wO 2009/096852 A1 |10V 00 OO0 O OO 0

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization
International Bureau

(43) International Publication Date
6 August 2009 (06.08.2009)

PO 0 R

(10) International Publication Number

WO 2009/096852 Al

(51) International Patent Classification:
A6IM 1/00 (2006.01) AG61F 2/04 (2006.01)
A6IM 5/00 (2006.01)

(21) International Application Number:

PCT/SE2009/000037
(22) International Filing Date: 28 January 2009 (28.01.2009)
(25) Filing Language: English
(26) Publication Language: English

(30) Priority Data:
61/006,711 28 January 2008 (28.01.2008) US

(71) Applicant (for all designated States except US): MILUX
HOLDING SA [LU/LU]; 6 rue Guillaume Schneider,
1.-2522 Luxembourg (LU).

(72) Inventor; and
(75) Inventor/Applicant (for US only): FORSELL, Peter
[SE/CH]; Aegeristrasse 66, CH-6300 Zug (CH).

(74) Agent: BERGENSTRAHLE & LINDVALL AB; Box
17704, S-118 93 Stockholm (SE).

(81) Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,
AOQ, AT, AU, AZ,BA, BB, BG, BH, BR, BW, BY, BZ, CA,
CH, CN, CO, CR, CU, CZ, DE, DK, DM, DO, DZ, EC, EE,
EG, ES, FI, GB, GD, GE, GH, GM, GT, HN, HR, HU, ID,
1L, IN, IS, JP, KE, KG, KM, KN, KP, KR, KZ, LA, LC, LK,
LR, LS, LT, LU, LY, MA, MD, ME, MG, MK, MN, MW,
MX, MY, MZ, NA, NG, NI, NO, NZ, OM, PG, PH, PL, PT,
RO, RS, RU, SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TJ,
™™, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM,
ZW.
(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI,
FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV, MC, MK,
MT, NL, NO, PL, PT, RO, SE, SI, SK, TR), OAPI (BE, BJ,
CF, CG, CI, CM, GA, GN, GQ, GW, ML, MR, NE, SN,
TD, TG).

[Continued on next page]

(54) Title: AN IMPLANTABLE DRAINAGE DEVICE

Fig.33

123

(57) Abstract: An implantable drainage device is pro-
vided. The device is adapted to move body fluid from
one part of the body of a patient to another part of the
body.



WO 2009/096852 A1 |00 00 0800100001000 0 0

Published:
—  with international search report



10

15

20

25

WO 2009/096852 PCT/SE2009/000037

An implantable drainage device

TECHNICAL FIELD

The present invention relates to a method and a device for draining body fluid.

BACKGROUND
Body fluid drains are used at so-called drainage sites for draining fluids from cavities in a
patient's body, typically during and after surgical procedures. The drainage site may be a

natural body cavity or orifice or may be surgically formed.

The drain device used for draining fluid from the body typically comprises a tube extending
from the treatment area within the body through the skin of the patient and ending in a
manual pump located outside the body. The pump is associated with a reservoir for storing
the drained fluid. The reservoir is then emptied at suitable time intervals by manually

compressing the reservoir.

A drain can be required for shorter or longer periods of time depending on the condition for
which the drain is used. In particular when the drain is used for a longer period of time the
drains existing today are cumbersome to use and impractical for the patient who is required

to move the drain with him/her when moving around.

Also, US 7195,608 describes a drainage device for moving fluid to the urine bladder.

Hence, there exists a need for a drain that is less cumbersome to use and which enables a

patient to more easily move around while still being attached to the drain.

SUMMARY
It is an object of the present invention to overcome or at least reduce some of the problems

associated existing drainage devices
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It is another object of the present invention to provide a drainage device that enables a

patient to more easily move around while still being attached to the drain.

It is yet another object to provide a drainage device that is more user-friendly and which

does not require manual monitoring.

These objects and others are obtained by the method, apparatus, device and system as set
out in the appended claims. Thus, by providing an implantable drain adapted to move body
fluid from one part of the body to another part of the body, a drainage device that which is
completely implanted and which does not have any mechanical structure penetrating

through the skin of the patient is obtained.

The apparatus for drainage of a body fluid in a human or mammal patient in accordance
with the present invention comprises a drainage device for pumping body fluid. The
drainage device is powered by an energy source and may be powered by any suitable means
such as an electrical or a hydraulic motor. At least one connecting tube is connected to the
drainage device so that the drainage device and the tube form a drainage arrangement. The
drainage arrangement is adapted to be implanted inside the body of the patient, and placed
so that the tube interconnects one part of the body with another part of the body and where
drainage device is adapted to suck body fluid from the one part of the body via the tube to
the other part of the body. Hereby an implantable drainage device is obtained which can
pump body fluid from a treatment area to another part of the body where the fluid can be

absorbed and transported out from the body in a normal way.

In accordance with one embodiment a drainage device is provided with a pump comprising
a bellow having an inlet with an inlet return valve and an outlet with an outlet return valve.
In addition a spring may be adapted to move the bellow to expand to suck from the inlet,

and a motor may be adapted to compress the bellow and move fluid out via the outlet
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thereby pre-tensioning the spring. The motor is advantageously adapted to repeat the
compression at suitable time intervals whereby the drainage device is enabled to repeat the
sucking and moving of fluid to substantially constantly suck fluid when not moving fluid to
the other part of the body. In one embodiment of the present invention the motor is adapted
to compress and decompress the bellow with or without the use of a spring force in a
repeated pattern. Hereby a substantially constant drain of the drained area is obtained

without any manual interaction.

The implantable drainage device in accordance with the present invention can be used to
move body fluid between different parts of the body depending on the type of body fluid
being drained. For example and without limitation the drainage device can be adapted to
drain urine from the urine accumulating renal part of the kidney, and moving the urine via at
least one tube to the urine bladder. The drainage device can also be adapted to drain liquid
from the hydrocephalus in the brain area, and moving it to the abdomen. The drainage
device can also be adapted to drain liquid from ascites in the abdomen, and moving it to the-
lymphatic system of the body. Also, the drainage device can also be adapted to drain liquid

from the thoraxial cavity, and moving the liquid to the abdomen.

Depending on the type of treatment and where the body fluid is sucked from and to where in
the body the fluid is delivered the tubes used may be shaped to suit the particular treatment.

The motor powering the drainage device can be provided with an energy source that is
chargeable from outside the body. For example, the energy source of the motor may
comprise an internal energy source and external energy source transmitting wireless energy
and further comprising an energy transmitter transmitting wireless energy from the external
energy source to charge said internal energy source. The energy can be transferred to the
internal energy source for example by inductive manner using a coil. Energy can also be

transferred using a non-inductive mechanism such as via ultra sound or by way of light.
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Hereby there is no need for surgery when the energy source of the motor needs to be
recharged. In addition the apparatus can further be adapted to send feedback information
from inside the body to-the outside thereof to give feed back related to any functional
parameter of the device or a physical parameter of the patient. The functional and or
physical parameter(s) of the device can be correlated to the transfer of energy for charging
the internal energy source whereby the energy transfer can be regulated. Also the drainage
device can be adapted to non-invasively have any of its functions regulated by an energy

transmitter

In order to prevent or remove a possible occlusion in the tube the drainage device can be
provided with a backward release member adapted to generate a backward pressure of fluid
or air in the tube for removing or preventing a possible occlusion in the tube. The backward
pressure is preferably repeatedly according to a predetermined time schedule. In accordance
with one embodiment the release member comprises a pre-pressurized reservoir of air and a
valve adapted to release a puff of air in the tube. In accordance with another embodiment
the pump is adapted to move fluid or air in the tube in the reversed direction thereby
creating a reverse flow for prevent or remove a possible occlusion in the tube. In accordance
with yet another embodiment a reservoir of the drainage is pre-pressurized by the pump, and
a valve of the device is adapted to release a puff of fluid or air in the tube extending from

the pre-pressurized reservoir when the pressure has reached a predetermined level.

The implantable device in accordance with the present invention can be placed within the
body of a patient at a suitable location depending on the particular treatment. For example
and without limitation the implantable drainage device may be placed subcutaneously via

surgery or be placed in the abdomen.

In accordance with one embodiment the drain device comprises a subcutaneous switch,
which is adapted to manually and non-invasively control any function of the drainage

device. In accordance with another embodiment the further comprises a hydraulic device,
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comprising a hydraulic reservoir, wherein the drainage device is adapted to non-invasively
be regulated by manually pressing the reservoir. In yet another embodiment the device
comprises a wireless remote control, wherein the drainage device is adapted to non-

invasively have any of its functions regulated by the remote control.

In accordance with one embodiment the device according to the present invention may be
provided with a sensor sensing a physical parameter of the patient and/or a sensor sensing a
functional parameter of the drainage device. Also there may be provided an internal control
unit acting in response to a sensor sending information. In one embodiment the sensor is a
pressure sensor. The control unit may provide control signals to an operation device which

acts to move fluid within the drainage.

The device according to the present invention can be regulated in various ways. For
example any function of the device is regulated from outside the human or mammal body.
In accordance with one embodiment the regulation is performed by manually pressing a

subcutaneous switch or a reservoir or using a remote control or using an energy transmitter.

The invention also extends to a method of implanting and operating the device. The method
comprises the steps of:

- implanting a source of energy in the patient,

- providing an external source of energy,

- controlling the external source of energy to release wireless energy,

- charging non-invasively the implanted source of energy with the wireless energy,

- controlling the implanted source of energy from outside the patient’s body, and

- releasing energy for use in connection with the operation of the drainage device.

The method may additionally comprise the steps of
placing at least one connecting tube connected to said drainage device in the specific

treatment area in the human or mammal body,
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sucking body fluid from one part of the body, through the tube,
supplying energy to said drainage device from said energy source, and

moving fluid to another part of the body, using power from said energy source

The present invention also extends to an operation method for surgically implanting the
device in accordance with the present invention in a patient, comprising the steps of:
cutting the skin,

dissecting a treatment area

dissecting a placement area

placing the drainage device in the placement area, and

placing the tube leading from the placement area to the treatment area

In accordance with a method for treating a patient needing drainage of an area in the body,
the following steps may be performed;

cutting an opening in the abdominal wall

dissecting the at least two intended areas

placing a drainage device and at least one tube in the dissected areas

suturing the abdominal wall.

In accordance with a method for implanting a drainage device the following steps may be
performed:

inserting a needle like tube into the abdomen of the patients body,

using the tube to fill the abdomen with gas thereby expanding the abdominal cavity,
placing at least two laparoscopic trocars in the patient’s body,

inserting a camera through one of the trocars into the abdomen,

inserting at least one dissecting tool through a trocar and dissecting at two intended areas of
the patient,

placing at least one drainage device in the abdomen.
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In accordance with a method for implanting a drainage device the following steps may be
performed:

cutting the skin,

dissecting an area around the renal part of the kidney area

dissecting a placement area where to place an implantable drainage device inside the
abdomen or retroperitoneal or subcutaneously

dissecting a delivery area around the urine bladder

placing the implantable drainage device in the placement area

placing a tube leading from the placement area to the renal kidney

placing a second tube leading from the placement area to the urine bladder.

In accordance with a method for implanting a drainage device the following steps may be
performed:

cutting the skin,

dissecting an area in the brain

dissecting a placement area where to place an implantable drainage device inside the
abdomen or retroperitoneal or subcutaneously

dissecting a delivery area in the abdomen

placing the implantable drainage device in the placement area

placing a tube leading from the placement area to the brain

placing a second tube leading from the placement area to the abdomen.

In accordance with a method for implanting a drainage device the following steps may be
performed: |

cutting the skin,

dissecting an area in the abdomen

dissecting a placement area where to place an implantable drainage device inside the
abdomen or retroperitoneal or subcutaneously

dissecting a delivery area around the lymphatic system
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placing the implantable drainage device in the placement area
placing the tube leading from the placement area to the abdomen

placing a second tube leading from the placement area to the lymphatic system.

In accordance with a method for implanting a drainage device the following steps may be
performed:

cutting the skin,

dissecting an area in the thorax

dissecting a placement area where to place an implantable drainage device inside the
abdomen or thorax or retroperitoneal or subcutaneously

dissecting a delivery in around the abdomen

placing the implantable drainage device in the placement area

placing the tube leading from the placement area to the thorax

placing a second tube leading from the placement area to the abdomen.

In accordance with one embodiment a method of securing a connecting tube for use in an
implantable device is provided. The tube is adapted to move body fluid from one part of the
body, via the at least one connecting tube to another part of the body, the connecting tube
having a distal end adapted to be located in the bladder of the human or mammal patient for
drainage of a body fluid from a treatment area of the human or mammal patient into the
bladder, the method comprising the steps of:

- opening a hole in the bladder,

- placing the end of the tube in the bladder.

- securing the tube on the outside of the bladder by invaginating the tube using sutures or
staples, thus creating a tunnel around the tube, wherein said tube comprising a net material
secured to said tube, the further method comprising,

placing the net material in connection to the opening of the invaginated tunnel, and

securing the net material to the outside of the bladder.
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The bladder can be the urine bladder or the peritoneum. The same method can also be used

for securely fastening a tube into other organs.

