted to pump liquid in an implantable
hydraulically operated intestinal stomy treatment device including a constriction device
for constricting the patient’s intestine to prevent accidental discharge of fecal matter and
for releasing the intestine to allow discharge of fecal matter. The valve pump assembly
is able to hydraulically operate the intestinal stomy treatment device to close and
constrict the intestine to prevent leakage of fecal matter out from the body via the
intestinal stomy, when the second valve member is in the first position, and to open the
intestinal stomy treatment device to allow the patient to defecate, when the second
valve member is in the second position.

13) The valve pump assembly may be adapted to pump liquid in an implantable
hydraulically operated intestinal disease treatment device including a constriction device
for constricting the patient’s intestine to prevent accidental discharge of fecal matter and
for releasing the intestine to allow discharge of fecal matter, the patient being operated
with reduction of intestinal length and the intestine still being connected to the normal
anal outlet for discharge of fecal matter. The valve pump assembly is abie to
hydraulically operate the intestinal disease treatment device to close and constrict the
intestine to prevent leakage of fecal matter out from the body via the anal opening,
when the second valve member is in the first position, and to open the intestinal disease
treatment device to allow the patient to defecate, when the second valve member Is in
the second position.

14) The valve pump assembly may be adapted to pump liquid in an implantable

hydraulically operated intestinal disease treatment device including a constriction device
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for constricting the patient’s intestine to prevent accidental discharge of fecal matter and
for releasing the intestine to allow discharge of fecal matter. The valve pump assembly
s able to hydraulically operate the intestinal disease treatment device to pump fecal
matter out from the body via an intestinal stomy and/or the anal opening, when the
second valve member is in the first position, and to prevent the intestinal disease
treatment device from discharging fecal matter, when the second valve member is in the
second position.

15) The valve pump assembly may be adapted to be implanted in the heart or
vascular system of a patient’s body to help the heart to pump blood to prevent heart
insufficiency. The first and second channels are adapted to connect to the patient’s
artery system such that the pump pumps the biood, when the second valve member is
In the first position, and sucks the blood, when the second valve member is in the
second position.

Brief description of the drawings

Figure 1 shows an exploded view of an embodiment of the apparatus according
to the present invention.

Figures 2 — 4 show views of the embodiment of Figure 1 in three different
operation positions, respectively, with some parts removed to improve clarity.

Figure 5 shows a cross-sectional view of another embodiment of the apparatus
according to the present invention.

Figure 6 and 7 show a movable ceramic valve member and a stationary ceramic
valve member, respectively, of a valve device of the embodiment of figure 5.

Figure 8 shows the embodiment of Figure 5 but at a different operation positions.

Figure 9 and 10 show perspective views of the embodiments of Figures 5 and 8.
respectively, with some parts transparent.

Figures 11-24 show the apparatus of the invention implanted to treat various
diseases.

Referring to the drawing Figures, like reference numerals designate identical or

corresponding elements throughout the several Figures.

Detailed description of the drawings
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Figure 1 shows an exploded view of an embodiment of the apparatus according
to the present invention, comprising a valve pump assembly 1, wherein a membrane
pump 2 and a valve device 3 constitute two main elements of assembly 1. Both valve
‘device 3 and pump 2 are driven by a motor 4, which has a motor spindie 5. An
operation device comprises a crankshaft 6, an eccentric connector 7 connecting motor
spindle 5 and crankshaft 6, and a membrane support trod 10 having a hole 9 through
which crankshaft 6 extends. Hole 9 is longitudinally extended to allow movement of
eccentric crankshaft 6 therein without laterally moving support trod 10. Thus, eccentric
movements of crankshaft 6 cause membrane support trod 10 to move up and down.
Membrane support trod 10 is connected to a circular membrane 11 of pump 2, so that
membrane 11 in turn moves up and down, thus causing displacement movement in
pump 2. Membrane 11 is mounted in a two-part metallic holder including an upper part
12 which is also the holder of valve device 3, and an under part 13. Under part 13 of
the metallic holder has as a sealing rubber or plastic O-ring 8 to form a sealed cavity
below membrane 11. Membrane 11 is constructed in such a way as to allow
displacement movements, even though membrane 11 Is rigidly mounted at its
periphery.

The valve device 3 of the present invention comprises a first valve member In the
form of a lower ceramic plate 14 with three holes, a centre hole 15, a left hole 16 and a
right hole 17 in it and a second valve member in the form of an upper ceramic plate 18,
which has two angle-shaped grooves 19 and 20 forming two open channels
underneath. Upper plate 18 slides back and forth on under plate 14 between two end
positions, a right end position illustrated in Figure 2 and a left end position illustrated In
Figure 4. Centre hole 15 in upper ceramic plate 18 connects to either left hole 16, as
shown in Figure 4, or right hole 17, as shown In Figure 2, in lower plate 14, depending
on the position of upper ceramic plate 18 in relation to lower ceramic plate 14. In upper
metallic holder 12, a centre channel 21 connects the cavity under membrane 11 to
centre hole 15 of plate 14, a left channel 22 connects to left hole 16 of plate 14 and a
right channel 23 connects to right hole 17 of plate 14.

The operation device also comprises a movement transferring device In the form
of a slide 24, that controls the movement of upper ceramic plate 18. Crankshatft 6
extends through a vertically extended cut-out 25 of slide 24 that allows movement of
crankshaft 6 without moving slide 24 up and down. Thus, eccentric movements of

crankshaft 6 cause slide 24 to move horizontally back and forth and the movement of
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slide 24 is at a 90° angle to the movement of membrane support rod 10. A cut-out 26 In
slide 24 leaves a space for upper ceramic plate 18 to form an integrated part of sliae 24.
Between upper ceramic plate 18 and slide 24 is mounted a spring (not shown). Two
pins 27 extend through respective holes in upper part 12 of the holder to keep slide 24
In place.

Figures 2-4 show the valve pump assembly 1 and the operation device of the
apparatus of Figure 1 in three different operation positions, as crankshaft 6 is rotated
counter-clockwise by motor 4. Thus, Figure 1 shows how crankshaft 6 has movea slide
24 to the right end position thereof, in which open channel 19 in upper plate 18
connects centre channel 21 to right channel 23, while crankshaft 6 moves membrane
rod 10 and membrane 11 upwardly relatively fast. In this position, membrane 11 sucks
liquid through channels 23, 19 and 21 into the cavity under membrane 11.

Figure 3 shows how crankshaft 6 has rotated a quarter of a turn from the position
shown in Figure 2 to a position in which slide 24 is moved relatively tast towards its left
end position, while membrane 11 has reached its upper end position. In the operation
position shown in Figure 3, centre channel 21 is disconnected from both channels 22
and 23.

