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(57) Abrégé/Abstract:

A system for anal and/or stomal irrigation comprises a reservoir (102) for an irrigating liquid, a catheter (100) comprising a catheter
tip for insertion into the rectum or stoma of a user and for expelling of the irrigating liquid from the catheter tip, and a tubing system
(121) providing a conduit for the irrigating liquid between the reservoir and the catheter tip. A pump (101) is provided to pump the
irrigating liquid from the reservoir to the catheter tip, and a control system (103) controls a flow condition, such as the amount of
liquid expelled at the catheter tip. A sensor (153) determines a measure of pressure in at least one first predetermined position in
the tubing system and/or the catheter during operation of the pump, on the basis of which the flow condition is estimated. The
control system is configured to control the pumping operation of the pump in response to the measure of pressure.
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Fig. 1

(57) Abstract: A system for anal and/or stomal irrigation comprises a reservoir (102) for an irrigating liquid, a catheter (100) com -
prising a catheter tip for insertion into the rectum or stoma of a user and for expelling of the irrigating liquid from the catheter tip,
and a tubing system (121) providing a conduit for the irrigating liquid between the reservoir and the catheter tip. A pump (101) is
provided to pump the irrigating liquid from the reservoir to the catheter tip, and a control system (103) controls a flow condition,
such as the amount of liquid expelled at the catheter tip. A sensor (153) determines a measure of pressure in at least one first prede -
termined position in the tubing system and/or the catheter during operation of the pump, on the basis of which the flow condition is
estimated. The control system is configured to control the pumping operation of the pump in response to the measure of pressure.
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A SYSTEM FOR ANAL AND/OR STOMAL IRRIGATION AND A METHOD FOR CONTROLLING SUCH A
SYSTEM

Technical field

A system and a method for anal and/or stomal irrigation are provided, the system comprising a
reservoir for an irrigating liquid, and a catheter comprising a catheter tip for insertion into the
rectum and/or stoma of a user. In particular a pump and tubing system for controlling the supply
of the irrigating liquid to the catheter tip and a control system for controlling operation of the

pump are provided.

Backgrund

WO 2012/120456 discloses an apparatus for performing transanal irrigations, the apparatus
including a reservoir for containing the irrigation water, a catheter set in fluid communication
with the reservoir by means of a first conduit, and an elastic membrane aimed at obstructing the
anal channel of the user, associated with the catheter and connected to a second conduit. First

and second pressure sensors are arranged in a container, the container housing the reservoir.

EP 1 206 230 discloses an ostomy irrigation system and an ostomy port useful therewith permit
independent, hands-free irrigation by a user having an ostomy or surgically created reservoir.
The system includes a pump unit capable of providing monitored, controlled pulsations of fluid at
a volume and force suitable for safe and convenient introduction into an ostomy of the user; and
a reservoir in fluid communication with the pump unit, at least one irrigation connector set
including a tube attachable to the pump unit, and a connector nozzle adapted for selectively
releasable, substantially fluid tight interlocking connection with an ostomy port in the ostomy of

the user so that the system is effectively closed.

Detailed Description

Control of voluntary bowel functions is frequently limited or absent in patients suffering from
certain disabilities, such as spinal injuries, multiple sclerosis or spina bifida. Such lack of control
of voluntary bowel functions typically results in faecal incontinence or intractable constipation, as
patients have significantly reduced ability to sense the presence of faeces in the colon terminal
part and the rectum and to sense the evacuation stimulus. Patients having undergone stomal
surgery wherein a catheterizable stoma is constructed may suffer from similar difficulties.

Date Recgue/Date Received 2022-06-17
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It is known to accomplish bowel emptying by irrigation (i.e. flushing) of the rectum or stoma, by
an irrigating fluid, such as tap water or saline, which is provided through an intermittent catheter
with a tip which is configured and sized for insertion into the rectum or stoma, where it remains
in a fixed position by an expandable inflation element, such as a balloon. The balloon may be
inflatable by air or by water. Once the rectum or stoma has been flushed with the irrigating
liquid, the expandable retention element is allowed to collapse to its non-deflated state, allowing
the catheter to be withdrawn from the rectum or stoma, and allowing the liquid and faeces to
evacuate. The catheter is connected to a reservoir of the irrigating liquid through a tube, and a

pump may be provided for displacing the irrigating liquid from the reservoir to the catheter.