In accordance with one embodiment a tube adapted to be inserted in a luminal or bladder
organ of a patient, said tube adapted to enter said organ in a tube passageway. The tube
comprises a combined securing and sealing device adapted for long term closing of the tube
passageway and for long term securing the tube onto an organ. The combined securing and
sealing device can comprise a patch comprising a net mounted onto the tube. The net can be
adapted to a seal of overgrowth of human fibrotic tissue over the whole net and the patched
part of said organ, thereby completely sealing said net and attaching said net to said organ,
thus sealing around said tubular passageway. In accordance with one embodiment a net
structure is provide with openings less than 2,5 mm, preferable 0,5 mm, to allow said tissue

overgrowth.

According to one embodiment there is provided a cleaning device for removing clots and
particles from the fluid passing through the drainage device. In accordance with one
embodiment there is also provided a cleaning device for cleaning the filter. One possibility

is to clean the filter mechanically.

The cleaning device preferably is adapted to move particles away from the passageway to a
place free inside the patient’s body, where the body itself will take care of the particles, such

as clots.

Alternatively, a collecting volume, such as a bag, is provided for collecting particles that
have been mechanically cleaned from the filter. Most likely such a bag will then be placed
inside the body.



10

15

20

25

WO 2009/096852 PCT/SE2009/000037
10

In a preferred embodiment, the cleaning device is adapted to slice, push or scratch away any

particles from the filter, but the cleaning device can also suck away any particles from the
filter.

In one embodiment, the cleaning device comprises a first piston, with preferably is provided
with a first recess in an outer end portion thereof to collect particles and clots removed from
the filter. By providing the first piston with a plurality of channels for accommodating the
filter in an extended position of the first piston, it can surround the filter, ensuring
essentially complete removal of particles therefrom. This is preferably performed if the first

piston is movable in a direction perpendicular to the direction of the flow passageway.

The movement of the first piston can be controlled by a source of pressurized air, ensuring
rapid acceleration of the first piston and thereby short cleaning cycles. The movement of the

first piston can alternatively be controlled by an electric motor, a solenoid or the like.

The filter can in one embodiment be made of biocompatible material in order to avoid

unnecessary interference with the environment.

In one embodiment, a second piston is provided across the flow passageway from the first
piston, wherein the second piston is movable in a direction essentially perpendicular to the
direction of the flow passageway and spring biased in the direction of the first piston. If an
outer end portion of the second piston is provided with a second recess, the first piston and
the second piston cooperate to catch particles for further removal. This further removal can
be accomplished by means of a third piston, which is movable in a direction perpendicular
to both the direction of the flow passageway and the direction of movement of the first

piston and of the second piston.
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In a preferred embodiment, the flow passageway of the cleaning device has an essentially
square cross-sectional shape, which provides for a laminated flow, particularly if the square

shape is combined with a filter comprising parallel strips.

The system can comprise a switch, preferably a subcutaneous switch being adapted to
manually and non-invasively control any function of the cleaning device.

According to one embodiment there is provided a filter for removing clots and particles
from the fluid passing through the drainage device. The filter can be powered by a suitable
energy supply thereby providing an active filter. In accordance with one embodiment there
is provided a powered cleaning device for cleaning the filter. One possibility is to clean the
filter mechanically. In accordance with one embodiment the active filter is obtained by
periodically changing the filter. The filter can be powered by any suitable energy source. In
particular the same energy source used for the pump used for moving fluid through the
drainage device can be used to power the active filter. By providing an active filter the filter
can be cleaned a suitable times thereby reducing the risk that the filter will be clogged. The
way of achieving a clean filter can either be by cleaning the filter while in place or by
cleaning it while not in position. If the filter is cleaned while not in position in the fluid
passageway of the drain, the drain can either be stopped while cleaning the filter or by

replacing the filter with another filter.

In one embodiment a cassette of filter is provided. When a filter risks being clogged, the
filter is replaced by another filter in the cassette. The used filter can then either be disposed

of or be cleaned for later reuse.

In one embodiment the cassette is formed by a revolving cylinder comprising a number of
filters. When the cylinder revolves on step a new filter is placed in the passageway of the

drain.
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The cleaning device preferably is adapted to move particles away from the passageway to a
place free inside the patient’s body, where the body itself will take care of the

particles/clots.

The system for removing particles preferably comprises a hydraulic device having a
hydraulic reservoir, wherein the cleaning device is adapted to non-invasively be regulated

by manually pressing the hydraulic reservoir.

A wireless remote control can non-invasively regulate any function of the cleaning device.

Even more important any function of the device may be programmable by such a remote

control.

Also, a wireless energy transmitter can non-invasively energize the cleaning device. In one
embodiment the same energy source is used for the pump of the drainage device and to

power the cleaning device.

The system preferably comprises a feedback device for sending information from inside the
patient’s body to the outside thereof to give feedback information related to at least one
functional parameter of the device or a physical parameter of the patient, thereby optimizing

the performance of the system. One preferred functional parameter of the device is

correlated to the transfer of energy for charging the internal energy source.

The system preferably comprises an operation device for operating the cleaning device. This
operation device can comprise a motor or a pump, an electrically powered operation device,

a hydraulic operation device, or an electric motor.



10

15

20

25

WO 2009/096852 PCT/SE2009/000037
13

To improve the performance of the system for removing particles, a physical parameter
sensor, such as a pressure sensor, is provided for sensing a physical parameter of the patient.

An internal control unit can act in response to the physical parameter sensed by the sensor.

A functional parameter sensor sensing a functional parameter of the cleaning device can
also be provided. An internal control unit acting in response to the functional parameter

sensed by the sensor can also be provided.

A method of using the system is also provided, wherein at least one function of the cleaning
device is regulated from outside the patient’s body. The regulation is in a preferred
embodiment non-invasively by manually pressing a subcutaneous switch. In an alternative
embodiment, non-invasively regulation is performed by manually pressing a hydraulic

reservoir connected to the cleaning device.

Alternatively, the cleaning system comprises a wireless remote control, wherein non-

invasively regulation is performed using said remote control.

In a preferred embodiment, the cleaning system for removing particles comprises a wireless
energy transmitter, wherein non-invasively regulation is performed using said energy

transmitter.

Preferably, an energy source is used for powering and adjusting any function of the cleaning
device. The energy source may comprise an internal energy source, which preferably is
associated with an external energy source adapted to transmit wireless energy. Energy is
preferably transmitted from the external energy source to charge the internal energy source.
Feedback information is preferably sent from inside the body to the outside thereof to give
feedback related to the functional parameters of the device or physical parameters of the
patient. The functional parameter of the device is correlated to the transfer of energy for

charging the internal energy source.
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In one embodiment, wireless energy is transmitted for powering the operation device.

In a preferred embodiment, the method of using a cleaning system for removing particles
comprises the steps of: implanting an implantable source of energy in the patient, providing
an external source of energy, controlling the external source of energy to release wireless
energy, charging non-invasively the implantable source of energy with the wireless energy,
controlling the implantable source of energy from outside the patient’s body, and releasing
energy for use in connection with operation of the cleaning device. The wireless energy is

preferably stored in the implantable source of energy.

In another preferred embodiment, the method of using a system for removing particles
comprises the steps of: providing an external source of energy outside the patient’s body,
and controlling the external source of energy from outside the patient’s body to release
wireless energy, and using released wireless energy for operating the operation device. The
wireless energy is preferably transformed into electrical energy inside the patient’s body
using an implanted energy-transforming device and using the electrical energy when

operating the cleaning device.

In one embodiment, the electrical energy is used directly in connection with operation of the
cleaning device, as a transforming device transforms the wireless energy into the electrical

energy.

In another embodiment, the external source of energy is controlled from outside the
patient’s body to release non-magnetic wireless energy, and released non-magnetic wireless

energy is used for operating the cleaning device.

In yet an alternative embodiment, the external source of energy is controlled from outside
the patient’s body to release electromagnetic wireless energy, and released electromagnetic

wireless energy is used for operating the cleaning device.
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The invention also extends to a method for placing a cleaning device, comprising a surgical
method via a laparoscopic abdominal approach. The method comprises the steps of:
inserting a needle or tube like instrument into the abdomen of the patient’s body, using the
needle or tube like instrument to fill the patient’s abdomen with gas thereby expanding the
patient’s abdominal cavity, placing at least two laparoscopic trocars in the patient’s body,
inserting a camera through one of the trocars into the patient’s abdomen, inserting at least
one dissecting tool through a trocar and dissecting the intended placement area of the

patient, placing at least one cleaning device in any part of an implantable drainage device.

Further preferred embodiments are defined by the dependent claims.

BRIEF DESCRIPTION OF THE DRAWINGS
The present invention will now be described in more detail by way of non-limiting

examples and with reference to the accompanying drawings, in which:

- Figs. 1a and 1b are views of an implantable drainage device in accordance with a first
embodiment,

- Fig. 2 is a view of an implantable drainage device in accordance with a second
embodiment, and

- Fig. 3 is a flowchart illustrating different steps performed when implanting an implantable
drainage device.

- Fig. 4 is a sectional view of a cleaning device according to the invention.

- Fig. 5 is a cross sectional view of the cleaning device of Fig. 4 taken along the line III-II1
before a cleaning operation.

- Fig. 6 is a sectional view of the cleaning device of Fig. 4 taken along the line IV-IV.

- Fig. 7 is a sectional view similar to that of Fig. 4 showing particles before a cleaning
operation.

- Fig. 8 is a sectional view similar to that of Fig. 4 during a first step of a cleaning operation.
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- Fig. 9 is a sectional view similar to that of Fig. 4 during a second step of a cleaning
operation.

- Fig. 10 is a sectional view similar to that of Fig. 4 during a third step of a cleaning
operation.

- Fig. 11 is a cross sectional view similar to that of Fig. 5 during a cleaning operation.

- Fig. 12 is a sectional view of the cleaning device of Fig. 10 taken along the line X-X
showing a cleaning ejection piston before ejection of particles. |

- Fig. 13 is a view similar to that of Fig. 11 but after ejection of particles.

- Fig. 14 is a schematic diagram of a cleaning system.

- Figs. 15 - 30 show various embodiments based on the system of Fig. 14.

- Fig. 31 is a view of an alternative embodiment of a cleaning system.

- Fig. 32 is a general view of an implanted drainage system in a patient.

- Fig. 33 is a detailed view of a drainage system.

- Figs. 34a — 34d are views of exemplary designs of tube ends for different treatment areas.
- Fig. 35 is a view of a securing arrangement for securing a tube end in a bladder, such as
the urine bladder.

- Fig. 36a is a circuit diagram showing an energy transfer amplifier, where the energy is
transferred by ultrasonic waves.

- Fig. 36b’, 36b”’ is a circuit diagram showing further another embodiment of an amplifier.
- Fig. 36¢-d are graphs showing different waveforms of signals in the amplifier of the
ultrasonic embodiment.

- Fig. 37 is general view of an implanted drainage apparatus with a filter in a patient.

- Fig. 38 is a detailed view of a powered filter.

- Figs. 39a and 39b are views of a filter cassette.

- Figs. 40a and 40b are views of a filter cassette.
DETAILED DESCRIPTION

In Figs.1a and 1b views illustrating an implantable drainage device 100 are shown. The

device 100 comprises a bellow 101 adapted to move between a compressed position in

SUBSTITUTE SHEET (RULE 26)
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which the bellow has a small inside volume and an expanded position in which the bellow
has a larger inside volume. The view in Fig. 1a shows the bellow in a compressed position

and the view in Fig. 1b shows the bellow in an expanded position.

The device 100 further comprises a member such as screw 103 adapted to compress the
bellow 101. The screw 103 is accordance with one embodiment driven by a motor 105. The
motor may many type of suitable motor including but not limited an electrical motor and a
hydraulic motor. In accordance with one embodiment the motor is associated with a clutch

107 for regulating the power applied to the screw 103.

The inside of the bellow 101 is adapted receive and eject body fluid. The body fluid enters
the bellow via an inlet 109 when the bellow expands. The fluid exits the bellow 101 via an
outlet 111 when the bellow is compressed. In order for the fluid to only enter the bellow via
the inlet when the bellow expands, a valve 113 is provided to prevent fluid to enter via the
outlet 111 during the expansion phase. Similarly, the valve 113 is adapted to prevent fluid to
exit via the inlet 109 when the bellow is compressed. The valve 113 is controlled by a

control member 115 such as a solenoid.

The inlet and outlet are shaped to have tubes (not shown) fitted thereon. The tube connected
to the inlet is preferably shaped and adapted to be placed in a treatment area from which
body fluid is to be removed. The tube connected to the outlet is preferably shaped and
adapted to be placed in a delivery area to which body fluid is to be moved from the

treatment area.

During operation the device is adapted to compress the bellow in a compression phase
during which fluid is ejected from the device 100 via the outlet tube to the delivery area for
example by driving the motor to drive the screw. In a preferred embodiment a spring 117 is
also compressed during the compression phase. During operation the device is further

adapted to expand the bellow in an expansion phase during which fluid is sucked into the
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device 100 via the inlet tube from the treatment area for example by driving the screw in the
opposite direction. In a preferred embodiment the spring 117 drives the bellow to expand
during the expansion phase. When treating a patient the compression phase and expansion
phase are continuously repeated whereby body fluid is removed from the treatment area to

the delivery area.

In Fig 2 the device 100 is shown as supplemented with a control unit 119 for controlling the
operation of the device 100. The control unit 119 can receive and transmit signals for a
remote unit 121. The unit 121 is typically located outside the body when the device 100 is
implanted inside a patient. In addition the device can be provided with a chargeable power
source 123 connected to the motor. The power source 123 is adapted to receive wireless
power from a second power source 125 which typically is located outside the patient when
the implantable device 100 is implanted in a patient. Hereby the power source 123 can be
recharged at suitable time intervals thereby removing the need for replacing the power

source.