Figure 4 shows how crankshaft 6 has rotated a further quarter of a turn from
the position shown in Figure 3 to a position in which slide 24 is In its left end position,
while membrane 11 is moved downwardly relatively fast. In the operation position
shown in Figure 4, membrane 11 forces liquid from the cavity under it through channels
21, 20 and 22.

Figure 5 shows a cross-sectional view of another embodiment of the apparatus
according to the present invention, comprising a valve pump assembly 28, wherein a
membrane pump 29 and a valve device 30 constitute two main elements of assembly
28 mounted in a cylindrical housing 31. Valve device 30 includes a first valve member in
the form of a ceramic disc 32 stationary mounted on and fixed to housing 31, and a
second valve member in the form of a ceramic disc 33 facing and touching ceramic disc
32 and rotatable relative to stationary disc 32. A motor 34 is mounted on housing 31
enclosing ceramic discs 32 and 33. Motor 34 includes a splined motor shaft 35 coupled
to corresponding splines in an under centre hole in rotatable disc 33 to allow disc 33 to
move somewhat in an axial direction relative to motor shaft 35, although disc 33 follows

the rotation of motor 31. On motor shaft 35 is mounted a stop member 36 and a spring
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washer 37 that exerts a slight amount of pressure against disc 33 to urge It against
stationary disc 32.

With reference to Figure 6, stationary disc 32 has three holes in it that are
channels, i.e., a larger centre hole that is a first channel 38, and two smaller holes, /.e.,
a left hole that is a second channel 40, and a right hole that is a third channel 41.
Channels 40 and 41 are sealed relative to housing 31 by rubber O-rings 42 and 43,
respectively. Channel 40 and 41, respectively, is connected to a channel 44 and 45,
respectively, that exits from housing 31.

With reference to Figure 7, rotatable disc 33 has a groove with a triangular shape
that forms an open channel 46. As disc 33 rotates, open channel 46 connects either
second channel 40 to first channel 38 of stationary disc 32, as shown in Figure 5, or
second channel 41 to first channel 38, as shown in Figure 8, depending on the
rotational position of rotatable disc 33.

The tolerance between rotatable disc 33 and stationary disc 32 is very fine so
that no liquid is able to pass between channels 40 or 41 and 38, except through open
channel 46. By using a very inert material, such as ceramic, it is possible to achieve
very fine tolerances between discs 32 and 33 without such valve members sticking
together over time. Ceramic works better than most metals that, when mountead
together with fine tolerances between surfaces, will stick together over time.

Pump 29 includes a pump membrane 47 that can be any kind of membrane.
Preferably, membrane 47 is a metal membrane, for example a titanium membrane, or a
type of coated plastic material for achieving long lifetime and avoiding diffusion of liquid
through membrane 47 over time. An operation device, which in this embodiment is
incorporated in valve pump assembly 28, includes a cam sleeve 48, which has a cut-out
groove with two opposite cam surfaces 49, a cam wheel 50, which rotates in the cut-out
groove pushing against cam surfaces 49, and a pump shaft 51 connected to rotary disc
33. Cam wheel 50 is mounted via a cam wheel shaft 52 onto pump shaft 51. Pump shaft
51 rotates because it is connected to rotating disc 33 via a spline shaft 57 that is
coupled to corresponding splines in an upper centre hole 53 in rotatable disc 33. The
described spline coupling allows disc 33 to move somewhat in an axial direction relative
to pump shaft 51. Pump shaft 51 is mounted in an encapsulated ball bearing 54 and Is
stationary in an axial direction with respect to ball-bearing 54. Several elongated

grooves 55 on pump shaft 51 extend past ball bearing 54 and serve as liquid flow
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passages between first channel 38 of stationary disc 32 and a pump chamber 56 under
membrane 47.

When motor 34 is rotating, membrane 47 moves up and down. As membrane 47
moves up and down, rotatable disc 33 connects first channel 38 alternately to second
and third channels 40 and 41 so that liquid is either transmitted from second channel 40
or third channel 41 to pump chamber 56 or received from pump chamber 52 by second
channel 40 or third channel 41, respectively. In Figures 5 and 9, first channel 38 is
shown as being connected to second channel 40 via open channel 46, thereby having
second channel 40 receiving liquid from chamber 56. As such, in Figures 5 and 9 first
channel 38 is shown as being connected to second channel 40 via open channel 46 so
that second channel 40 receives liquid through first channel 38 from chamber 56.

In Figures 8 and 10, pump shaft 51 has rotated so that membrane 47 has moved
downward and, at the same time, disc 33 has rotated to connect first and second
channels 38 and 40, thereby allowing third channel 41 to transmit liquid from exit
channel 45 through first channel 38 to pump chamber 56.

By changing the direction of pump 29 it will be possible to change the direction ot
liquid flow. If necessary shaft 35 of motor 34 driving disc 33 could include a certain gap
when the rotation direction is changed.

The particular material selected for discs 32 and 33 is important because the
selected material must be able to function using very fine tolerances without such discs
sticking to one another over time. There are several materials available on the market
that would be suitable for this purpose, e.g., ceramic or ceramic mixed with other
materials, such as carbon fibre.

It should also be noted that it would be possible to combine the construction
orinciples of the different embodiments described in this application. For example, a
rotating valve member arrangement like that shown in Figures 5-10 could be combined
with the membrane moving arrangement shown in Figures 1-4. [n addition, it is also
possible to use any kind of pump construction together with the valve member
construction of the present invention, either rotatable or slidable relative to one another.

Figures 11-24 show the apparatus of the invention implanted to treat various
diseases. In all of the applications according to Figures 11-24, the valve device of the
apparatus is designed such that the second plane surface of the second valve member
slides on the first plane surface of the first valve member between a first position, in

which the pump is hydraulically connected to a first channel of the liquid channels, and
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a second position, in which the pump is hydraulically connected to a second channel of
the liquid channels. The first and second channels are hydraulically connected to the
implant in question, and the first and second plane surfaces have a smoothness such
that they form a liquid seal as they touch each other.

Accordingly, Figure 11 shows how any of the above embodiments of Figures 1-
10 Is used to freat urinary incontinence. The valve pump assembly may be adapted to
pump liquid in a hydraulically operated urinary incontinence device 57 adapted to be
implanied in the patient’s body. The valve pump assembly is able to hydraulically
operate the urinary incontinence device to close and constrict the patient’s urethra 58
and/or urine bladder to prevent leakage of urine out from the body via the urethra
opening, when the second valve member is in the first position, and to open the urinary
iIncontinence device to allow the patient to urinate, when the second valve member is in
the second position.