The development of transanal or transstomal irrigation systems has hitherto focussed on aspects
of tubings, catheters and structural designs of pumps. It is hence an object to improve known
systems further, in particular by improving control and user-convenience in relation to self-
irrigation, and more particularly by improving control and operation of the pump. In particular, it
is an object to detect the presence of irrigating liquid at the tip of the catheter and to accurately
control dispensing of the irrigating liquid from the tip of the catheter.

Date Recgue/Date Received 2022-06-17
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Summary

A system for anal and/or stomal irrigation is provided, said system comprising:

a reservoir for an irrigating liquid;

a catheter comprising a catheter tip for insertion into the rectum or stoma of a user
and for expelling of the irrigating liquid from the catheter tip;

a tubing system providing a conduit for the irrigating liquid between the reservoir and
the catheter tip;

a pump operable to pump the irrigating liquid from the reservoir to the catheter tip;
and

a control system;

- said control system being configured to control operation of the pump in response to a
measure of pressure.

In a second aspect, a method for controlling a system for anal and/or stomal irrigation is
provided, said system comprising:

a reservoir for an irrigating liquid;

a catheter comprising a catheter tip for insertion into the rectum or stoma of a user
and for expelling of the irrigating liquid from the catheter tip;

a tubing system providing a conduit for the irrigating liquid between the reservoir and
the catheter tip;

a pump operable to pump the irrigating liquid from the reservoir to the catheter tip;
and

a control system;

said control system being configured to control operation of the pump in response to a
measure of pressure,

said method comprising operating the control system to
- control the pumping operation of the pump in response to said measure of pressure.

The method may further comprise the step of determining the measure of pressure at a first
predetermined position in the tubing system, in the pump, and/or in the catheter, before,
during, or after operation of the pump.

The method may further comprise the step of determining or estimating a flow condition at
the catheter tip on the basis of said measure of pressure.
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The pumping operation of the pump may be increased or decreased in response to a measure
of pressure. Most suitably, the pumping effect decreases in response to the measure of
pressure. The pumping effect may decrease in a linear manner, or an asymptotic manner. An
asymptotic decrease in the pumping operation of the pump allows the pressure at the tip of
the catheter to gradually approach a predetermined threshold value (e.g. 2psi) without
exceeding it.

By decreasing the pressure at the tip of the catheter gradually, the user does not experience
a sudden “cut-off” in the pumping operation, or an abrupt interruption in the liquid flow. User
experience is thereby improved.

The measure of pressure could be indicative of a pressure at different locations in the
system, e.g. in the pump, in the tubing system and/or in the catheter. The measure could be
an electrical signal directly comparable with a specific pressure for a specific location, or it
could be an electrical signal which is significant for an average pressure level in the system.

The control system may be configured, based on the measure of pressure, to determine or
estimate a flow condition, e.g. at the catheter tip, in the tubing system, or in the pump.

In one example, the control system may be configured to determine when the tubing system
and catheter is filled with — or emptied of — the irrigation liquid. The pump may run and
detect when the transition from fluid pumping to air pumping (or vice-versa) occurs, by
means of a change in resistance to the pump. This is referred to as priming, and it can be
determined by the measure of pressure, or based on power consumption of the pump. This is
— for example — carried out in order to remove air from the tubing system and to ensure
filling of irrigation liquid. In one example, the control system may be configured to determine
an amount of the irrigation liquid that leaves the system through the catheter. In another
example, the control system may be configured to determine an amount of the irrigation
liguid that is contained in the tubing system. In another example, the control system may be
configured to determine an amount of the irrigation liquid that is flushed backwards due to
leakage in the pump. Such a configuration would be able to compensate pump speed and
ensure a more constant flow rate.

The pump comprises a motor-driven pump which is electronically controllable. The measure
of pressure may be provided in different ways. In one embodiment, the measure is obtained
from the characteristics of the power which is supplied to, and consumed by the pump.
Herein, we refer to this signal as “the power signal”. When the pressure changes, the motor
which drives the pump will typically consume more or less power, or the voltage will increase
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or decrease. This changes the power signal which again may be used as a measure of
pressure,

In particular, the control system may be configured to determine a measure of pressure from
the power signal.

Alternatively, or in addition, the system may comprise ocne or more pressure sensors, e.g.
located to determine a pressure. Such pressure sensors may be located at different
predetermined locations. Particularly, a pressure sensor may be located in a first
predetermined position. The first predetermined position could e.g. be in the tubing system
or in the catheter. Additionally, another pressure sensor could be located at a second
predetermined position. Again, this second predetermined position could be in the tubing
system or in the catheter. The pressure determined by such a sensor or sensors is
communicated to the control system and the pump could be controlled based thereon.