In order to prevent or remove a possible occlusion in the tube the drainage device can be
provided with a backward release member 126 adapted to generate a backward pressure of
fluid or air in the tube fof removing or preventing a possible occlusion in the tube. The
backward pressure is preferably repeatedly according to a predetermined time schedule. In
accordance with one embodiment the release member comprises a pre-pressurized reservoir
of air and a valve adapted to release a puff of air in the tube. In accordance with another
embodiment the device 100 is adapted to move fluid or air in the tube in the reversed
direction thereby creating a reverse flow for prevent or remove a possible occlusion in the
tube. This can for example be obtained by controlling the valve 113 to a reversed more of
operating so that fluid exits the device 100 via the inlet. In accordance with yet another
embodiment a reservoir of the drainage is pre-pressurized by the pump, and a valve of the
device is adapted to release a puff of fluid or air in the tube extending from the pre-

pressurized reservoir when the pressure has reached a predetermined level.
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In Fig. 3 a flowchart illustrating step performed when implanting the device 100 in a patient.
First in a step 301 the skin is cut at locations corresponding to the location where the device
is to be placed and where the tubes leading to and from the device are going to be placed.
Next, in a step 303 the area from which body fluid is to be removed, the treatment area is
dissected. Then, in a step 305, the area to which body fluid is to be moved, the delivery area,
is dissected. Thereupon, in a step 307, the area where the device is to be placed, the
placement area is dissected, if the placement area is different from the treatment area and
the delivery area. Next, in a step 309 the device is placed in the placement area and the
tubes extending between the device and the treatment area and the delivery area are put into

place in steps 311 and 313, respectively.

In accordance with one embodiment a cleaning device 10 is inserted in the flow passageway

from the treatment area to where the fluid is moved, l.e. the delivery area.

The design of a first preferred embodiment of a cleaning device 10 will now be described in
detail, with reference to Figs. 4-6. Fig. 4 shows a sectional view wherein the cleaning device
10 is provided in the flow passageway provided by a tube 2b. A filter 12 is provided across
the flow passageway 14 formed in a housing 11 with the function of stopping particles
brought forward in tube 2b by the flow, indicated by arrows in the figure. In this preferred
embodiment, the filter 12 comprises a plurality of preferably equally spaced strips 12a of
some suitable material, such as biocompatible metal or plastic. These strips 12a are

preferably arranged mutual parallel.

The distance between two adjacent strips is small enough to stop any particles larger than
some predeterfnined size. In accordance with one embodiment the distance is less than 2
millimeters, and even less than 1.0 millimeters. Also for some applications the distance
could be larger. The flow passageway 14 can have an essentially square cross-sectional

shape or can it can take any suitable shape, such as rectangular or circular.
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By providing a plurality of strips 12a as a filter across the flow passageway 14, a laminar
flow is achieved downstream of the filter, which is can be advantageous. The flow
configuration can be further enhanced by giving the plurality of strips 12a a desired cross-
sectional shape, although the rectangular shape shown in Fig. 6 will be adequate for most

purposes.

A first piston 16 is provided movable in a direction essentially perpendicular to the direction
of the flow passageway 14, i.e., essentially perpendicular to the direction of the flow. This
first piston 16 is driven by some suitable actuator means, such as pressurized air, a solenoid
arrangement, an electrical servo motor or the like. A motor could be used to build up a
stored power that could be released very fast, one example being a spring. In a preferred
embodiment, pressurized air acts as the actuator means, since by latching the piston by
means of a suitable latching means for the piston, building up the air pressure, and
subsequently releasing the piston, very high speed of the piston is achieved, with enables

short cleaning times of the filter.

The outer end portion of the first piston 16, i.e., the end portion facing the flow passageway
14, is essentially flush with the wall of the flow passageway in a non-active state of the
cleaning device 10. Also, the outer end portion is provided with a concave portion or recess
16a (exaggerated in the figures) in order to act as a particle capturing means, as will be

explained below.

The strike range of the first piston 16 is preferably such that it extends all way across the
flow passageway 14, as will be explained below with reference to Figs. 7-10. A number of
channels 16b corresponding to the number of strips 12a is provided in the first piston 16 to

accommodate the strips when the first piston is in an extended position.
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The first piston 16 is also provided with a plurality of through holes 17 in the direction of
the flow passageway. These through holes will allow a flow through the flow passageway

also during a cleaning operation, as will be explained below with reference to Fig. 11.

A second piston 18 is provided across the flow passageway 14 from the first piston 16. Also
this second piston 18 is movable in a direction essentially perpendicular to the direction of
the flow passageway 14 and is biased in the direction thereof by means of a spring 18a, for
example. Likewise, the outer end portion of the second piston is provided with a recess 18b

similar to the recess 16a of the first piston 16.

The first and second pistons 16, 18, are sealed to the housing 11 by means of a respective

sealing 20, such as an O sealing.

A preferred embodiment of a cleaning method according to the invention will now be
described with reference to Figs. 7-10, showing different operational steps of the above-
described device. Fig. 7 is a view similar to that of Fig. 4. However, this figure shows the
cleaning device 10 during operation, wherein particles, generally designated 22, have

assembled on the filter 12.

In Fig. 8, the first piston 16 has moved linearly from the retracted starting position shown
Fig. 7 to an extended position, wherein the outer end portion thereof is in contact with the
second piston 18. Due to the recess 16a in the outer end of the first piston 16, the particles
22 have been assembled in the recess 16a, whereby they have been brought with the first
piston 16 during the movement thereof. In the step shown in Fig. 8, the particles are

confined in the recess 16a between the first and second pistons 16, 18.

By moving the first piston 16 an additional distance from the position shown in Fig. 8, the
second piston 18 is pushed against the force of the spring 18a to a fully retracted position,

see Fig. 9. The plurality of strips 12a is in this position fully received in a respective channel
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16b in the first piston. It is seen that the outer ends of the first and second pistons define an
unobstructed cavity in which the particles are confined. It is thereby possible to remove
these by some suitable means. One such means could be a third piston 24, which is movable
in a direction perpendicular to both the direction of the flow passageway 14 and the
direction of movement of the first and second pistons 16, 18. This third piston, the
movement of which could be controlled by means of pressurized air, a solenoid, an electric
motor etc., scrapes off the particles collected by the first piston 16 and moves them to a

place outside of the cleaning device 10 and the flow passageway 14.

Fig. 11 shows a side view of the first piston 16 in a fully extended position, i.e.,
corresponding to the view of Fig. 10. It is here seen that in this position the through holes 17
will be aligned with the flow passageway 14, thereby allowing a flow therethrough also
during cleaning of the filter 12.

Fig. 12 shows a cross-sectional view taken along line X-X of Fig. 10. It is here seen that the
third piston 24 collects the particles 22 during a downward movement, indicated by an
arrow in the figure. The particles are ejected from the cleaning device 10 when the third

piston 24 has reached its lower end position, shown in Fig. 13.

Again with reference to Fig. 9, it will be realized that pressurized air can be used for
ejecting the collected particles from the cavity formed by the first piston 16 and the second
piston 18.

A cleaning system, generally designated 28 and comprising a cleaning device as described

above will now be described with reference to Figs. 14-26.

A cleaning system is shown in a more generalized block diagram form in Fig. 14, wherein
the patient’s skin 36, generally shown by a vertical line, separates the interior of the patient

to the right of the line from the exterior to the left of the line.
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Fig. 15 shows an embodiment of the invention identical to that of Fig. 14, except that a
reversing device in the form of an electric switch 38 operable by polarized energy also is
implanted in the patient for reversing the cleaning device 10. The wireless remote control of
the external energy transmission device 34 transmits a wireless signal that carries polarized
energy and the implanted energy transforming device 30 transforms the wireless polarized
energy into a polarized current for operating the electric switch 38. When the polarity of the
current is shifted by the implanted energy transforming device 30 the electric switch 38

reverses the function performed by the cleaning device 10.

Fig. 16 shows an embodiment of the invention identical to that of Fig. 14, except that an
operation device 40 implanted in the patient for regulating the cleaning device 10 is
provided between the implanted energy transforming device 30 and the cleaning device 10.
This operation device can be in the form of a motor 40, such as an electric servo motor. The
motor 40 is powered with energy from the implanted energy transforming device 30, as the
remote control of the external energy transmission device 34 transmits a wireless signal to

the receiver of the implanted energy transforming device 30.

Fig. 17 shows an embodiment of the invention identical to that of Fig. 14, except that it also
comprises an operation device is in the form of an assembly 42 including a motor/pump unit
78 and a fluid reservoir 46 is implanted in the patient. In this case the cleaning device 10 is
hydraulically operated, i.e. hydraulic fluid is pumped by the motor/pump unit 44 from the
fluid reservoir 46 through a conduit 48 to the cleaning device 10 to operate the cleaning
device, and hydraulic fluid is pumped by the motor/pump unit 44 back from the cleaning
device 10 to the fluid reservoir 46 to return the cleaning device to a starting position. The
implanted energy transforming device 30 transforms wireless energy into a current, for
example a polarized current, for powering the motor/pump unit 44 via an electric power

supply line 50.
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Instead of a hydraulically operated cleaning device 10, it is also envisaged that the operation
device comprises a pneumatic operation device. In this case, pressurized air can be used for
regulation and the fluid reservoir is replaced by an air chamber and the fluid is replaced by

air.

Fig. 18 shows an embodiment of the invention comprising the external energy transmission
device 34 with its wireless remote control, the cleaning device 10, in this case hydraulically
operated, and the implanted energy transforming device 30, and further comprising a
hydraulic fluid reservoir 52, a motor/pump unit 44 and an reversing device in the form of a
hydraulic valve shifting device 54, all implanted in the patient. The motor of the
motor/pump unit 44 is an electric motor. In response to a control signal from the wireless
remote control of the external energy transmission device 34, the implanted energy
transforming device 30 powers the motor/pump unit 44 with energy from the energy carried
by the control signal, whereby the motor/pump unit 44 distributes hydraulic fluid between
the hydraulic fluid reservoir 52 and the cleaning device 10. The remote control of the
external energy transmission device 34 controls the hydraulic valve shifting device 54 to
shift the hydraulic fluid flow direction between one direction in which the fluid is pumped
by the motor/pump unit 44 from the hydraulic fluid reservoir 52 to the cleaning device 10 to
operate the cleaning device, and another opposite direction in which the fluid is pumped by
the motor/pump unit 44 back from the cleaning device 10 to the hydraulic fluid reservoir 52

to return the cleaning device to a starting position.

Fig. 19 shows an embodiment of the invention identical to that of Fig. 14, except that an
internal control unit 56 controlled by the wireless remote control of the external energy
transmission device 34, an accumulator 58 and a capacitor 60 also are implanted in the
patient. The internal control unit 56 arranges storage of electric energy received from the
implanted energy transforming device 30 in the accumulator 58, which supplies energy to
the cleaning device 10. In response to a control signal from the wireless remote control of

the external energy transmission device 34, the internal control unit 56 either releases
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electric energy from the accumulator 58 and transforms the released energy via power lines
62 and 64, or directly transforms electric energy from the implanted energy transforming
device 30 via a power line 66, the capacitor 60, which stabilizes the electric current, a power

line 68 and the power line 64, for the operation of the cleaning device 10.

The internal control unit is preferably programmable from outside the patient’s body. In a
preferred embodiment, the internal control unit is programmed to regulate the cleaning
device 10 to remove any particles from the drainage device and place the particles outside
the drainage device repeatedly according to a pre-programmed time-schedule.

In accordance with an alternative, the capacitor 60 in the embodiment of Fig. 19 may be
omitted. In accordance with another alternative, the accumulator 58 in this embodiment may

be omitted.

Fig. 20 shows an embodiment of the invention identical to that of Fig. 14, except that a
battery 70 for supplying energy for the operation of the cleaning device 10 and an electric
switch 72 for switching the operation of the cleaning device 10 also are implanted in the
patient. The electric switch 72 is operated by the energy supplied by the implanted energy
transforming device 30 to switch from an off mode, in which the battery 70 is not in use, to

an on mode, in which the battery 70 supplies energy for the operation of the cleaning device

10.

Fig. 21 shows an embodiment of the invention identical to that of Fig. 20, except that an
internal control unit 56 controllable by the wireless remote control of the external energy
transmission device 34 also is implanted in the patient. In this case, the electric switch 72 is
operated by the energy supplied by the implanted energy transforming device 30 to switch
from an off mode, in which the wireless remote control is prevented from controlling the
internal control unit 56 and the battery is not in use, to a standby mode, in which the remote
control is permitted to control the internal control unit 56 to release electric energy from the

battery 70 for the operation of the cleaning device 10.
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Fig. 22 shows an embodiment of the invention identical to that of Fig. 21, except that an
accumulator 58 is substituted for the battery 70 and the implanted components are
interconnected differently. In this case, the accumulator 58 stores energy from the implanted
energy transforming device 30. In response to a control signal from the wireless remote
control of the external energy transmission device 34, the internal control unit 56 controls
the electric switch 72 to switch from an off mode, in which the accumulator 58 is not in use,
to an on mode, in which the accumulator 58 supplies energy for the operation of the

cleaning device 10.