Figure 12 shows how any of the above embodiments of Figures 1-10 is used to
treat anal incontinence. The valve pump assembly 28 is adapted to pump liquid in a
hydraulically operated anal incontinence device 59 implanted in a patient’s body. The
valve pump assembly is able to hydraulically operate the anal incontinence device to
close and constrict the patient’s intestine 60 to prevent leakage of fecal matter out from
the body via the normal anal opening, when the second valve member is in the first
position, and to open the anal incontinence device to allow the patient to defecate, when
the second valve member is in the second position.

Figure 13 shows how any of the above embodiments of Figures 1-10 is used to
treat vascular aneurysm. The valve pump assembly 28 is adapted to pump liquid in a
hydraulically operated vascular treatment device implanted in a patient’s body. The
valve pump assembly is able to hydraulically operate the vascular treatment device to
Increase constriction of a vascular aneurysm preventing future perforation of the
aneurysm, when the second valve member is in the first position, and to decrease the
constriction, when the second valve member is in the second position.

Figure 14 shows how any of the above embodiments of Figures 1-10 is used to
treat high blood pressure. The valve pump assembly 28 is adapted to pump liquid in a
hydraulically operated vascular treatment device 62 implanted in a patient’s body. The
valve pump assembly is able to hydraulically operate the vascular treatment device to

reduce blood pressure by increasing constriction of a vascular artery, when the second
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valve member is in the first position, and to decrease the constriction, when the second
valve member is in the second position.

Figure 15 shows how any of the above embodiments of Figures 1-10 is used to
deliver a drug. The valve pump assembly is adapted to pump liquid in an implanted
hydraulically operated drug delivery device 63 for delivery of a drug inside a patient’s
body. The valve pump assembly is able to hydraulically operate the drug delivery device
to deliver drug, when the second valve member is in the first position, and to prevent the
drug delivery device to deliver any drug, when the second valve member is in the
second position.

Figure 16 shows how any of the above embodiments of Figures 1-10 is used to
treat impotence. The valve pump assembly 28 is adapted to pump liquid in a
hydraulically operated impotence treatment device 65 including a constriction device
Implanted in a patient’s body. The valve pump assembly is able to hydraulically operate
the constriction device to close and constrict the vascular veins or corpus cavernosa to
create penile erection, when the second valve member is in the first position, and to
decrease the constriction to avoid penile erection, when the second valve member is in
the second position.

Figure 17 shows how any of the above embodiments of Figures 1-10 is used to
treat impotence in another way. Thus, the valve pump assembly 28 is adapted to pump
liquid in a hydraulically operated impotence treatment device 64 including corpus
cavernosa implants implanted in a patient’s body. The valve pump assembly is able to
hydraulically operate the impotence treatment device to fill the corpus cavernosa
Implants to create penile erection, when the second valve member is in the first position,
and to empty the implants, when the second valve member is in the second position.

Figure 18 shows how any of the above embodiments of Figures 1-10 is used to
treat reflux disease. The valve pump assembly 28 is implanted in a patient’s body and
adapted to pump liquid in a hydraulically operated reflux disease treatment device 66 for
constricting the cardia region, lower oesophagus or upper part of the stomach. The
valve pump assembly is able to hydraulically operate the reflux disease treatment
device to close and constrict the cardia region, lower oesophagus or upper part of the
stomach to prevent leakage of acid up into esophagus, when the second valve member
s in the first position, and to open the reflux disease treatment device, so that the

patient is able to swallow food, when the second valve member is in the second

position.
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Figure 19 shows how any of the above embodiments of Figures 1-10 is used o
treat obesity. The valve pump assembly 28 is implanted in an obese patient’s body and
adapted to pump liquid in a hydraulically operated obesity treatment device 67 for
restricting the cardia region, lower oesophagus or upper part of the stomach. The valve
pump assembly is able to hydraulically operate the obesity treatment device to increase
the restriction of the cardia region, lower oesophagus or upper part of the stomach to
restrict food intake, when the second valve member is in the first position, and to
decrease the restriction of the obesity treatment device, so that the patient is able to
increase food intake, when the second valve member is in the second position.

Figure 20 shows how any of the above embodiments of Figures 1-10 is used to
treat hydrocephalus. The valve pump assembly 28 is implanted in a patient and adapted
to pump liquid in a hydraulically operated hydrocephalus treatment device including a
liquid conduit adapted to be positioned between the liquid room in the patient’s brain
and the abdominal cavity. The valve pump assembly is able to hydraulically operate the
hydrocephalus treatment device to distribute liquid between the liquid room In the brain
and the abdominal cavity, when the second valve member is in the first position, and to
prevent the hydrocephalus treatment device from distributing liquid between the liquid
room in the brain and the abdominal cavity, when the second valve member is in the
second position.

Figure 21 shows how any of the above embodiments of Figures 1-10 is used to
treat ascites. The valve pump assembly 28 is implanted in a patient and adapted to
pump liquid in an implantable hydraulically operated ascites treatment device including
a liquid conduit between the the abdominal cavity and the vein 70 and/or lymphatic
system in the patient’s body. The valve pump assembly is able {0 hydraulically operate
the ascites treatment device to distribute liquid from the abdominal cavity into the vein
and/or lymphatic system of the patient’'s body, when the second valve member is in the
first position, and to prevent the ascites treatment device from distributing liquid from the
abdominal cavity, when the second valve member is In the second position.

Figure 22 shows how any of the above embodiments of Figures 1-10 is used to
control intestinal stomy. The valve pump assembly 28 is implanted in a patient and
adapted to pump liquid in an implanted hydraulically operated intestinal stomy treatment
device 71 including a constriction device for constricting the patient’s intestine to
prevent accidental discharge of fecal matter and for releasing the intestine to allow

discharge of fecal matter. The valve pump assembly is able to hydraulically operate the
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intestinal stomy treatment device to close and constrict the intestine to prevent leakage
of fecal matter out from the body via the intestinal stomy, when the second valve
member is in the first position, and to open the intestinal stomy treatment device to
allow the patient to defecate, when the second valve member is in the second position.
Alternatively, the patient may be operated with reduction of intestinal length with the
Intestine still being connected to the normal anal outlet for discharge of fecal matter. In
this alternative, the valve pump assembly may be able to hydraulically operate the
Intestinal disease treatment device to close and constrict the intestine to prevent
leakage of fecal matter out from the body via the anal opening, when the second valve
member is in the first position, and to open the intestinal disease treatment device to
allow the patient to defecate, when the second valve member is in the second position.