Accordingly, the measure of a pressure may include the measurements obtained by such
sensors and/or measurements obtained by use of the power signal, or the measure of a
pressure may be constituted by a measurement obtained by such sensors or from the power
signal.

The measure of pressure may include several different pressure signals, e.g. obtained at
different locations and/or obtained by different means and/or from different sensors.

If the predetermined position of the sensor is very close to the tip of the catheter, it is
possible to obtain more correct measurements of the pressure at the tip and thereby a more
exact measurement or estimation of the pressure when it leaves the catheter.

Particularly, vertical movement of the catheter will have less influence on the difference
between the pressure measurements and the actual pressure at the tip when the distance
between the predetermined position and the catheter tip decreases. Likewise, it may have
more influence when the distance increases. The predetermined position may particularly be
in the tubing system at a position which is closer to the catheter than to the pump, e.g. at a
position with at least twice the distance to the pump compared to the distance to the
catheter.

The measure of pressure allows the processor to determine or estimate a flow condition at
the catheter tip. Particularly, determining a measure of pressure at a predetermined position
in the tubing system and/or the catheter during operation of the pump, allows the processor
to determine or estimate a flow condition at the catheter tip. For example, the rise of the
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pressure at a particular flow restrictor within the tubing system to a predetermined level may
indicate the presence of irrigating liquid at the tip of the catheter. Similarly, the rise of
pressure at the catheter tip itself may indicate the presence of irrigating liquid at the tip.

The control system may be configured for determining the flow condition before, during, and
after anal or stoma irrigation. Particularly, the control system may be configured to
determine presence of the irrigating liquid at the catheter tip and/or at the pump and/or

at the aforementioned predetermined position or positions in the tubing system or catheter.

In one embodiment, the control system may comprise a memory for storing at least one
pressure threshold value indicative of the presence of the irrigating liquid in at least the first
predetermined position in the tubing system and/or the catheter and/or in at least one
second predetermined position in the tubing system and/or the catheter. In such an
embodiment, the control system may be configured to continue the pumping operation of the
pump for a limited period of time after determination, by the at least one sensor, of a
pressure value at the at least one first predetermined position which is at least equal to the
pressure threshold value or a value derived therefrom. For example, one of the first and
second predetermined positions may be a position at the catheter tip or in the vicinity
thereof, in which case the control system may be configured to continue said pumping
operation for a certain duration after the determination of said pressure threshold value.
Accordingly, the amount of irrigating liquid expelled from the catheter tip may be accurately
controlled by control of said duration.

The pressure sensors located at the mentioned predetermined locations could be pressure
transducers working according to different sensing principles. As an example, a pressure
sensor for use in accordance with the present invention may be a barometer, comprising a
membrane which responds to a pressure change by displacing a needle; or a coil, which
comprises a coiled tube that uncoils upon increasing pressure, thus displacing a needle.
Typical materials for the pressure sensors in accordance with the present invention are
plastic, metal, composite materials (e.g. fibreglass or carbon fibre materials).

The at least one pressure sensor may comprises a sensor arranged in the tubing system in
the vicinity of the catheter or within the catheter itself, at any suitable position within the
tubing and valve system.

It would be advantageous to measure pressure directly at the catheter tip. However, the
catheter is typically a disposable component of anal or stomal irrigation systems, and space
is limited.
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When the system is primed, a vertical displacement of the catheter may cause a change in
pressure due to gravity on the liquid column in the tubing system and catheter. In order to
take into account the fact that the catheter tip, the reservoir and/or the pressure sensor may
be at a different heights, the control system may be configured to determine a height
difference between the catheter, reservoir and/or pressure sensor, and to correct the
measure of pressure as determined by said sensor on the basis of said height difference, i.e.
to compensate pressure output in dependence of gravity-induced pressure.

There are different ways of obtaining a measure of the height, e.g. by incorporating the one
or more pressure sensors in the control unit, between the pump and the catheter tip, at least
some of the effect of gravity-induced pressure can be compensated for.

In one embodiment, the control system is configured to compare the measure of pressure of
a primed system with the measure of pressure of an empty system and use the comparison
to determine the height of the catheter over the location where the pressure is measured. In
another embodiment, different pressures at different locations are determined in order to
estimate the height of the catheter relative to the other parts of the system.

With knowledge of:
¢ The hydraulic properties from the control unit to the catheter tip (diameters, surfaces
and lengths, turns)
e The water flow (Q)
e The height difference between CU and catheter tip (H)
o The pressure at the control unit (Pcu)
it is possible to assess the pressure at the tip of the catheter (Ptip).