Fig. 23 shows an embodiment of the invention identical to that of Fig. 22, except that a
battery 70 also is implanted in the patient and the implanted components are interconnected
differently. In response to a control signal from the wireless remote control of the external
energy transmission device 34, the internal control unit 56 controls the accumulator 58 to
deliver energy for operating the electric switch 72 to switch from an off mode, in which the
battery 70 is not in use, to an on mode, in which the battery 70 supplies electric energy for

the operation of the cleaning device 10.

Alternatively, the electric switch 72 may be operated by energy supplied by the accumulator
58 to switch from an off mode, in which the wireless remote control is prevented from
controlling the battery 70 to supply electric energy and is not in use, to a standby mode, in
which the wireless remote control is permitted to control the battery 70 to supply electric

energy for the operation of the cleaning device 10.

Fig. 24 shows an embodiment of the invention identical to that of Fig. 20, except that a
motor 40, a mechanical reversing device in the form of a gear box 74, and an internal
control unit 56 for controlling the gear box 74 also are implanted in the patient. The internal
control unit 56 controls the gear box 74 to reverse the function performed by the cleaning

device 10 (mechanically operated).
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Fig. 25 shows an embodiment of the invention identical to that of Fig. 23 except that the
implanted components are interconnected differently. Thus, in this case the internal control
unit 56 is powered by the battery 70 when the accumulator 58, suitably a capacitor, activates
the electric switch 72 to switch to an on mode. When the electric switch 72 is in its on mode
the internal control unit 56 is permitted to control the battery 70 to supply, or not supply,

energy for the operation of the cleaning device 10.

Fig. 26 schematically shows conceivable combinations of implanted components of the
apparatus for achieving various communication options. Basically, there are the cleaning
device 10, the internal control unit 56, motor/pump unit 44, and the external energy
transmission device 34 including the external wireless remote control. As already described
above the wireless remote control transmits a control signal which is received by the
internal control unit 56, which in turn controls the various implanted components of the

apparatus.

A feedback device, preferably in the form of a sensor 76, may be implanted in the patient
for sensing a physical parameter of the patient, such as the pressure in a blood vessel. The
internal control unit 56, or alternatively the external wireless remote control of the external
energy transmission device 34, may control the cleaning device 10 in response to signals
from the sensor 76. A transceiver may be combined with the sensor 76 for sending
information on the sensed physical parameter to the external wireless remote control. The
wireless remote control may comprise a signal transmitter or transceiver and the internal
control unit 56 may comprise a signal receiver or transceiver. Alternatively, the wireless
remote control may comprise a signal receiver or transceiver and the internal control unit 56
may comprise a signal transmitter or transceiver. The above transceivers, transmitters and
receivers may be used for sending information or data related to the cleaning device 10 from

inside the patient's body to the outside thereof.
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Alternatively, the sensor 76 may be arranged to sense a functional parameter of the cleaning

device 10.

Where the motor/pump unit 44 and battery 70 for powering the motor/pump unit 44 are
implanted, the battery 70 may be equipped with a transceiver for sending information on the

condition of the battery 70.

Fig. 27 shows an alternative embodiment wherein the cleaning device 10 is regulated from
outside the patient’s body. The cleaning system 28 comprises a cleaning device 10
connected to a battery 70 via a subcutaneous switch 80. Thus, the regulation of the cleaning
device 10 is performed non-invasively by manually pressing the subcutaneous switch,
whereby the operation of the cleaning device 10 is switched on and off. It will be
appreciated that the shown embodiment is a simplification and that additional components,

such as an internal control unit, can be added to the cleaning system.

Fig. 28 shows an alternative embodiment, wherein the cleaning system 28 comprises a
cleaning device 10 in fluid connection with a hydraulic fluid reservoir 52. Non-invasive
regulation is performed by manually pressing the hydraulic reservoir connected to the

cleaning device 10.

A further embodiment of a system according to the invention comprises a feedback device
for sending information from inside the patient’s body to the outside thereof to give
feedback information related to at least one functional parameter of the clot removal device
or system or a physical parameter of the patient, thereby optimizing the performance of the

System.

One preferred functional parameter of the device is correlated to the transfer of energy for

charging the internal energy source.
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In Fig. 29, an arrangement is schematically illustrated for supplying an accurate amount of |
energy to a cleaning system 28 implanted in a patient, whose skin 36 is indicated by a
vertical line. A cleaning device 10 is connected to an implanted energy transforming device
30, likewise located inside the patient, preferably just beneath the patient’s skin 36.
Generally speaking, the implanted energy transforming device 30 may be placed in the
abdomen, thorax, muscle fascia (e.g. in the abdominal wall), subcutaneously, or at any other
suitable location. The implanted energy transforming device 30 is adapted to receive
wireless energy E transmitted from an external energy source 34a provided in the external
energy transmission device 34 located outside the patient’s skin 36 in the vicinity of the

implanted energy transforming device 30.

As is well known in the art, the wireless energy E may generally be transferred by means of
any suitable Transcutaneous Energy Transfer (TET) device, such as a device including a
primary coil arranged in the external energy source 34a and an adjacent secondary coil
arranged in the implanted energy transforming device 30. When an electric current is fed
through the primary coil, energy in the form of a voltage is induced in the secondary coil
which can be used to operate a cleaning device, e.g. after storing the incoming energy in an
energy storing device or accumulator, such as a battery or a capacitor. However, the present
invention is generally not limited to any particular energy transfer technique, TET devices
or energy storing devices, and any kind of wireless energy may be used. Other energy
transfer methods include but are not limited to non-induction methods such as by means of

ultra-sonic devices or using light.

The amount of transferred energy can be regulated by means of an external control unit 34b
controlling the external energy source 34a based on the determined energy balance, as
described above. In order to transfer the correct amount of energy, the energy balance and
the required amount of energy can be determined by means of an internal control unit 56
connected to the cleaning device 10. The internal control unit 56 may thus be arranged to

receive various measurements obtained by suitable sensors or the like, not shown,
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measuring certain characteristics of the cleaning device 10, reflecting the required amount
of energy needed for proper operation of the cleaning device 10. Moreover, the current
condition of the patient may also be detected by means of suitable measuring devices or
sensors, in order to provide parameters reflecting the patient’s condition. Hence, such
characteristics and/or parameters may be related to the current state of the cleaning device
10, such as power consumption, operational mode and temperature, as well as the patient’s

condition reflected by, e.g., body temperature, blood pressure, heartbeats and breathing.

Furthermore, an energy storing device or accumulator 58 may optionally be connected to
the implanted energy transforming device 30 for accumulating received energy for later use
by the cleaning device 10. Alternatively or additionally, characteristics of such an
accumulator, also reflecting the required amount of energy, may be measured as well. The
accumulator may be replaced by a battery, and the measured characteristics may be related
to the current state of the battery, such as voltage, temperature, etc. In order to provide
sufficient voltage and current to the cleaning device 10, and also to avoid excessive heating,
it is clearly understood that the battery should be charged optimally by receiving a correct
amount of energy from the implanted energy transforming device 30, i.e. not too little or too

much. The accumulator may also be a capacitor with corresponding characteristics.

For example, battery characteristics may be measured on a regular basis to determine the
current state of the battery, which then may be stored as state information in a suitable
storage means in the internal control unit 56. Thus, whenever new measurements are made,
the stored battery state information can be updated accordingly. In this way, the state of the
battery can be “calibrated” by transferring a correct amount of energy, so as to maintain the

battery in an optimal condition.

Thus, the internal control unit 56 is adapted to determine the energy balance and/or the
currently required amount of energy, (either energy per time unit or accumulated energy)

based on measurements made by the above-mentioned sensors or measuring devices on the
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cleaning device 10, or the patient, or an energy storing device if used, or any combination
thereof. The internal control unit 56 is further connected to an internal signal transmitter 82,
arranged to transmit a control signal reflecting the determined required amount of energy, to
an external signal receiver 34¢ connected to the external control unit 34b. The amount of
energy transmitted from the external energy source 34a may then be regulated in response to

the received control signal.

Alternatively, sensor measurements can be transmitted directly to the external control unit
34b wherein the energy balance and/or the currently required amount of energy can be
determined by the external control unit 34b, thus integrating the above-described function of
the internal control unit 56 in the external control unit 34b. In that case, the internal control
unit 56 can be omitted and the sensor measurements are supplied directly to the internal
signal transmitter 82 which sends the measurements over to the external signal receiver 34c
and the external control unit 34b. The energy balance and the currently required amount of
energy can then be determined by the external control unit 34b based on those sensor

measurements.

Hence, feedback of information indicating the required energy can be used, which is more
efficient because it is based on the actual use of energy that is compared to for example the
received energy, e.g. with respect to the amount of energy, the energy difference, or the
energy receiving rate as compared to the energy rate used by the cleaning device. The
cleaning device may use the received energy either for consuming or for storing the energy
in an energy storage device or the like. The different parameters discussed above would thus
be used if relevant and needed and then as a tool for determining the actual energy balance.
However, such parameters may also be needed per se for any actions taken internally to

specifically operate the clot removal device.

The internal signal transmitter 82 and the external signal receiver 34c may be implemented

as separate units using suitable signal transfer means, such as radio, IR (Infrared) or
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ultrasonic signals. Alternatively, the internal signal transmitter 82 and the external signal
receiver 34c may be integrated in the implanted energy transforming device 30 and the
external energy source 34a, respectively, so as to convey control signals in a reverse
direction relative to the energy transfer, basically using the same transmission technique.

The control signals may be modulated with respect to frequency, phase or amplitude.

The energy supply arrangement illustrated in Fig. 29 may operate basically in the following
manner. The energy balance is first determined by the internal control unit 56. A control
signal reflecting the required amount of energy is also created by the internal control unit
56, and the control signal is transmitted from the internal signal transmitter 82 to the
external signal receiver 34c. Alternatively, the energy balance can be determined by the
external control unit 34b instead depending on the implementation, as mentioned above. In
that case, the control signal may carry measurement results from various sensors. The
amount of energy emitted from the external energy source 34a can then be regulated by the
external control unit 34b, based on the determined energy balance, e.g. in response to the
received control signal. This process may be repeated intermittently at certain intervals
during ongoing energy transfer, or may be executed on a more or less continuous basis

during the energy transfer.

The amount of transferred energy can generally be regulated by adjusting various
transmission parameters in the external energy source 34a, such as voltage, current,

amplitude, wave frequency and pulse characteristics.

A method is thus provided for controlling transmission of wireless energy supplied to an
electrically operable cleaning device implanted in a patient. The wireless energy E is
transmitted from an external energy source located outside the patient and is received by an
internal energy receiver located inside the patient, the internal energy receiver being
connected to the clot removal device for directly or indirectly supplying received energy

thereto. An energy balance is determined between the energy received by the internal
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energy receiver and the energy used for the cleaning device. The transmission of wireless
energy E from the external energy source is then controlled based on the determined energy

balance.

A system is also provided for controlling transmission of wireless energy supplied to an
electrically operable cleaning device implanted in a patient. The system is adapted to
transmit the wireless energy E from an external energy source located outside the patient
which is received by an implanted energy transforming device located inside the patient, the
implanted energy transforming device being connected to the cleaning device for directly or
indirectly supplying received energy thereto. The system is further adapted to determine an
energy balance between the energy received by the implanted energy transforming device
and the energy used for the cleaning device, and control the transmission of wireless energy

E from the external energy source, based on the determined energy balance.

The functional parameter of the device is correlated to the transfer of energy for charging

the internal energy source.

~
e

In yet an alternative embodiment, the external source of energy is controlled from outside
the patient’s body to release electromagnetic wireless energy, and released electromagnetic

wireless energy is used for operating the cleaning device.

In another embodiment, the external source of energy is controlling from outside the
patient’s body to release non-magnetic wireless energy, and released non-magnetic wireless

energy is used for operating the cleaning device.

Those skilled in the art will realize that the above various embodiments according to Figs.
14-30 could be combined in many different ways. For example, the electric switch 38

operated polarized energy could be incorporated in any of the embodiments of Figs. 16, 19-

4
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25, the hydraulic valve shifting device 54 could be incorporated in the embodiment of Fig.
17, and the gear box 74 could be incorporated in the embodiment of Fig. 16.

Wireless transfer of energy for operating the cleaning device has been described to enable
non-invasive operation. It will be appreciated that the cleaning device can be operated with
wire bound energy as well. One such example is shown in Fig. 30, wherein an external
switch 84 is interconnected between the external energy source 34a and an operation device,
such as an electric motor regulating the cleaning device 10, by means of power lines 86 and
88. An external control unit 34b controls the operation of the external switch to effect

proper operation of the cleaning device 10.

Also other filters can be used in the cleaning device 10. One such filter is depicted in Fig.
31. The filter 90 in Fig. 31 comprises a rotating member 91 located in the flow passage way
of the drainage device. The rotating member can be formed by a number of segments 92.
Particles in the flow will caught by the segments and moved to the rim of the rotating
member 91 where the particles can be effectively removed from the flow pathway of the
drainage device. The cleaning device in Fig. 31 can be powered in the same manner as the

cleaning device described above.

In Fig. 32 a general view of a patient having an implanted drainage system as described
herein. The system comprises a first end of the drainage system located in a treatment area
1. The system further comprises a pump 100 adapted to move fluid from the treatment area

1 to a delivery area 3. The treatment area can be any area from which fluid is to be move
including but not limited to the abdomen, the lungs and the brain. Similarly the delivery area

can be any suitable delivery area within the body, including but not limited to the Urine

bladder and the stomach.