Figure 23 shows how any of the above embodiments of Figures 1-10 is used to
control intestinal stomy in a manner somewnhat different from the application according
to Figure 23. Thus, the valve pump assembly 28 is able to hydraulically operate the
intestinal disease treatment device 71 to pump fecal matter out from the body via an
intestinal stomy and/or the anal opening, when the second valve member is in the first
position, and to prevent the intestinal disease treatment device from discharging fecal
matter, when the second valve member is in the second position.

Figure 24 shows how the above-described valve pump assembly 28 is used to
help the heart 72 to pump blood to prevent heart insufficiency. The valve pump
assembly Is implanted in the heart or vascular system of a patient’s body. The first and
second channels are connected to the patient’s artery system such that the pump
pumps the blood, when the second valve member is in the first position, and sucks the

blood, when the second valve member is in the second position.
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CLAIMS:
1. An implantable valve device, comprising:

a first valve member including a first plane surface, and

a second valve member including a second plane surface facing and
touching said first plane surface, said second plane surface being displaceable
relative to said first valve member between different positions while said second
plane surface touches said first plane surface, said valve members including

different liquid channels,

wherein said second valve member is adapted to connect at least
two of said different channels to each other in at least one of said different

positions,

wherein said valve members are made of a ceramic material,
wherein said first and second plane surfaces of said valve members have a
smoothness such that they form a liquid seal as they touch each other.

2. A valve device according to claim 1, wherein said second valve
member is displaceable relative to said first valve member between a first position

and a second position.

3. A valve device according to claim 2, wherein said first valve member
has at least two separate liquid channels including first and second channels, and
sald second valve member is adapted to connect said first and second channels

to each other, when said second valve member is in said first position, and to seal

said first channel, when said second valve member is in said second position.

4. A valve device according to claim 3, wherein said separate liquid
channels open on said first plane surface of said first valve member, and said
second plane surface has at least one open channel forming a liquid flow
connection between said first and second channels, when said second valve
member Is in said first position.
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S. A valve device according to claim 2, wherein said first valve member
has at least three separate liquid channels including first, second and third
channels, and said second valve member is adapted to connect said first and
second channels to each other, when said second valve member is in said first
position, and to connect said first and third channels to each other, when said

second valve member is in said second position.

6. A valve device according to claim 5, wherein said separate liquid
channels open on said first plane surface of said first valve member, and said
second plane surface has at least one open channel forming a liquid flow
connection between said first and second channels, when said second valve
member is in said first position, and forming a liquid flow connection between said
first and third channels when said second valve member is in said second

position.

7. A valve device according to claim 1, wherein said second plane
surface of said second valve member is adapted to slide on said first plane
surface of said first valve member.

8. A valve device according to claim 7, wherein said second plane
surface of said second valve member is adapted to slide back and forth.

0. A valve device according to claim 8, further comprising an operation
device for sliding said second valve member back and forth.

10. A valve device according to claim 9, wherein said operation device
comprises an eccentric crankshaft and a slide connected to said crankshaft and

attached to said second valve member, said slide and second valve member
being moved back and forth by said crankshaft, when said crankshaft rotates.

11. A valve device according to claim 7, wherein said second plane
surface of said second valve member is adapted to rotate and slide on said first
plane surface of said first valve member.
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12. A valve device according to claim 11, further comprising an
operation device adapted to rotate said second valve member such that said

second plane surface rotates and slides on said first plane surface.

13. A valve device according to claim 12, wherein said second valve
member comprises a disc and said operation device comprises a drive shaft in

rotational engagement with said disc.

14, A valve device according to claim 13, further comprising a motor for

rotating said drive shatft.

15. A valve device according to claim 14, further comprising a control

device for controlling said motor.

16. A valve device according to claim 1, further comprising an operation
device adapted to displace said second valve member relative to said first valve

member.

17. A valve device according to claim 16 further comprising a motor for

driving said operation device.

18. A valve device according to claim 17, wherein the valve device is
adapted for implantation in a human body and said motor is adapted to be

controlled by a remote control outside the human body.

19. A valve device according to claim 17, wherein the valve device is
adapted for implantation in a human body and said motor is designed to be

powered by wireless energy emitted outside the human body.

20. A valve device according to claim 16, wherein the valve device is
adapted for implantation in a human body and further comprising a control device

for controlling said operation device.

21. A valve device according to claim 20, wherein said control device
comprises a remote control for controlling said operation device from outside the

human body.

22. An apparatus for distributing a liquid in a patient's body, comprising:
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a pump adapted to be implanted in the patient to pump the liquid,
an implantable valve device adapted to direct the liquid pumped by
sald pump,
a first valve member of said valve device including a first plane
surface, and

a second valve member of said valve device including a second
plane surface facing and touching said first plane surface and being displaceable
relative to said first valve member between different positions while said second
plane surface touches said first plane surface, said valve members including
different liquid channels, and wherein said valve device is operable to displace
said second valve member to hydraulically connect said pump to at least one of

said liquid channels in at least one of said different positions,

wherein said valve members are made of a ceramic material,
wherein said first and second plane surfaces of said valve members having a

smoothness such that they form a liquid seal as they touch each other.

23. An apparatus according to claim 22, wherein said second valve
member is displaceable relative to said first valve member between a first position

and a second position.

24, An apparatus according to claim 23, wherein said first valve member
has at least two separate liquid channels including first and second channels, said
first channel being connected to said pump, and said second valve member Is
adapted to connect said first and second channels to each other, when said
second valve member is in said first position, and to seal said first channel and
thus not connecting to said pump, when said second valve member Is in said

second position.

25. An apparatus according to claim 24, wherein said separate liquid
channels open on said first plane surface of said first valve member, and said

second plane surface has at least one open channel forming a liquid flow
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connection between said first and second channels, when said second valve
member is in said first position.

26. An apparatus according to claim 23, wherein said first valve member
has at least three separate liquid channels including first, second and third
channels, said first channel being connected to said pump, and said second valve
member is adapted to connect said first and second channels to each other, when
said second valve member is in said first position, and to connect said first and
third channels to each other, when said second valve member is in said second

position.

27. An apparatus according to claim 26, wherein said separate liquid
channels open on said first plane surface of said first valve member, and said
second plane surface has at least one open channel forming a liquid flow
connection between said first and sécond channels, when said second valve
member is in said first position, and forming a liquid flow connection between said
first and third channels when said second valve member is in said second
position.

28. An apparatus according to claim 22, wherein said second plane
surface of said second valve member is adapted to slide on said first plane

surface of said first valve member.

29. An apparatus according to claim 28, wherein said second plane
surface of said second valve member is adapted to slide back and forth.

30. An apparatus according to claim 28, wherein said second plane
surface of said second valve member is adapted to rotate and slide on said first

plane surface of said first valve member.