If the viscosity is considered relatively constant, the equation is:

Ptip=Pcu - Pdyn +/- Pstat

where:

Pdyn is a function of the constant and known hydraulic properties and the flow Q. If Q is “0”,
Pdyn is “0”

Pstat is maximally equivalent to the height difference between the control unit and the

catheter tip. If H is “0” Pstat is “0”. It may be plus or minus depending on whether the
control unit is above or below the catheter tip.



10

15

20

25

30

35

CA 02971503 2017-06~19

WO 2016/095929 PCT/DK2015/050403

The control system according to the invention may be configured to determine the pressure
at the tip, Ptip, e.g. by use of the above expression.

Likewise, the control system may be configured to determine a dynamic pressure at the
catheter and to correct the measure of pressure as determined by said sensor on the basis of
the dynamic pressure.

The system may comprise a plurality of pressure sensors arranged at respective positions
within the tubing system and/or the catheter, whereby the control system may be configured
to control the pumping operation of the pump in response to the determination of a
predetermined set of pressure values at said positions. Hence, for example, a pattern of
pressure increases across multiple flow restrictors may be recognized by the control system
and utilized to assess the position, within the tubing system, of a flow front of the irrigating
liquid.

By combining the at least one sensor for determining an amount of current or power
consumed by electric motor with at least one pressure sensor, it is possible to determine a
fault in either one of these sensors and whether the tubing is obstructed (e.g. by a kink)
between the motor and the pressure sensor. In one embodiment, the control system is
configured to determine a malfunction by combining a measure of pressure at one location
with a measure of pressure from another location.

With a view to reduce the risk of microbiological contamination at the catheter and the tubing
system connecting to the catheter, notably with a view to limit or eliminate the risk of
bacteria- or bio-film growth at the catheter and the collection of bacteria within the tubing
systemn, the control system may be further configured to drive the pump in a non-irrigation
mode following expelling of irrigating liquid in the irrigation mode, i.e. subsequently to
irrigation of the user’s rectum. Accordingly, the pumping operation of the pump may be
continued so as to expel the irrigating liquid at a second flow rate in the non-irrigation
operating mode. Preferably, the second flow rate is lower than a first flow rate used for
irrigation. Thus, a relatively low rate of irrigating liquid flow may be expelled from the
catheter tip subsequent to irrigation, thereby providing a moderate fluid flow in the conduits
connecting to the catheter, so as to flush microorganisms away from the catheter and/or out
of the tubing conduits. Hence, the risk of biological or bacterial contamination being collected
at the catheter or within the tubing system may be reduced.

After flushing the catheter and tubing system with irrigating liquid, air is pumped through the
catheter and tubing system. Irrigating liquid is thereby emptied from the catheter and tubing
system, and the system is ready for storage and/or transport.



10

15

20

25

30

35

CA 02971503 2017-06~19

WO 2016/095929 PCT/DK2015/050403

The system may comprise a valve system comprising at least a first valve arranged in the
conduit between the pump and the catheter tip to control flow of irrigation liquid to the
catheter tip. The first valve may thus prevent flow of the irrigation liquid when closed. The
first valve may be electrically operable by use of the control system. Accordingly, the control
systerm may be configured not only for controlling the pump but also for controlling the valve
system, and it may thereby control the flow of liquid by use of the pump, the valve system or
both the pump and valve system.

In embodiments, the catheter may comprise an expandable retention element for fixation of
the catheter tip within the user’s rectum or stoma. The conduit between the reservoir and the
catheter tip may constitute a first conduit of the tubing system, and the tubing system may
further comprise a second conduit between the reservoir and the expandable retention

element.

The valve system may include a second valve in the second conduit for controlling the flow of
the irrigating liquid between the reservoir and the expandable retention element, and the
pump and the valve system may be controllable to selectively:
- pump the irrigating liquid into the expandable retention element for expansion
thereof;
- pump the irrigating liquid through the catheter for expelling of the irrigating fluid from
the catheter tip and into the user’s rectum or stoma;
- withdraw the irrigating liquid from the retention element for purging thereof.

The ability of the pump and the valve system to withdraw the irrigating liquid from the
retention element for purging thereof allows the retention element to be purged in a
controlled manner. Expansion of the retention element as well as collapsing thereof may
hence be accurately controlled by adequate control of the pump and the valve system.
Collapsing of the retention element by a controlled action, notably by forced purging caused
by a pumping action of the pump enables purging of the retention element even under
circumstances, at which the retention element is expanded by a relatively low pressure,
which is too low for the irrigating liquid to escape from the retention element merely be
opening a valve of the valve system.