The pump can be powered by an energy source 123 as described above. The energy source

can be energized from outside the patient using a wireless energy transfer device. The
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energy transfer device can transfer energy in a way suitable such as by inductive energy
using coils or ultra sonic energy transfer or by transmitting light through the skin of the
patient. Also the fluid passageway from the treatment area to the delivery area can comprise
a cleaning device 10 as described above. The cleaning device can in one embodiment be

powered by a motor and the motor can then be supplied with energy from the energy source
123.

In Fig. 33 the drainage system is shown in more detail. The view in Fig. 33 corresponds to
the view in Fig. 32. However instead of showing the treatment areal, Fig. 33 shows and end
member 4 of the tube located in the treatment area. As described above the end member 4
can be designed differently for different treatment areas. Different end members are

described in more detail below.

In Figs. 34a — 34d different exemplary designs of end members 4 are shown in more detail.
Thus, a connecting tube for use in an implantable drainage device being adapted to move
body fluid from one part of the body, herein termed treatment area, of a human or mammal
patient is provided. A distal end of the connecting tube comprises in accordance with one
embodiment a portion having a flat shape. Such an end portion can advantageously be used
in the lungs when moving fluid from the lungs. The end portion can have an essential

circular shape as is shown in Fig. 34a or have a polygonal shape as is shown in Fig 34b.

In accordance with one embodiment the distal end of the connecting tube can comprises a
portion having a generally cylindrical shape as is shown in Fig. 34c. Such a shape can be
preferred in applications where there is a risk that the tube end is sucked towards the wall of
the treatment area. In Fig. 34d yet another embodiment is shown with a very flexible tube
end that can be used as a versatile tube in that it combines advantages of a flat tube end and

a cylindrical tube end at the expense of the disadvantages of being flexible.
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The tube ends are provided with holes or formed by a netlike structure. The diameter of the
hole can in accordance with one embodiment be in the range of 1 — 10 mm. The number of
holes and the diameter can typically depend on the treatment. As a general rule more holes
and larger holes will give a lower sucking force and vice versa. Thus, areas where a low
sucking force is required such as in the lungs can be treated using a tube end having many

and large holes in the tube end.

In Fig. 35 a securing arrangement for securing a second end of a tube of the drainage device
into the urine bladder is depicted. The arrangement comprises a tube end placed in the urine
bladder 3 through a hole made in the wall of the urine bladder. On the outside the tube is led
through a tunnel 95 formed by folding the outside wall of the urine bladder around the tube.
The tunnel is secured around the tube by sutures 97 or similar. At the end of the tunnel a net
structure 96 is tightly secured to the tube. The net structure has small diameter typically
smaller than 0.5 mm. In any event the net structure has holes that will be small enough to be
overgrown by tissue thereby providing a tight sealing so that no leakage occur. As stated
above energy can be transferred in different manners from outside a patient into a implanted
drain as described herein. In particular the energy can be transferred by means of an
inductive energy transfer or by transmission using an ultrasonic energy transmission, or by

transmission of energy using light.

Fig 36a illustrates a triangle wave generator circuit, the output of which is connected as an
input terminal of an amplifier used for transmitting energy using an ultrasonic energy
transmission. In figures 36a and 36b’°, 36b’’ the symbols Y1, Y2, Y3 and so on symbolize
test points within the circuit. The componénts in the circuit diagrams and their respective
values are values that work in this particular implementation which of course is only one of

an infinite number of possible design solutions.

Fig. 36a shows a circuit diagram containing most of an exemplary amplifier, in the lower

left corner of Fig. 36a there is the LF input which is the input for the 25 kHz sine wave that

SUBSTITUTE SHEET (RULE 26)
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should be amplified into a digital output signal. The LF-input there is the triangle wave
input emanating from the Triangle schematic. To the right in the middle in the Core
schematic there is the transmitting crystal, X4, connected to the differential digital outputs,
positive and negative output, of the amplifier. The transmitting crystal X4 is in series with
its associated tuning circuit components tuned to the sending frequency, which in this
particular case is 25 kHz. Figs. 36¢-36d displays the relationship between the input and the
output signal of the amplifier, in Fig.36¢ Y25 is the input signal and Y2 is the positive
digital output signal from the amplifier and in Fig. 36d Y13 is the negative digital output

from the amplifier.

As described above the implanted drainage device can be powered by an internal power
supply. The same power supply or another power supply can be used to provide energy the
filter and or cleaning device 10 as described herein. In Fig. 37 a general view similar to the
view in Fig. 32 is shown where the filter and the cleaning device 10 is connected to a power
supply. The apparatus in Fig. 37 comprises a first end of the drainage apparatus located in a
treatment area 1. The apparatus further comprises a pump 100 adapted to move fluid from
the treatment area 1 to a delivery area 3. The treatment area can be any area from which
fluid is to be move including but not limited to the abdomen, the lungs and the brain.
Similarly the delivery area can be any suitable delivery area within the body, including but
not limited to the Urine bladder and the stomach. The apparatus can as stated above further
comprise a filter and or a cleaning device 10. The filter and or cleaning device 10 can be
powered by an energy source 123a as described above. The energy source can be the same
as the energy source 123 powering a pump, but can also be another energy source. The
energy source 123a can be energized from outside the patient using a wireless energy
transfer device. The energy transfer device can transfer energy in a way suitable such as by
inductive energy using coils or ultra sonic energy transfer or by transmitting light through
the skin of the patient. Also the fluid passageway from the treatment area to the delivery

area can comprise a cleaning device 10 as described above. The cleaning device can in one
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embodiment be powered by a motor and the motor can then be supplied with energy from

the energy source 123a.

In Fig. 38 the power supply to a filter and a cleaning device 10 is shown in more detail. The
view in Fig. 38 corresponds to the view in Fig. 37. However instead of showing the
treatment area 1, Fig. 38 shows and end member 4 of the tube located in the treatment area.
As is shown in Fig. 38 the energy source 123 and 123a can be energized from outside the
skin 5 of a patient by an external energy source 6. The energy source can also receive and
transmit information to and from an external signaling device 7. The cleaning device can
also be connected to changeable filter cassettes 127. In accordance with one embodiment a
dirty filter of a cassette 127 is adapted to be replaced by a new filter of the cassette. The

filter can also comprise a net structure.

In Fig. 39a a cassette 127 for holding filters is shown. The cassette 27 comprises a revolving
cylinder 129 having segments 130 each holding a filter. The cylinder 129 is tightly sealed
between two supports 131 holding the cylinder 129 in place and providing a tight sealing.
The fluid passage way of an implantable drainage apparatus passes through the cassette 127.
The cassette is driven by a motor 133 causing the cylinder 129 to revolve at suitable times.
The motor is powered by a power supply 123b. The power supply can be a power supply
like the power supplies 123 or 123a. In accordance with one embodiment the power supplies
123, 123a and 123b is the one and same power supply. As with the power supplies 123 and
123a, the power supply 123b can receive wireless energy in a suitable form, including but
not limited to inductive energy ultrasonic energy, light energy or any other form of wireless
energy set out above. The energy is supplied by an external wireless energy transmitter 6
adapted to transmit energy through the skin 5 of a patient having the cassette 127 implanted.
The power supply 132b can also comprise a control unit as described above for controlling
the revolving cassette 127. The control unit can provide feedback to the outside and receive
input data from an external transceiver 7 in a manner similar to the control unit used in

conjunction with control of the pump.
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In Fig. 39b the cassette 127 is shown from the side with the supports 131 and the revolving

cylinder spaced apart is a disassembled view.

In Fig. 40a an alternative embodiment of the cassette 127 is shown. The view in Fig. 39a is
similar to the view in Fig. 39a. In the embodiment in Fig. 40a a magazine 135 having a

number of cylinders 129 stored therein is provided. Hereby a cylinder 129 can by replaced
by shifting the cylinders in the magazine 135. In one embodiment the cylinders are shifted

by pressurized air.

In Fig. 40b the cassette 127 is shown from the side with the supports 131 and the revolving

cylinder spaced apart is a disassembled view.

Please note that any embodiment or part of embodiment or feature or method or associated

system or part of system described herein may be combined in any combination.
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CLAIMS
1. An apparatus for drainage of a body fluid in a human or mammal patient,
comprising:

- a drainage device,
- an energy source adapted to supply energy to said drainage device, and
- at least one connecting tube connected to said drainage device, the drainage device and the

tube forming a drainage arrangement, wherein

the drainage arrangement is adapted to be implanted inside the body of the patient, and
wherein said tube interconnects one part of the body with another part of the body and said
drainage device is adapted to suck body fluid from the one part of the body via the
connecting tube to the other part of the body and wherein the device includes an expanding
reservoir comprising; |

- a bellow having an inlet with an inlet return valve and an outlet with an outlet return valve,
- a member adapted to move the bellow to expand to suck fluid, and

- a motor adapted to compress the bellow and move fluid out, wherein said drainage device
is adapted to repeat the sucking and moving of fluid to substantially constantly suck fluid

when not moving fluid to the other part of the body.

2. The apparatus according to claim 1, wherein the connecting tube is adapted to have
the size, shape and configuration adapted to a specific treatment area of the one and/ or the

other part of the body.

3. The apparatus according to claim 1, wherein the drainage device includes a pump
comprising a bellow provided with one inlet having an inlet return valve and one outlet
having an outlet return valve and further comprising a motor adapted to move the bellow to

compress the bellow and pump out via the outlet.
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4. An apparatus according to claim 1, wherein the drainage device includes a pump
comprising a bellow provided with one inlet having an inlet return valve and one outlet with
an outlet return valve and further comprising a motor adapted to expand the bellow to suck

from the inlet.

5. The apparatus according to claim 1, wherein said drainage device constantly sucks

fluid using a pre-tensioned load when not moving fluid to the other part of the body.

6. The apparatus according to claim 5, wherein said pre-tensioned load comprises a

spring loaded by a motor.

7. The apparatus according to claim 1, further, comprising

- an energy source adapted to supply energy to said bellow.

8. 8. The apparatus according to claim 1, wherein the connecting tube is adapted to
have the size, shape and configuration adapted to a specific treatment area of the one and/ or

the another part of the body.

9. The apparatus according to claim 8, wherein said bellow comprises an inlet with an
inlet return valve and an outlet with an outlet return valve and further comprising a passive
spring adapted to move the bellow to expand to suck from the inlet, the bellow further being
associated with a motor adapted to compress the bellow and move fluid out from the outlet
and thereby pre-tensioning said spring, said drainage device further being adapted to repeat
the sucking and moving of fluid to substantially constantly suck fluid when not moving

fluid to another part of the body.

10.  An apparatus for drainage of a body fluid with the body of a human or mammal
patient, comprising:

- a pump,
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- an energy source adapted to supply energy to said pump,

- at least one tube connected to said pump the tube and pump are adapted to be placed inside
the body without any mechanical connection to the outside through the skin, and wherein
said pump is adapted to pump body fluid from on part of the body, in a fluid passageway, to
another part of the body using power from said energy source, wherein said fluid

passageway is provided with a cleaning device.

11.  The apparatus according to claim 10, wherein the connecting tube is adapted to have
the size, shape and configuration adapted to a specific treatment area of the one and/ or the
another part of the body.

12.  An apparatus for drainage of a body fluid within the body of a human or mammal
patient, comprising;:

- a drainage device,

- a cleaning device

- an energy source adapted to supply energy to said drainage device,

- at least one first connecting tube connected to said drainage device adapted to drain urine
from the urine accumulating renal part of the kidney, and

- a second connecting tube adapted to be connected to the urine bladder, the first and second
connecting tubes and the drainage device being implantable in the body adapted to move

urine from the renal kidney to the urine bladder, using power from said energy source.

13. The apparatus according to claim 12, wherein the energy source is adapted to

receive energy via wireless ultrasound transmission.

14. The apparatus according to claim 12, wherein the cleaning device is adapted to

move away cleaned matter.

15. The apparatus according to claim 12, wherein the tube end in the delivery area

is provided with a net structure,
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16. The apparatus according to claim 15, wherein the net structure is sealed
around the tube,
17. The apparatus according to claim 15, wherein the net structure is provided

with holes having a diameter adapted to be overgrown by tissue.

18.  The apparatus according to claim 12, wherein the at least one first connecting tube is
adapted to have the size, shape and configuration adapted to have the size, shape and

configuration to drain urine from the urine accumulating renal part of the kidney.

19.  An apparatus for drainage of a body fluid in a human or mammal patient,
comprising:

- a drainage a device

- an energy source adapted to supply energy to said drainage device

- at least one first connecting tube connected to said drainage device adapted to drain liquid
from the a hydrocephalus in the brain area, and

- at least one second connecting tube adapted to be connected to the abdomen, the at least
one first and second connecting tubes and the drainage device being adapted to be implanted
inside the body, the drainage device further being adapted to move liquid from the

hydrocephalus to the abdomen, using power from said energy source.

20.  The apparatus according to claim 19, wherein the at least one first connecting tube is
adapted to have the size, shape and configuration adapted to drain liquid from the
hydrocephalus in the brain area.

21. The apparatus according to claim 19, further comprising a cleaning device.

22.  The apparatus according to claim 21, wherein the cleaning device is adapted to move

away cleaned matter.
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23.  The apparatus according to claim 21, wherein the tube end in the delivery area is

provided with a net structure.

24.  The apparatus according to claim 23, wherein the net structure is sealed around the

tube.