31. An apparatus according to claim 22, further comprising an
implantable operation device adapted to operate said valve device.
32. An apparatus according to claim 31, wherein said operation device is

adapted to operate said valve device such that said second plane surface of said
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second valve member slides back and forth on said first plane surface of said first

valve member.

33. An apparatus according to claim 32, wherein said operation device
comprises an eccentric crankshaft and a slide connected to said crankshaft and
attached to said second valve member, said slide and second valve member

being moved back and forth by said crankshaft, when said crankshaft rotates.

34. An apparatus according to claim 31, wherein said operation device

also Is adapted to operate said pump.

35. An apparatus according to claim 34, wherein said pump comprises a

membrane pump.

36. An apparatus according to claim 35, wherein said membrane pump
has a membrane that is movable by said operation device, and said operation
device is adapted to move said membrane at a relatively high rate while moving
said second valve member at a relatively low rate and to move said second valve
member at a relatively high rate while moving said membrane at a relatively low

rate.

37. An apparatus according to claim 35, wherein said membrane pump
has a membrane that is movable by said operation device, and said operation
device Is adapted to move said membrane while keeping said second valve
member at rest and to move said second valve member while keeping said

membrane at rest.

38. An apparatus according to claim 31, further comprising an
iImplantable holder, in which said operation device, pump and valve members are

mounted.

39. An apparatus according to claim 38, wherein said holder comprises
an upper part, in which said operation device and valve members are mounted.
and an under part, in which said pump is mounted, said upper and under parts
being releasably attached to each other.
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40. An apparatus according to claim 31, wherein said operation device is
adapted to operate said valve device such that said second plane surface of said
second valve member rotates and slides on said first plane surface of said first

valve member.

41. An apparatus according to claim 40, wherein said second valve
member comprises a disc and said operation device comprises a drive shaft in

rotational engagement with said disc.

42. An apparatus according to claim 41, wherein said operation device

also is adapted to operate said pump.

43. An apparatus according to claim 42, wherein said pump comprises a

membrane pump.

44 An apparatus according to claim 43, wherein said membrane pump
has a membrane and said operation device comprises a cam mechanism
attached to said membrane, said drive shaft being operably connected to said
cam mechanism to cause said cam mechanism to move said membrane back and
forth as said drive shaft rotates.

45. An apparatus according to claim 40, further comprising an
implantable at least substantially cylindrical housing, in which said operation

device, pump and valve device are mounted.

46. An apparatus according to claim 22, wherein said pump comprises a

membrane pump.

47 . An apparatus according to claim 22, wherein said pump comprises a

piston pump.

48. An apparatus according to claim 22, wherein said pump comprises a

SCrew pump.

49, An apparatus according to claim 22, wherein said pump comprises a

gear pump.
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50. An apparatus according to claim 22, wherein said pump comprises a -
peristaltic pump.
51. An apparatus according to claim 22, wherein said valve device and

pump are integrated to form an operable valve pump assembly.

52. An apparatus according to claim 51, further comprising an
implantable operation device adapted to operate said valve pump assembly.

53. An apparatus according to claim 52, further comprising an

implantable motor for driving said operation device. |

54. An apparatus according to claim 53, wherein said motor is designed
to be powered by wireless energy emitted outside the patient's body.

59. An apparatus according to claim 51 further comprising an energy
transmission device for wireless transmission of energy from outside the patient's
body to inside the patient’s body for use in connection with the operation of said

valve pump assembly.

56. An apparatus according to claim 55, wherein said energy
transmission device transmits energy of a first form and said vaive pump
assembly is operable in response to energy of a second form, and further
comprising an energy transforming device implantable in the patient for
transforming the energy of the first form wirelessly transmitted by said energy

transmission device into the energy of the second form.

57. An apparatus according to claim 56, wherein the energy of the
second form is different than the energy of the first form.

58. An apparatus according to claim 56, wherein said energy
transforming device comprises at least one element having a positive region and a
negative region, said element is capable of creating an energy field between said
positive and negative regions when exposed to the energy of the first form
transmitted by said energy transmission device, and said energy field produces
the energy of the second form.
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59. An apparatus according to claim 58, wherein said element
comprises an electrical junction element, and said electrical junction element is
capable of inducing an electric field between said positive and negative regions
when exposed to the energy of the first form transmitted by said energy
transmission device, whereby the energy of the second form comprises electric

energy.

60. An apparatus according to claim 56, wherein said energy
transforming device is adapted to transform the energy of the first form directly or
indirectly into the energy of the second form.

61. An apparatus according to claim 60, further comprising an
Implantable motor for operating said valve pump assembly, wherein said motor is
powered by the energy of the second form.

62. An apparatus according to claim 61, wherein said valve pump
assembly is operable to perform a reversible function and said motor is capable of

reversing said function.

63. An apparatus according to claim 61, further comprising a control
device adapted to shift polarity of the energy of the second form to reverse said

motor.

64. An apparatus according to claim 61, wherein said energy
transforming device is adapted to directly power said motor by the transformed

energy, as the energy of the second form is being transformed from the energy of
the first form.

695. An apparatus according to claim 60, wherein the wireless energy of
the first form comprises sound waves and the energy of the second form
comprises electric energy.

66. An apparatus according to claim 56, further comprising an energy
storage device implantable in the patient for storing the energy of the second form
and for supplying energy in connection with the operation of said valve pump
assembly.
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67. An apparatus according to claim 66, wherein said energy storage
device comprises an accumulator.
68. An apparatus according to claim 67, wherein said accumulator

comprises at least one capacitor or at least one rechargeable battery, or a

combination of at least one capacitor and at least one rechargeable battery.

69. An apparatus according to claim 56, further comprising a source of
energy implantable in the patient for supplying energy for the operation of said
valve pump assembly, and a switch operable by the energy of the second form
supplied by said energy transforming device to switch from an off mode, in which
said source of energy is not in use, to an on mode, in which said source of energy
supplies energy for the operation of said valve pump assembly.

70. An apparatus according to claim 56, further comprising an

implantable stabiliser for stabilising the energy of the second form.

71. An apparatus according to claim 70, wherein the energy of the
second form comprises electric current and said stabiliser comprises at least one

capacitor.

72. An apparatus according to claim §5, further comprising implantable

electrical components including at least one voltage level guard.

73. An apparatus according to claim 55, wherein said energy
transmission device Is adapted to transmit wireless energy for direct use in
connection with the operation of said valve pump assembly, as the wireless
energy iIs being transmitted.

74. An apparatus according to claim 55, wherein said energy
transmission device iIs adapted to transmit wireless energy in the form of a
magnetic field or electromagnetic waves for direct power of said valve pump

assembly.

79. An apparatus according to claim 56, wherein said energy
transforming device directly operates said valve pump assembly with the energy

of the second form in a non-magnetic, non-thermal or non-mechanical manner.
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76. An apparatus according to claim 56, wherein said energy
transforming device comprises at least one semiconductor type of component.

/7. An apparatus according to claim 76, wherein said semiconductor
component comprises at least one element having a positive region and a
negative region, said element is capable of creating an energy field between said
positive and negative regions when exposed to the energy of the first form
transmitted by said energy transmission device, and said energy field produces
the energy of the second form.

/8. An apparatus according to claim 51, wherein said valve pump
assembly is operable to perform a reversible function.

79. An apparatus according to claim 78, further comprising a reversing
device implantable in the patient for reversing the function performed by said valve

pump assembly.

80. An apparatus according to claim 79, wherein said control device
controls said reversing device to reverse the function performed by said valve

pump assembly.

81. An apparatus according to claim 79, wherein said reversing device
comprises hydraulic means including a valve for shifting the flow direction of a

liquid flow in said hydraulic means.

82. An apparatus according to claim 79, wherein said reversing device
comprises a mechanical reversing device.

83. An apparatus according to claim 79, wherein said reversing device

comprises a switch.

84. An apparatus according to claim 55, wherein said energy

transmission device transmits energy by at least one wireless signal.

85. An apparatus according to claim 84, wherein said signal comprises a

wave signal.
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86. An apparatus according to claim 85, wherein said wave signal
comprises an electromagnetic wave signal including one of an infrared light signal,
a visible light signal, an ultra violet light signal, a laser signal, a micro wave signal,
a radio wave signal, an x-ray radiation signal, and a gamma radiation signal.

87. An apparatus according to claim 85, wherein said wave signal

comprises a sound or uitrasound wave signal.

88. An apparatus according to claim 84, wherein said sighal comprises a
digital or analog signal, or a combination of a digital and analog signal.

89. An apparatus according to claim §6, wherein the energy of the first
form transmitted by said energy transmission device comprises an electric, an
electromagnetic or a magnetic field, or a combination thereof.

90. An apparatus according to claim 89, wherein said electric,
electromagnetic or magnetic field, or the combination thereof is transmitted in
pulses or digital pulses, or a combination of pulses and digital puises by said

energy transmission device.

01. An apparatus according to claim 56, wherein said energy
transforming device transforms the energy of the first form into a direct current or
pulsating direct current, or a combination of a direct current and pulsating direct

current.

02. An apparatus according to claim 56, wherein said energy
transforming device transforms the energy of the first form into an alternating

current or a combination of a direct and alternating current.

93. An apparatus according to claim 56, wherein one of the energy of
the first form and the energy of the second form comprises magnetic energy,
kinetic energy, sound energy, chemical energy, radiant energy, electromagnetic
energy, photo energy, nuclear energy or thermal energy.

94. An apparatus according to claim 56, wherein one of the energy of
the first form and the energy of the second form is non-magnetic, non-kinetic, non-

chemical, non-sonic, non-nuclear or non-thermai.
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95. An apparatus according to claim 56, wherein said energy
transmission device functions different from said energy transforming device.

96. An apparatus according to claim 56, wherein said energy

transmission device functions similar to said energy transforming device.

97. An apparatus according to claim 56, wherein said energy
transforming device is designed to be implanted subcutaneously or in the

abdomen, thorax or cephalic region of the patient.

98. An apparatus according to claim 56, wherein said energy
transforming device is designed to be implanted in an orifice of the patient's body
and under the mucosa or intraluminar outside the mucosa of the orifice.

99. An apparatus according to claim 22, further comprising at least one

sensor adapted to be implanted in the patient.

100. An apparatus according to claim 99, wherein said sensor is adapted
to sense at least one physical parameter of the patient.

101. An apparatus according to claim 99, wherein said sensor is adapted

to sense at least one functional parameter of a medical implant.

102. An apparatus according to claim 99, further comprising a control
device for controlling said valve device and pump in response to signals from said

SeNSOr.

103. An apparatus according to claim 102, wherein said control device
comprises an implantable internal control unit that directly controls said valve
device and pump In response to signals from said sensor.

104. An apparatus according to claim 102, wherein said control device
comprises an external control unit outside said patient’s body for controlling said

valve device and pump in response to sighals from said sensor.

105. An apparatus according to claim 51, further comprising a control
device for controlling said valve pump assembly.
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106. An apparatus according to claim 105, wherein said control device
comprises a remote control for controlling said valve pump assembly from outside
the patient's body.

107. An apparatus according to claim 106, wherein said remote control

comprises a wireless remote control.

108. An apparatus according to claim 107, wherein said wireless remote
control is adapted to transmit at least one wireless control signal for controlling
said valve pump assembly.

109. An apparatus according to claim 108, wherein said control signal
comprises a frequency, amplitude or frequency or amplitude modulated signal.

110. An apparatus according to claim 108, wherein said control signal
comprises an analog or a digital signal, or a combination of an analog and digital
signal.

111. An apparatus according to claim 105, wherein said control device

comprises a miCroprocessor.

112. An apparatus according to claim 107, wherein said wireless remote
control comprises at least one external signal transmitter or transceiver and at

least one internal signal receiver or transceiver implantable in the patient.

113. An apparatus according to claim 108, wherein said remote control

transmits a carrier signal for carrying said control signal.

114. An apparatus according to claim 113, wherein said carrier signal
comprises digital, analog or a combination of digital and analog signals.

115. An apparatus according to claim 114, wherein said signals comprise
wave signals.
116. An apparatus according to claim 108, wherein said control signal

comprises a wave signal comprising one of a sound wave signal, an ultrasound

wave signal, an electromagnetic wave signal, an infrared light signal, a visible light
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signal, an ultra violet light signal, a laser light signal, a micro wave signal, a radio

wave signal, an x-ray radiation signal and a gamma radiation signal.

117. An apparatus according to claim 108, wherein said control signal

comprises an electric or magnetic field, or a combined electric and magnetic field.

118. An apparatus according to claim 110, wherein said remote control
transmits an electromagnetic carrier wave signal for carrying said digital or analog

control signal.

119. An apparatus according to claim 51, further comprising an external
data communicator and an implantable internal data communicator
communicating with said external data communicator, wherein said internal
communicator feeds data related to said valve pump assembly back to said
external data communicator or said external data communicator feeds data to said

Internal data communicator.