25.  The apparatus according to claim 23, wherein the net structure is provided with holes

having a diameter adapted to be overgrown by tissue.

26.  An apparatus for drainage of a body fluid in a human or mammal patient,
comprising:

- a drainage a device

- an energy source adapted to supply energy to said drainage device

- at least one first connecting tube connected to said drainage device adapted to drain liquid
from ascites in the abdomen, and

- at least one second connecting tube adapted to be connected to the lymphatic system of the
body, the at least one first and second connecting tubes and the drainage device being
adapted to be implanted inside the body, the drainage device further being adapted to move
liquid from the ascites in the abdomen into the lymphatic system, using power from said

energy source.

27.  The apparatus according to claim 26, further comprising a cleaning device.

28.  The apparatus according to claim 27, wherein the cleaning device is adapted to move

away cleaned matter.

29. The apparatus according to claim 27, wherein the tube end in the delivery area

is provided with a net structure,
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30. The apparatus according to claim 29, wherein the net structure is sealed
around the tube,
31. The apparatus according to claim 29, wherein the net structure is provided

with holes having a diameter adapted to be overgrown by tissue.

32. An apparatus for drainage of a body fluid in a human or mammal patient,
comprising:

- adrainage a device,

- a cleaning device

- an energy source adapted to supply energy to said drainage device

- at least one first connecting tube connected to said drainage device adapted to drain liquid
from ascites in the abdomen, and

- at least one second connecting tube adapted to be connected to the lymphatic system of the
body, the at least one first and second connecting tubes and the drainage device being
adapted to be implanted inside the body, the drainage device further being adapted to move
liquid from the ascites in the abdomen into the urine bladder, using power from said energy

source.

33. The apparatus according to claim 32, wherein the energy source is adapted to

receive energy via wireless ultrasound transmission.

34. The apparatus according to claim 32, wherein the cleaning device is adapted to

move away cleaned matter.

35. The apparatus according to claim 32, wherein the tube end in the delivery area

is provided with a net structure,

36. The apparatus according to claim 35, wherein the net structure is sealed

around the tube,
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37. The apparatus according to claim 35, wherein the net structure is provided

with holes having a diameter adapted to be overgrown by tissue.

38.  The apparatus according to claim 32, wherein the at least one first connecting tube is
adapted to have the size, shape and configuration adapted to have the size, shape and

configuration to drain liquid from the ascites in the abdomen.

39.  An apparatus for drainage of a body fluid in a human or mammal patient,
comprising;:

- adrainage a device

- an energy source adapted to supply energy to said drainage device

- at least one first connecting tube connected to said drainage device adapted to drain liquid
from the thoraxial cavity, and

- at least one second connecting tube adapted to be connected to the abdomen, the at least
one first and second connecting tubes and the drainage device being adapted to be implanted
inside the body, the drainage device further being adapted to move liquid from the thorax to

the abdomen, using power from said energy source.
40. - The apparatus according to claim 39, further comprising a cleaning device.

41. The apparatus according to claim 40, wherein the cleaning device is adapted to

move away cleaned matter.

42. The apparatus according to claim 40, wherein the tube end in the delivery area

is provided with a net structure,

43. The apparatus according to claim 42, wherein the net structure is sealed

around the tube,
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44, The apparatus according to claim 42, wherein the net structure is provided

with holes having a diameter adapted to be overgrown by tissue.

45.  The apparatus according to claim 39, wherein the at least one first connecting tube is

adapted to have the size, shape and configuration adapted to drain liquid from the thorax.

46.  An apparatus for drainage of a body fluid in a human or mammal patient, according
to any of claims 1,10, 12, 19, 26, 320r 39 wherein the energy source comprising an internal
energy source and external energy source transmitting wireless energy and further
comprising an energy transmitter transmitting wireless energy from the external energy
source to charge said internal energy source and the apparatus further adapted to send
feedback information from inside the body to the outside thereof to give feed back related to

any functional parameter of the device or physical parameter of the patient.

47.  The apparatus according to claim 46, wherein the functional parameter of the device

is correlated to the transfer of energy for charging the internal energy source.

48.  The apparatus according to claim 46, further comprising a device adapted to receive

transmitted wireless ultra sonic energy.

49.  The apparatus according to claim 46, further comprising a device adapted to receive

transmitted wireless inductive energy.

50.  The apparatus according to claim 46, further comprising a device adapted to receive

transmitted wireless light energy.

51.  The apparatus according to claim 46, further comprising a device adapted to transmit

feedback information.
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52.  The apparatus according to any claims 1,10, 12, 19, 26, 32 or 39 , wherein said
drainage device comprises a bellow comprising an inlet with an inlet return valve and an
outlet with an outlet return valve and further comprising a passive spring adapted to move
the bellow to expand to suck from the inlet, the bellow further being associated with a motor
adapted to compress the bellow and move fluid out from the outlet and thereby pre-
tensioning said spring, said drainage device further being adapted to repeat the sucking and
moving of fluid to substantially constantly suck fluid when not moving fluid to another part
of the body.

53.  The apparatus according to any of claims 1, 10, 12, 19, 26, 32 or 39, comprising a
backward release member adapted to generate a backward pressure of fluid or air in the tube

for removing or preventing a possible occlusion in the tube.

54.  The apparatus according to claim 53, wherein said backward release member is
adapted to generate the backward pressure repeatedly according to a predetermined time

schedule.

55.  The apparatus according to claim 53, wherein said release member comprises a pre-

pressurized reservoir of air and a valve adapted to release a puff of air in the tube.

56.  The apparatus according to claim 53, comprising a pump adapted to move fluid or

air in the tube in the reversed direction.

57.  The apparatus according to claim 56, further comprising a reservoir, said reservoir
being pre-pressurized by said pump, the apparatus further comprising a valve adapted to
release a puff of fluid or air in the tube extending from the pre-pressurized reservoir when

the pressure has reached a predetermined level.
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58.  The apparatus according to claim 1,10, 12, 19, 26, 32 or 39 , wherein the drainage

device is adapted to be placed subcutaneously via surgery.

59.  The apparatus according to claim 1, 10, 12, 19, 26, 32 or 39 wherein the drainage

device is adapted to be placed in the abdomen.

60.  The apparatus according to any of claims 1, 10, 12, 19, 26, 32 or 39 , further
comprising a subcutaneous switch, the switch being adapted to manually and non-invasively

control any function of the drainage device.

61. The apparatus according to any of claims 1, 10, 12, 19, 26, 32 or, further comprising
a hydraulic device, comprising a hydraulic reservoir, wherein the drainage device is adapted

to non-invasively be regulated by manually pressing said reservoir.

62. The apparatus according to any of claims 1, 10, 12, 19, 26, 32 or 39 , further
comprising a wireless remote control, wherein the drainage device is adapted to non-

invasively have any of its functions regulated by said remote control.

63.  The apparatus according to any of claims, 1, 10, 12, 19, 26, 32 or, comprising a
wireless energy transmitter, wherein the drainagé device is adapted to non-invasively have

any of its functions regulated by said energy transmitter.

64. The apparatus according to any of claims 1, 10, 12, 19, 26, 32 or, wherein the energy

source is adapted to power the drainage device to adjust any of it functions.

65.  The apparatus according to claim 64, wherein said energy source comprise an

internal energy source.
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66.  The apparatus according to claim 64, wherein said energy source is adapted to

receive energy from an external energy source transmitting energy in a wireless mode.

67.  The apparatus according to claim 66, wherein the internal energy source is
chargeable.
68.  The apparatus according to any of claims 1, 10, 12, 19, 26, 32 or, comprising an

operation device for operating the drainage device.

69.  The apparatus according to claim 68, wherein the operation device comprises a

motor or a pump.

70.  The apparatus according to claim 68, wherein the operation device comprises an

electrically powered operation device.

71.  The apparatus according to claim 68, wherein the operation device comprises a

hydraulic operation device.

72.  The apparatus according to claim 69, wherein the operation device comprises an

electric motor.

73.  The apparatus according to any claims 1, 10, 12, 19, 26, 32 or 39, further comprising

a sensor sensing a physical parameter of the patient.

74.  The apparatus according to any of claims 1, 10, 12, 19, 26, 32 or 39, further

comprising a sensor sensing a functional parameter of the drainage device.

75.  The apparatus according to claim 73, further comprising an internal control unit

acting in response to the sensor sending information.



10

15

20

25

WO 2009/096852 PCT/SE2009/000037
51

76.  The apparatus according to claim 74, further comprising an internal control unit

acting in response to the sensor sending information.
77.  The apparatus according to claim 73, wherein the sensor is a pressure sensor.

78.  The apparatus according to any claims 1, 10, 12, 19, 26, 32 or 39, comprising a
filtering device for removing particles from a fluid of a patient, the filtering device being
implantable in the patient’s body and comprising:

a filter connected to a tube for filtering any particles passing through the tube.

79.  The apparatus according to claim 78 further comprising a cleaning device for

cleaning the filter.

80. The apparatus according to claim 79, wherein the cleaning device is powered by a

motor.

81. The apparatus according to claim 79, wherein the cleaning device is adapted to

move any particles away from the fluid passageway.

82. The apparatus according to claim 79, wherein the cleaning device is adapted to

move particles to a location within the body of the patient.

83. The apparatus according to claim 79, wherein the cleaning device is adapted to

take into account the fibrotic capsula covering the cleaning device when implanted.

84. The apparatus according to claim 79, wherein the filter comprises a rotating
member.
85. The apparatus according to claim 79, wherein the cleaning device is adapted to

slice, push or scratch away any particles from the filter.
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86. The apparatus according to claim 79, wherein the cleaning device is adapted to
suck away any particles from the filter.
87. The apparatus according to claim 79, wherein the cleaning device comprises a
first piston.
88. The apparatus according to claim 87, wherein an outer end portion of the first
piston is provided with a first recess.
89. The apparatus according to claim 87, wherein the first piston is provided with

a plurality of channels for accommodating the filter in an extended position of said first

piston.

90. The apparatus according to claim 87, wherein the first piston is movable in a

direction perpendicular to the direction of the flow passageway.

91. The apparatus according to claim 90, wherein the first piston during

movement is arranged to take away any particles from the filter.

92. The apparatus according to claim 87, comprising a source of pressurized fluid

controlling the movement of the first piston.

93. The apparatus according to claim 87, comprising an electric motor controlling

the movement of the first piston.

94. The apparatus according to claim 87, comprising a solenoid controlling the

movement of the first piston.

9s. The apparatus according to claim 87, comprising a second piston provided

across the flow passageway from the first piston.

96. The apparatus according to claim 95, wherein the second piston is movable in

a direction essentially perpendicular to the direction of the flow passageway
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97. The apparatus according to claim 95, wherein the second piston is spring
biased in the direction of the first piston.
98. The apparatus according to claim 95, wherein an outer end portion of the

second piston is provided with a second recess.

99. The apparatus according to claim 95, comprising a third piston, which is
movable in a direction perpendicular to both the direction of the flow passageway and the

direction of movement of the first piston and of the second piston.

100. The apparatus according to claim 79, wherein the filter is of biocompatible
material.

101. The apparatus according to claim 79, wherein the filter comprises a plurality
of strips.

102. The apparatus according to claim 101, wherein the plurality of strips are
equally spaced.

103. The apparatus according to any claims 1, 10, 12, 19, 26, 32 or 39, wherein the

tube end in the delivery area is provided with a net structure.

104. The apparatus according to claim 103, wherein the net structure is sealed
around the tube.
105. The apparatus according to claim 103, wherein the net structure is provided

with holes having a diameter that will be overgrown by tissue.

106. The apparatus according to claim 105, wherein the diameter of the holes is

smaller than 2.5 mm.

107. A device for securing a tube through an inner organ of mammal patient,

comprising:
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- a tube having tube end provided with a net structure secured at a distance from the tube

end, the tube being adapted to be inserted into an organ with the net structure on the outside.

108. The device according to claim 107, wherein a tube area between the net

structure and the organ is adapted to be invaginated in the organ wall.

109. The device according to claim 107, wherein the net structure is sealed around
the tube.
110. The device according to claim 107, wherein the net structure is provided with

holes having a diameter that will be overgrown by tissue.

111. The device according to claim 110, wherein the diameter of the holes is

smaller than 2.5 mm.

112. A connecting tube for use in an implantable drainage device being adapted to
suck body fluid from one part of the body, via the at least the connecting tube, using power
from an energy source, the connecting tube having a distal end adapted to be located in a
specific treatment area of a body of a human or mammal patient for drainage of a body fluid
from the treatment area of the human or mammal patient, wherein the distal end of the

connecting tube comprises a portion having a flat shape.

113. The tube according to claim 112, wherein the portion having a generally flat

shape is provided with openings or is formed by a netlike structure.

114. The tube according to claim 113, wherein the diameter of the openings is in

the range 1-10 mm.

115. The tube according to claim 112, wherein the portion having a generally flat

shape is generally circular.

116. The tube according to claim 112 wherein the portion having a generally flat
shape is generally polygonal.
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117. A connecting tube for use in an implantable drainage device being adapted to
suck body fluid from one part of the body, via the at least the connecting tube and further
adapted to another part of the body, using power from an energy source, the connecting tube
having a distal end adapted to be located in a specific treatment area of a body of a human
or mammal patient for drainage of a body fluid from the treatment area of the human or
mammal patient, wherein the distal end of the connecting tube comprises a portion having a

generally cylindrical shape.