120. An apparatus according to claim 22, wherein said pump is adapted
to pump liquid in a hydraulically operated urinary incontinence device adapted to
be implanted in the patient’s body, said second piane surface of said second valve
member is adapted to slide on said first plane surface of said first valve member
between a first position, in which said pump is hydraulically connected to a first
channel of said liquid channels, and a second position, in which said pump is
hydraulically connected to a second channel of said liquid channels, said first and
second channels are adapted to be hydraulically connected to the urinary
Incontinence device, said first and second plane surfaces have a smoothness
such that they form a liquid seal as they touch each other, and said pump is able

to hydraulically operate the urinary incontinence device to close and constrict the

patient’'s urethra and/or urine bladder to prevent leakage of urine out from the
body via the urethra opening, when said second valve member is in said first
position, and to open the urinary incontinence device to allow the patient to

urinate, when said second valve member is in said second position.

121. An apparatus according to claim 22, wherein said pump is adapted

to pump liquid in a hydraulically operated anal incontinence device adapted to be
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Implanted in the patient’s body, said second plane surface of said second valve
member Is adapted to slide on said first plane surface of said first valve member
between a first position, in which said pump is hydraulically connected to a first
channel of said liquid channels, and a second position, in which said pump is
hydraulically connected to a second channel of said liquid channels, said first and
second channels are adapted to be hydraulically connected to the anal
Incontinence device, said first and second plane surfaces have a smoothness
such that they form a liquid seal as they touch each other, and said pump is able
to hydraulically operate the anal incontinence device to close and constrict the
patient’s intestine to prevent leakage of fecal matter out from the body via the
normal anal opening, when said second valve member is in said first position, and
to open the anal incontinence device to allow the patient to defecate, when said

second valve member is in said second position.

122. An apparatus according to claim 22, wherein said pump is adapted
to pump liquid in a hydraulically operated vascular treatment device adapted to be
implanted in the patient’s body, said second plane surface of said second valve
member Is adapted to slide on said first plane surface of said first valve member
between a first position, in which said pump is hydraulically connected to a first
channel of said liquid channels, and a second position, in which said pump is
hydraulically connected to a second channel of said liquid channels, said first and
second channels are adapted to be hydraulically connected to the vascular
treatment device, said first and second plane surfaces have a smoothness such
that they form a liquid seal as they touch each other, and said pump is able to
hydraulically operate the vascular treatment device to increase constriction of a
vascular aneurysm preventing future perforation of the aneurysm, when said
second valve member is in said first position, and to decrease the constriction,

when said second valve member is in said second position.

123. An apparatus according to claim 22, wherein said pump is adapted
to pump liquid In a hydraulically operated vascular treatment device adapted to be
implanted in the patient’s body, said second plane surface of said second valve
member is adapted to slide on said first plane surface of said first valve member

between a first position, in which said pump is hydraulically connected to a first
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channel of said liquid channels, and a second position, in which said pump is
hydraulically connected to a second channel of said liquid channels, said first and
second channels are adapted to be hydraulically connected to the vascular
treatment device, said first and second plane surfaces have a smoothness such
that they form a liquid seal as they touch each other, and said pump is able to
hydraulically operate the vascular treatment device to reduce blood pressure by
iIncreasing constriction of a vascular artery, when said second valve member is in

said first position, and to decrease the constriction, when said second valve

member Is In said second position.

124. An apparatus according to claim 22, wherein said pump is adapted
to pump liquid In a hydraulically operated drug delivery device for delivery of a
drug inside the patient's body and adapted to be implanted in the patient’s body,
said second plane surface of said second valve member is adapted to slide on
said first plane surface of said first valve member between a first position, in which
sald pump Is hydraulically connected to a first channel of said liquid channels, and
a second position, in which said pump is hydraulically connected to a second
channel of said liquid channels, said first and second channels are adapted to be
hydraulically connected to the drug delivery device, said first and second plane
surfaces have a smoothness such that they form a liquid seal as they touch each
other, and said pump is able to hydraulically operate the drug delivery device to
deliver drug , when said second valve member is in said first position, and to

prevent the drug delivery device to deliver any drug, when said second valve

member Is In said second position.

125. An apparatus according to claim 22, wherein said pump is adapted
to pump liquid in a hydraulically operated impotence treatment device including a
constriction device adapted to be implanted in the patient’s body, said second
plane surface of said second valve member is adapted to slide on said first plane
surface of said first valve member between a first position, in which said pump is
hydraulically connected to a first channel of said liquid channels, and a second
position, in which said pump is hydraulically connected to a second channel of

said liquid channels, said first and second channels are adapted to be

hydraulically connected to the constriction device, said first and second plane



10

15

20

25

30

CA 02494387 2010-02-09

23038-182
41

surfaces have a smoothness such that they form a liquid seal as they touch each
other, and said pump is able to hydraulically operate the constriction device to
close and constrict the vascular veins or corpus cavernosa to create penile
erection, when said second valve member is iIn said first position, and to decrease
the constriction to avoid penile erection, when said second valve member is in

sald second posittion.

126. An apparatus according to claim 22, wherein said pump is adapted
to pump liquid in a hydraulically operated impotence treatment device including
corpus cavernosa implants adapted to be implanted in the patient’s body, said
second plane surface of said second valve member is adapted to slide on said
first plane surface of said first valve member between a first position, in which said
pump is hydraulically connected to a first channel of said liquid channels, and a
second position, in which said pump is hydraulically connected to a second
channel of said liquid channels, said first and second channels are adapted to be
hydraulically connected to the constriction device, said first and second plane
surfaces have a smoothness such that they form a liquid seal as they touch each
other, and said pump Is able to hydraulically operate the impotence treatment
device to fill the corpus cavernosa implants to create penile erection, when said
second valve member is in said first position, and to empty the implants, when

sald second valve member is in said second position.

127. An apparatus according to claim 22, wherein said pump is adapted
to pump liquid in a hydraulically operated reflux disease treatment device for
constricting the cardia region, lower oesophagus or upper part of the stomach and
adapted to be implanted in the patient’s body, said second plane surface of said
second valve member is adapted to slide on said first plane surface of said first
valve member between a first position, in which said pump is hydraulically
connected to a first channel of said liquid channels, and a second position, in
which said pump is hydraulically connected to a second channel of said liquid
channels, said first and second channels are adapted to be hydraulically
connected to the reflux disease treatment device, said first and second plane
surfaces have a smoothness such that they form a liquid seal as they touch each

other, and said pump is able to hydraulically operate the reflux disease treatment
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device to close and constrict the cardia region, lower oesophagus or upper part of
the stomach to prevent leakage of acid up into esophagus, when said second
vaive member is in said first position, and to open the reflux disease treatment
device, so that the patient is able to swallow food, when said second valve

member Is in said second position.