118. The tube according to claim 117, wherein the portion having a generally

cylindrical shape is provided with openings or is formed by a netlike structure.

119. The tube according to claim 118, wherein the diameter of the openings is in

the range 1-10 mm.

120. A connecting tube for use in an implantable drainage device being adapted to
suck body fluid from one part of the body, via the at least the connecting tube and further
adapted to another part of the body, using power from an energy source, the connecting tube
having a distal end adapted to be located in a specific treatment area of a body of a human
or mammal patient for drainage of a body fluid from the treatment area of the human or
mammal patient, wherein the distal end of the connecting tube comprises a portion is made

of a flexible material.

121. The tube according to claim 120, wherein the distal end is provided with

openings or is formed by a netlike structure.

122. The tube according to claim 121, wherein the diameter of the openings is in

the range 1-10 mm.

123. A method of using the apparatus according to any of claims 1, 10, 12, 19, 26,

32 or 39, wherein an operation device is used for operating the drainage device.
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124. The method according to claim 123, wherein the operation device comprises
an electrical powered operation device.
125. The method according to claim 123, wherein the operation device comprises a
hydraulic operation device.
126. The method according to claim 124, wherein the operation device comprises
an electric motor.
127. A method of using the apparatus according to any claims 1, 10, 12, 19, 26, 32

or 39, , wherein at least one function of the device is regulated from outside the human or

mammal body.

128. The method according to claim 127, wherein the non-invasively regulation are

performed by manually pressing a subcutaneous switch.

129. The method according to claim 127, when the apparatus comprises a hydraulic
regulated drainage device and a hydraulic reservoir connected to said constriction device,

wherein non-invasively regulation are performed by manually pressing said reservoir.

130. The method according to claim 127, when the apparatus comprises a wireless
remote control, wherein the non-invasively regulation is performed using said remote

control.

131. The method according to claim 127, when the apparatus comprises a wireless
energy transmitter, wherein the non-invasively regulation is performed using said energy

transmitter.

132. The method according to claim 127, wherein the energy source is used for

powering said drainage device adapted to adjust any of its functions.

133. The method according to any of claims 1, 10, 12, 19, 26, 32 or 39, , wherein

the energy source used comprises an internal energy source.



10

15

20

25

WO 2009/096852 PCT/SE2009/000037
57

134. The method according to claim 133, wherein said energy source is associated

with an external energy source transmitting wireless energy.

135. The method according to claim 134, further comprising transmitting energy

from the external energy source to charge said internal energy source.

136. The method according to claim 135, further comprising feedback information
being sent from inside the body to the outside thereof to give feed back related to the

functional parameters of the device or physical parameters of the patient.

137. The method according to claim 136, wherein the functional parameter of the

device is correlated to the transfer of energy for charging the internal energy source.

138. A method of using the apparatus according to any of claims 1, 10, 12, 19, 26,

32 or 39, wherein wireless energy is transmitted for powering the operation device.

139. A method of using the apparatus according to any of claims 1, 10, 12, 19, 26,
32 or 39, comprising the steps of:

- implanting a source of energy in the patient,

- providing an external source of energy,

- controlling the external source of energy to release wireless energy,

- charging non-invasively the implanted source of energy with the wireless energy,

- controlling the implanted source of energy from outside the patient’s body, and

- releasing energy for use in connection with the operation of the drainage device.

140. The method according to claim 139, wherein the wireless energy is stored in

the implantable source of energy.

141. The method according to claim 123, comprising the steps of:
- providing a source of energy outside the patient’s body, and
- controlling the external source of energy from outside the patient’s body to release

wireless energy, and using the released wireless energy for operating the operation device.
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142. The method according to claim 141, comprising transforming the wireless
energy into electrical energy inside the patient’s body using an implanted energy-

transforming device and using the electrical energy when operating the drainage device.

143. The method according to claim 142, further comprising directly using the
electrical energy in connection with the operation of the drainage device, as a transforming

device transforms the wireless energy into the electrical energy.

144. The method according to claim 139, further comprising the steps of:
- controlling the external source of energy from outside the patient’s body to release non-
magnetic wireless energy, and

- using the released non-magnetic wireless energy for operating the drainage device.

145. The method according to claim 139, further comprising the steps of
- controlling the external source of energy from outside the patient’s body to release
electromagnetic wireless energy, and

- using the released electromagnetic wireless energy for operating the drainage device.

146. A method for drainage of a body fluid in a human or mammal patient,

comprising the steps of;
- implanting a drainage a device comprising an energy source

- placing at least one connecting tube connected to said drainage device in the specific
treatment area in the human or mammal body,

- sucking body fluid from one part of the body, through the tube,

- supplying energy to said drainage device from said energy source, and

- moving fluid to another part of the body, via a cleaning device using power from said

energy source.
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147. The method according to claim 146, comprising the steps of:
- sensing a physical parameter of the patient or a functional parameter of the device, and

- sending sensing information to a control unit adapted for regulating said drainage device.

148. A method for drainage of a body fluid in a human or mammal patient,

comprising the steps of;

- implanting a drainage a device comprising an energy source and a bellow having an inlet

with an inlet return valve and an outlet with an outlet return valve and further comprising a

spring,

- placing at least one connecting tube connected to said drainage device in the specific
treatment area in the human or mammal body,

- sucking body fluid from one part of the body, through the tube,

- supplying energy to said drainage device from said energy source, and

- moving fluid to another part of the body, using power from said energy source.

- moving the bellow to expand itself,

- sucking from the inlet,

- accumulating fluid in the bellow,

- compressing said bellow and

- moving fluid out from the outlet and thereby,

- pre-tensioning said spring, and

- repeating the sucking and moving of fluid to substantially constantly being sucking fluid

when not moving fluid to another part of the body.

149, A method for drainage of a body fluid in a human or mammal patient, using a
pump and an energy source adapted to supply energy to said pump and at least one

connecting tube connected to said pump comprising the steps of;

- implanting the tube and pump completely inside the body,
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- pumping body fluid from on part of the body to another part of the body via a cleaning

device using power from said energy source.

150. An operation method for surgically placing the apparatus according to any of
claims 1, 10, 12, 19, 26, 32 or 39, in a patient, comprising the steps of:

cutting the skin,

- dissecting a treatment area

- dissecting a placement area

- placing the drainage device in the placement area, and

- placing the tube leading from the placement area to the treatment area

151. An operation method for surgically placing the apparatus according to any of
claims 1, 10, 12, 19, 26, 32 or 39, in a patient, comprising the steps of:

cutting the skin,

- dissecting a treatment area

- dissecting a placement area

- dissecting a delivery area

- placing the drainage device in the placement area

- placing the tube leading from the placement area to the treatment area

- placing a second tube leading from the placement area to the delivery area

152. The method according to claim 151, comprising
- sensing a physical parameter of the patient or a functional parameter of the device, and

- sending sensing information to a control unit adapted for regulating said drainage device.

153. A method of powering the apparatus according to any of claims 1, 10, 12, 19,
26, 32 or 39, , comprising the steps of;
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- transmitting wireless energy,
- storing said wireless energy in a internal source of energy

- powering said drainage device with said stored energy

154. A surgical method for treating a patient needing drainage of an area in the

body, comprising the steps of;,

cutting an opening in the abdominal wall,

- dissecting at least two intended areas ,

- placing a drainage device according to any of claims 1, 10, 12, 19, 26, 32 or 39,
comprising and at least one tube in the dissected areas, and

- suturing the abdominal wall

155. A method using an apparatus according to any of claims 1, 10, 12, 19, 26, 32
or 39, , for postoperatively and non-invasively regulating the drainage device comprising

the steps of;

- moving fluid away from one area of the human or mammal body,

- moving fluid to another part of the body.

156. A method for placing a drainage device according to any of claims 1, 10, 12,
19, 26, 32 or 39, , comprising a surgical method via a laparoscopic abdominal approach, the

method comprising the steps of:

inserting a needle like tube into the abdomen of the patients body,

- using the tube to fill the abdomen with gas thereby expanding the abdominal cavity,
- placing at least two laparoscopic trocars in the patient’s body,

- Inserting a camera through one of the trocars into the abdomen,

- inserting at least one dissecting tool through a trocar and dissecting at two intended

areas of the patient,
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- placing at least one drainage device in the abdomen

157. The method according to claim 156, wherein the device is adjusted from

outside the patients body.

158. The method according to claim 156, comprising the steps of
- sensing a physical parameter of the patient or a functional parameter of the device, and

- sending sensing information to a control unit adapted for regulating said drainage device.

159. A method of placing a drainage device according to any of claims 1, 10, 12,
19, 26, 32 or 39, , comprising a surgical method via a laparoscopic thoraxial approach, the

method comprising the steps of:

inserting a needle like tube into the thorax of the patients body,

- using the tube to fill the thorax with gas thereby expanding the thoraxical cavity,

- placing at least two laparoscopic trocars in the patient’s body,

- inserting a camera through one of the trocars into the thorax,

- inserting at least one dissecting tool through a trocar and dissecting at two intended
areas of the patient,

- placing at least one drainage device in the thorax

- moving fluid away from one part of the body post operatively to another part of the
body

- powering the device with a source of energy, and

160. The method according to claim 159, wherein the device is adjusted from

outside the body of the patient.



10

15

20

25

WO 2009/096852 PCT/SE2009/000037
63

161. The method according to claim 159, comprising the steps of
- sensing a physical parameter of the patient or a functional parameter of the device, and

- sending sensing information to a control unit adapted for regulating said drainage device.

162. An operation method for surgically placing the apparatus according to any of

claim 12 comprising the steps of:

- cutting the skin,

- dissecting an area around the renal part of the kidney area

- dissecting a placement area where to place the drainage device inside the abdomen or
retroperitoneal or subcutaneously

- dissecting a delivery area around the urine bladder

- placing the drainage device in the placement area

- placing the tube leading from the placement area to the renal kidney

- placing a second tube leading from the placement area to the urine bladder.

163. A method according to claim 162, comprising the steps of
- sensing a physical parameter of the patient or a functional parameter of the device, and
- sending sensing information to a control unit adapted for regulating said drainage device

when moving fluid to said urine bladder.

164. An operation method for surgically placing the apparatus according to claim

19 comprising the steps of:

- cutting the skin,
- dissecting an area in the brain
- dissecting a placement area where to place the drainage device inside the abdomen or

retroperitoneal or subcutaneously
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- dissecting a delivery area in the abdomen
- placing the drainage device in the placement area
- placing the tube leading from the placement area to the brain

- placing a second tube leading from the placement area to the abdomen

165. A method according to claim 164, comprising the steps of
- sensing a physical parameter of the patient or a functional parameter of the device, and

- sending sensing information to a control unit adapted for regulating said drainage device.

166. An operation method for surgically placing the apparatus according to claim

26 comprising the steps of:

. cutting the skin,

- dissecting an area in the abdomen

- dissecting a placement area where to place the drainage device inside the abdomen or
retroperitoneal or subcutaneously

- dissecting a delivery area around the lymphatic system

- placing the drainage device in the placement area

- placing the tube leading from the placement area to the abdomen

- placing a second tube leading from the placement area to the lymphatic system.

167. A method according to claim 166, comprising the steps of
- sensing a physical parameter of the patient or a functional parameter of the device, and
- sending sensing information to a control unit adapted for regulating said drainage device

when moving fluid to the lymphatic system.

168. An operation method for surgically placing the apparatus according to claim

32 comprising the steps of:
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- cutting the skin,

- dissecting an area in the thorax

- dissecting a placement area where to place the drainage device inside the abdomen or
thorax or retroperitoneal or subcutaneously

- dissecting a delivery in around the abdomen

- placing the drainage device in the placement area

- placing the tube leading from the placement area to the thorax

- placing a second tube leading from the placement area to the abdomen.

169. A method according to claim 168, comprising the steps of
- sensing a physical parameter of the patient or a functional parameter of the device, and
- sending sensing information to a control unit adapted for regulating said drainage device

when moving fluid to the abdomen.

170. A method of using the apparatus according to claim 12, the apparatus
comprising a bellow having an inlet with an inlet return valve and an outlet with an outlet

return valve and further comprising a spring, the method comprising the steps of:

- moving the bellow to expand itself,

- sucking from the inlet and further from the renal part of the kidney,

- accumulating fluid in the bellow,

- compressing said bellow and

- moving fluid out from the outlet to the urine bladder and thereby,

- pre-tensioning said spring, and

- repeating the sucking and moving of urine to substantially constantly being sucking

urine when not moving fluid to the urine bladder

171. The method according to claim 170, comprising the step of:
- repeatedly moving fluid to the urine bladder in response to a signal generated by a pressure

sensor.
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172. A method using the apparatus according to claim 19, the apparatus comprising
a bellow having an inlet with an inlet return valve and an outlet with an outlet return valve

and further comprising a spring, the method comprising the steps of:

- moving the bellow to expand itself,

- sucking from the inlet and further from the brain,

- accumulating fluid in the bellow,

- compressing said bellow,

- moving fluid out from the outlet into the abdomen and thereby pre-tensioning said spring,
and

- repeating the sucking and moving of fluid to substantially constantly being sucking fluid

when not moving fluid to the abdomen.

173. The method according to claim 172, comprising the step of:
— repeatedly moving fluid to the abdomen in response to a signal generated by a pressure

SEnsor.