128. An apparatus according to claim 22, wherein said pump is adapted
to pump liquid in a hydraulically operated obesity treatment device for restricting
the cardia region, lower oesophagus or upper part of the stomach and adapted to
be implanted in the patient's body, said second plane surface of said second valve
member is adapted to slide on said first plane surface of said first valve member
between a first position, in which said pump is hydraulically connected to a first
channel of said liquid channels, and a second position, in which said pump is
hydraulically connected to a second channel of said liquid channels, said first and
second channels are adapted to be hydraulically connected to the obesity
treatment device, said first and second plane surfaces have a smoothness such
that they form a liquid seal as they touch each other, and said pump is able to
hydraulically operate the obesity treatment device to increase the restriction of the
cardia region, lower oesophagus or upper part of the stomach to restrict food
Intake, when said second valve member is In said first position, and to decrease
the restriction of the obesity treatment device, so that the patient is able to

Increase food intake, when said second valve member is in said second position.

129. An apparatus according to claim 22, wherein said pump is adapted
to pump liquid in a hydraulically operated hydrocephalus treatment device
Including a liquid conduit adapted to be positioned between the liquid room in the
patient’s brain and the abdominal cavity, said second plane surface of said second
valve member is adapted to slide on said first plane surface of said first valve
member between a first position, in which said pump is hydraulically connected to
a first channel of said liquid channels, and a second position, in which said pump
IS hydraulically connected to a second channel of said liquid channels, said first
and second channels are adapted to be hydraulically connected to the
hydrocephalus treatment device, said first and second plane surfaces have a

smoothness such that they form a liquid seal as they touch each other, and said
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pump Is able to hydraulically operate the hydrocephalus treatment device to
distribute liquid between the liquid room in the brain and the abdominal cavity,
when said second valve member Is in said first position, and to prevent the
hydrocephalus treatment device from distributing liquid between the liquid room in

the brain and the abdominal cavity, when said second valve member is in said

second position.

130. An apparatus according to claim 22, wherein said pump is adapted
to pump liquid in an implantable hydraulically operated ascites treatment device
including a liquid conduit between the abdominal cavity and the vein and/or
lymphatic system in the patient’s body, said second plane surface of said second
valve member is adapted to slide on said first plane surface of said first valve
member between a first position, in which said pump is hydraulically connected to
a first channel of said liquid channels, and a second position, in which said pump
IS hydraulically connected to a second channel of said liquid channels, said first
and second channels are adapted to be hydraulically connected to the ascites
treatment device, said first and second plane surfaces have a smoothness such
that they form a liquid seal as they touch each other, and said pump is able to
hydraulically operate the ascites treatment device to distribute liquid from the
abdominal cavity into the vein and/or lymphatic system of the patient’s body, when
said second valve member is in said first position, and to prevent the ascites
treatment device from distributing liquid from the abdominal cavity, when said

second valve member is in said second position.

131. An apparatus according to claim 22, wherein said pump is adapted
to pump liquid in an implantable hydraulically operated intestinal stomy treatment
device including a constriction device for constricting the patient’s intestine to
prevent accidental discharge of fecal matter and for releasing the intestine to allow
discharge of fecal matter, said second plane surface of said second valve member
IS adapted to slide on said first plane surface of said first valve member between a
first position, in which said pump is hydraulically connected to a first channel of
said liquid channels, and a second position, in which said pump is hydraulically
connected to a second channel of said liquid channels, said first and second

channels are adapted to be hydraulically connected to the intestinal stomy
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treatment device, said first and second plane surfaces have a smoothness such
that they form a liquid seal as they touch each other, and said pump is able to
hydraulically operate the intestinal stomy treatment device to close and constrict
the intestine to prevent leakage of fecal matter out from the body via the intestinal
stomy, when said second valve member is in said first position, and to open the
Intestinal stomy treatment device to allow the patient to defecate, when said

second valve member is in said second position.

132. An apparatus according to claim 22, wherein said pump is adapted
to pump liquid in an implantable hydraulically operated intestinal disease
treatment device including a constriction device for constricting the patient’s
Intestine to prevent accidental discharge of fecal matter and for releasing the
intestine to allow discharge of fecal matter, the patient being operated with
reduction of intestinal length and the intestine still being connected to the normal
anal outlet for discharge of fecal matter, said second plane surface of said second
valve member is adapted to slide on said first plane surface of said first valve
member between a first position, in which said pump is hydraulically connected to
a first channel of said liquid channels, and a second position, in which said pump
Is hydraulically connected to a second channel of said liquid channels, said first
and second channels are adapted to be hydraulically connected to the intestinal
disease treatment device, said first and second plane surfaces have a
smoothness such that they form a liquid seal as they touch each other, and said
pump Is able to hydraulically operate the intestinal disease treatment device to

close and constrict the intestine to prevent leakage of fecal matter out from the

body via the anal opening, when said second valve member is in said first
position, and to open the intestinal disease treatment device to allow the patient to

defecate, when said second valve member is in said second position.

133. An apparatus according to claim 22, wherein said pump is adapted
to pump liquid in an implantable hydraulically operated intestinal disease
treatment device including a constriction device for constricting the patient’s
Intestine to prevent accidental discharge of fecal matter and for releasing the
Intestine to allow discharge of fecal matter, the patient being operated with

reduction of intestinal length and the intestine being connected to either the
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normal anal outlet for discharge of fecal matter and/or the intestine being
connected to a stomy outlet for discharge of fecal matter, said second plane
surface of said second valve member is adapted to slide on said first plane
surface of said first valve member between a first position, in which said pump is
hydraulically connected to a first channel of said liquid channels, and a second
position, in which said pump is hydraulically connected to a second channel of
said liquid channels, said first and second channels are adapted to be
hydraulically connected to the intestinal disease treatment device, said first and
second plane surfaces have a smoothness such that they form a liquid seal as
they touch each other, and said pump is able to hydraulically operate the intestinal
disease treatment device to pump fecal matter out from the body via an intestinal
stomy and/or the anal opening, when said second valve member is in said first
position, and to prevent the intestinal disease treatment device from discharging

fecal matter, when said second valve member is in said second position.

134. An apparatus according to claim 22, wherein said pump and valve
device are incorporated in a valve pump assembly adapted to be implanted in the
heart or vascular system of a patient’s body to help the heart to pump blood to
prevent heart insufficiency, said second plane surface of said second valve
member is adapted to slide on said first plane surface of said first valve member
between a first position, in which said pump is hydraulically connected to a first
channel of said liquid channels, and a second position, in which said pump is
hydraulically connected to a second channel of said liquid channels, said first and

second plane surfaces have a smoothness such that they form a liquid seal as

they touch each other, and said first and second channels are adapted to connect
to the patient’s artery system such that said pump pumps the blood, when said
second valve member is in said first position, and sucks the blood, when said

second valve member is in said second position.

FETHERSTONHAUGH & CO.
OTTAWA, CANADA

PATENT AGENTS
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