174. A method of using an apparatus according to claim 26, the apparatus
comprising a bellow having an inlet with an inlet return valve and an outlet with an outlet

return valve and further comprising a spring,

- moving the bellow to expand itself,

- sucking from the inlet and further from the abdomen,

- accumulating fluid in the bellow,

- compressing said bellow

- moving fluid out from the outlet into the lymphatic system and thereby pre-tensioning said
spring, and

- repeating the sucking and moving of fluid to substantially constantly being sucking fluid

when not moving fluid to the lymphatic system.
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175. The method according to claim 174, comprising the step of:
- repeatedly moving fluid to the lymphatic system in response to a signal generated by a

pressure sensor.

176. A method of using an apparatus according to claim 32, the apparatus
comprising a bellow having an inlet with an inlet return valve and an outlet with an outlet

return valve and further comprising a spring,

- moving the bellow to expand itself,

- sucking from the inlet and further from the thorax,

- accumulating fluid in the bellow,

- compressing said bellow and

- moving fluid out from the outlet into the abdomen and thereby pre-tensioning said spring,
and

- repeating the sucking and moving of fluid to substantially constantly being sucking fluid

when not moving fluid to the abdomen.

177. The method according to claim 176, comprising the step of:
— repeatedly moving fluid to the abdomen in response to a signal generated by a pressure

s€nsor.

178. A filtering device for removing particles from a fluid of a patient, the filtering device
being implantable in the patient’s body and comprising:
- a tube forming a fluid passageway,

- an active filter connected to the tube for filtering any particles passing through the tube.

179. The device according to claim 178, comprising a cassette for changing the filter.
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180. The device according to claim 178 or 179, comprising a cleaning device for
cleaning the filter.
181. The device according to claim 178 or 179, wherein the filter and or cassette is
powered by a motor.
182. The device according to claim 181, wherein the motor is connected to an internal
power supply.
183. The device according to claim 182, wherein the power supply is connected to the
filter and to the cassette.
184. The device according to claim 182, wherein the power supply is connected to a

pump for moving fluid through the fluid passageway.

185. The device according to claim 179, comprising a revolving cylinder revolving

over the fluid passage way.

186. The device according to claim 185, wherein the revolving cylinder revolving

over the fluid passage way comprises a number of segments.
187. The device according to claim 186, wherein segments are adapted to hold a filter.

188. The device according to claim 185, further comprising a magazine adapted to -

hold a number of cylinders.

189. The device according to claim 180, wherein the cleaning device is adapted to

move any particles away from the fluid passageway.

190. The device according to claim 180, wherein the cleaning device is adapted to

move particles to a location within the body of the patient.
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191. The device according to claim 180, wherein the cleaning device is adapted to

take into account the fibrotic capsula covering the cleaning device when implanted.

192. The device according to claim 180, wherein the filter comprises a rotating
member.
193. The device according to claim 180, wherein the cleaning device is adapted to

slice, push or scratch away any particles from the filter.

194. The device according to claim 180, wherein the active filter is adapted be

cleaned by sucking away any particles from the filter.

195. The device according to claim 194, wherein the filter is of biocompatible
material.

196. The device according to claim 194, wherein the filter comprises a plurality of
strips.

197. The device according to claim 196, wherein the plurality of strips are equally
spaced.

198. The device according to claim 178, comprising a collecting volume adapted to

collect cleaned matter that has been cleaned from the filter.

199. The device according to claim 198, wherein the collecting volume comprises a
IEeServoir.

200. The device according to claim 178, wherein the filter comprises a net structure.
201. The device according to claim 178, comprising a switch, the switch being

adapted to manually and non-invasively control any function of the filtering device.

202. The device according to claim 201, wherein the switch is a subcutaneous switch.
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203. The device according to claim 202, wherein the switch is an electric switch.
204. The device according to claim 178, comprising a hydraulic device having a

hydraulic reservoir, wherein the filtering device is adapted to non-invasively be regulated by

manually pressing said hydraulic reservoir.

205. The device according to claim 178, comprising a wireless remote control,
wherein the filtering device is adapted to non-invasively have at least one of its functions

regulated by said wireless remote control.

206. The device according to claim 205, wherein the wireless remote control
comprises at least one external signal transmitter and an internal signal receiver implantable

in the patient.

207. The device according to claim 205, wherein the wireless remote control is

adapted to transmit at least one wireless control signal for controlling the filtering device.

208. The device according to claim 207, wherein the wireless control signal comprises

a frequency, amplitude, or phase modulated signal or a combination thereof.

209. The device according to claim 207, wherein the wireless control signal comprises

an analogue or a digital signal, or a combination of an analogue and digital signal.

210. The device according to claim 178, comprising a wireless energy receiver,
wherein the filtering device is adapted to non-invasively be energized by said wireless

energy receiver.

211. The device according to claim 210, wherein the energy receiver is adapted to

receive energy as at least one wireless energy signal.

212. The device according to claim 211, wherein the wireless energy signal comprises

an analogue or a digital signal, or a combination of an analogue and digital signal.
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213. The device according to claim 178, comprising an internal energy source.
214. The device according to claim 213, wherein the energy source is an internal

energy source adapted to receive energy from an external energy source transmitting energy

in a wireless mode.

215. The device according to claim 213 wherein the internal energy source is adapted

to be charged by energy in a wireless mode.

216. The device according to claim 178, further comprising a sensor for sensing a
parameter.
217. The device according to claim 216, wherein the sensor is a functional parameter

sensor for sensing a functional parameter of the filtering apparatus.

218. The device according to claim 217, wherein the functional parameter of the

apparatus is correlated to the transfer of energy for charging an internal energy source.

219. The device according to claim 216, comprising a feedback device for sending
information from inside the patient’s body to the outside thereof to give feedback

information related to a functional parameter.

220. The device according to claim 216, comprising an internal control unit adapted

to act in response to a functional parameter sensed by the sensor.

221. The device according to claim 216, wherein the sensor is a physical parameter

sensor for sensing a physical parameter of the patient.

222. The device according to claim 221, wherein the physical parameter is at least one

of: body temperature, blood pressure, blood flow, heartbeats and breathing.

223. The device according to claim 221, wherein the physical parameter sensor is a

pressure sensor.
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224, The device according to claim 221, further comprising an internal control unit

adapted to act in response to a physical parameter signal.

225. The device according to claim 178, comprising an operation device for operating

the filtering device.

226. The device according to claim 225, wherein the operation device comprises a

motor or a pump.

227. The device according to claim 225, wherein the operation device comprises an

electric motor.

228. The device according to claim 225, wherein the operation device is electrically
powered.
229. The device according to claim 225, wherein the operation device comprises a

“hydraulic operation device.

230. The device according to claim 225, wherein the operation device comprises a

pneumatic operation device.

231. The device according to claim 225, wherein the physical parameter is at least

one of: body temperature, blood pressure, blood flow, heartbeats and breathing.

232. The device according to claim 225, wherein the physical parameter sensor is a

pressure sensor.

233. The device according to claim 225, further comprising an internal control unit

adapted to act in response to a physical parameter signal.

234. The device according to claim 178, comprising an operation device for

operating the filtering device.
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235. The device according to claim 225, wherein the operation device comprises a
motor or a pump.
236. The device according to claim 225, wherein the operation device comprises an
electric motor.
237. The device according to claim 225, wherein the operation device is electrically
powered.
238. The device according to claim 225, wherein the operation device comprises a
hydraulic operation device.
239, The device according to claim 225, wherein the operation device comprises a

pneumatic operation device.
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INTERNATIONAL SEARCH REPORT International application No.
PCT/SE2009/000037

A. CLASSIFICATION OF SUBJECT MATTER

IPC: see extra sheet _ -
According 1o International Patent Classification (1PC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched {classification system followed by classification symbols)

IPC: A61M, A61F

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

SE,DK,FI,NO classes as above

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

EPO~INTERNAL, WPI DATA, PAJ, BIOSIS, COMPDX, EMBASE, INSPEC, MEDLINE

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category*| Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

Y

US 6689085 Bl (RUBENSTEIN, EDWARD ET AL), 1-9
10 February 2004 (10.02.2004), column 5,
line 3 - line 12; column 7, line 9 - line 30;
column 11, line 15 - line 42, figures 9, 10A, 10E,
abstract

10-177

US 4610658 A (BUCHWALD, HENRY ET AL), 9 Sept 1986 1-9
(09.09.1986), column 6, line 19 - column 7,
line 18, figures 1,8, abstract

m Further documents are listed in the continuation of Box C. m See patent family annex.

*  Special categories of cited documents: “T" later document published after the international filing date or priority
document defining the general state of the art which is not considered date and not in conflict with the application but cited to understand
10 be of particular relevance the principle or theory underlying the invention
E g?;ll;erdzgghcauon or patent but published on or after the international  »x gocument of particular relevance: the claimed invention cannot be
ur 5 . . . o considered novel or cannot be considered to involve an inventive
L document which may throw doubts on priority claim(s) or which is step when the document is taken alone
cited 1o establish the publication date of another citation or other .
special reason (as specified) “Y"” document of particular relevance: the claimed invention cannot be
ey . . A considered 1o involve an inventive step when the document is
o :?:;;Tem referring to an oral disclosure, use, exhibition or other combined with one or more other such documents, such combination
e ) } . . . being obvious 10 a person skilled in the art
P”  document published prior to the international filing date but later than " :
the priority date claimed “&" document member of the same patent family
Date of the actual completion of the international search Date of mailing of the international search report
22 April 2009 2 7 04~ 2004
Name and mailing address of the ISA/ Authorized officer
Swedish Patent Office
Box 5055, S-102 42 STOCKHOLM Sara Backman/EO
Facsimile No. +46 8 666 02 86 Telephone No. +46 8 782 25 00

Form PCT/ISA/210 (second sheet) (July 2008)
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C (Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

Category*

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

X

US 7311690 B2 (BURNETT, DANIEL R.),
25 December 2007 (25.12.2007), column 2,

line 27 - line 67; column 3, line 50 - line 56;

column 9, l1ine 4 - line 26, claim 1,
abstract

US 5902336 A (MISHKIN, GARY J.), 11 May 1999
(11.05.1999), column 1, line 65 ~ column 2,
line 12, figure 1, claim 1, abstract

WO 9850099 Al (S.L.I.M. TECH, LTD.),
12 November 1998 (12.11.1998), figure 2,
abstract

US 6772011 B2 (DOLGIN, ALEXANDER), 3 August 2004
(03.08.2004), abstract

US 20060127246 A1 (FORSELL, PETER), 15 June 2006
(15.06.2006), abstract

US 20030208247 A1 (SPINELLI, MICHELE ET AL),
6 November 2003 (06.11.2003), abstract

US 5057075 A (MONCRIEF, JACK W. ET AL),
15 October 1991 (15.10.1991), abstract

10-239

10-239

178-239

1-239

1-239

107-111

107-111

Form PCT/ISA/210 (continuation of second sheet) {July 2008)




INTERNATIONAL SEARCH REPORT International application No.
PCT/SE2009/000037

Box No. I  Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. & Claims Nos.:
because they relate to subject matter not required to be searched by this Authority, namely:
Claims 123-152,154-239 relate to a method for treatment of the
human or animal body by surgery or by therapy, as well as
diagnostic methods, see PCT rule 39.1(iv). Nevertheless, a
search has been made for these claims. The search has been
directed to the technical content of the claims.

2. D Claims Nos.:

because they relate to parts of the international application that do not comply with the prescribed requirements to such an
extent that no meaningful international search can be carried out, specifically:

3. I:] Claims Nos.:
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. III  Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

The present application has been considered to contain two
inventions which are not linked such that they form a single

general inventive concept, as required by Rule 13 PCT for the
following reasons:

ool

1. D As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

2. & As all searchable claims could be searched without effort justifying an additional fees, this Authority did not invite payment
of any additional fees.

3. E] As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4. D No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

Remark on Protest D The additional search fees were accompanied by the applicant’s protest and, where applicable,
the payment of a protest fee.

D The additional search fees were accompanied by the applicant’s protest but the applicable
protest fee was not paid within the time limit specified in the invitation.

D No protest accompanied the payment of additional search fees.

Form PCT/ISA/210 (continuation of first sheet (2)) (July 2008)
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PCT/SE2009/000037

Box III

Invention 1:  Claims 1-177 directed to a method and
implantable drainage device for moving body fluid between
different parts of the body.

Invention 2: Claims 178-239 directed to an implantable filter
device for filtering particles in body fluid.

Claims 1-177 relate to the problem of transfer fluid within
the body without any mechanical structure penetrating the
patient’s skin. This problem appears to be solved by a
completely implantable drainage device.

Claims 178-239 relate to the problem of removing particles
from a fluid of a patient. This problem is solved by a
filtering device.

As both the problems and solutions are technically different,
no single general concept can be formulated based on the
technical features of the inventions. Consequently, the
requirements of Rule 13.1 PCT are not met.

Form PCT/ISA/210 (extra sheet) (July 2008)
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International patent classification (IPC)
A61M 1/00 (2006.01)
A61M 5/00 (2006.01)
A61F 2/04 (2006.01)

Download your patent documents at www.prv.se

The cited patent documents can be downloaded:

e From "Cited documents”" found under our online services at
WWww.prv.se (English version)

e From "Anfdrda dokument" found under "e-tjanster" at
WWW.prv.se (Swedish version)

Use the application number as username. The password is
SPWGXPHMWX .

Paper copies can be ordered at a cost of 50 SEK per copy from
PRV InterPat (telephone number 08-782 28 85).

Cited literature, if any, will be enclosed in paper form.
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