The control system may be configured to control at least one of the pump and the valves to
provide a control sequence comprising a first state where both the first and the second valve
are closed while the pump is operating, and a subsequent second state where at least one of
the first and second valves is open while the pump is operating.



10

15

20

25

30

35

CA 02971503 2017-06~19

WO 2016/095929 PCT/DK2015/050403

The shift from the first to the second state enables a more abrupt pressure control where the
pressure shifts from low to high or from high to low in very short time. The pump may e.g.
be operated until it reaches its max speed or to a predefined speed before one of the valves
are opened. This makes the pressure control more precise,

The pump is suitably a rotary pump such as a gear pump, an impeller pump, or a screw
pump. Such pumps can provide relatively accurately measured volumes of liquid, can operate
in reverse, and usually allow a small amount of back-flow.

The valve system within the tubing system is preferably configured to selectively cause one
flow configuration selected from a first, second and third flow configuration at a time,
wherein:

- the first flow configuration is arranged to cause a transfer of the irrigating liquid, by means
of said pump, from the reservoir into the expandable retention element;

- the second flow configuration is arranged to transfer the irrigating liquid, by means of said
pump, from the reservoir to the catheter;

- the third flow configuration is arranged to transfer the irrigating liquid, by means of said
pump, away from the expandable retention element.

Thus, in the first flow configuration the irrigating liquid is transferred from the reservoir to
the expandable retention element for expansion thereof. In the second flow configuration, the
irrigating liquid is transferred from the reservoir to the catheter, i.e. to the catheter tip for
insertion into the user’s rectum or stoma. In the third flow configuration, the irrigating liquid
is transferred away from the expandable retention element, either directly to the catheter tip
for flushing of the user’s bowel without the irrigating liquid passing into or through the
reservoir, or back to the reservoir.

A thermosensor may further be provided, which is connected to the reservoir for obtaining a
measure of a temperature within the reservoir, the tubing system and/or the catheter. The
control system may be operatively connected with the thermosensor, and the control system
may be configured to determine a temperature within the reservoir before the irrigating liquid
is filled or re-filled into the reservoir, determine an initial change of the temperature within
the reservoir upon commencement of filling or refilling of the irrigating liquid into the
reservoir, and predict a future asymptotic value of the temperature within the reservoir on
the basis of at least the initial change. The control system may further be configured to
continuously determine a current temperature or a current rate of change of the temperature
within the reservoir while the irrigating liquid is filled or refilled into the reservoir, and to
continuously update the prediction of the future asymptotic value of the temperature within
the reservoir on the basis of at least said current temperature and/or rate of change of the
temperature.



10

15

20

25

30

35

CA 02971503 2017-06~19

WO 2016/095929 PCT/DK2015/050403

10

Thanks to the thermosensor and the control system, a prediction of the future asymptotic
value of the temperature within the reservoir once filled, notably of the irrigating liquid, may
be made. As the prediction of the future asymptotic temperature value is continuously
updated on the basis of the current temperature and/or the rate of change of temperature, a
change of temperature of the liquid supplied to the reservoir, such as for example a change
of the ratio between hot and cold tap water, is adequately reflected in the temperature
prediction. The temperature prediction may be communicated to the user, e.g. via a display
of the system, thus allowing the user to ascertain if the temperature of the supplied liquid,
typically tap water, is to be increased or decreased.

Brief description of the drawings

Embodiments will now be further described with reference to the accompanying drawings, in

which:

Fig. 1 shows an embodiment of a system for anal and/or stomal irrigation;

Fig. 2 shows an embodiment of the housing of the pump of the system according to
Figure 1.

Fig. 3 shows an embodiment of the control unit of the system according to Figure 1.

Figs. 4 and 5 illustrate exemplary curves of temperature of an irrigating liquid in a
reservoir during filling or refilling of irrigating liquid into the reservoir;

Fig. 6 illustrates an embodiment of a method for predicting a temperature of an
irrigating liquid in a reservoir of a system for anal irrigation.

Fig. 7 illustrates exemplary curves of the flow of the irrigating liquid as a function of
pressure, during operation of the system.

Detailed description of the drawings

Fig. 1 shows an embodiment of a system for anal and/or stomal irrigation. The system
comprises a catheter 100 sized and configured for insertion into the rectum or stoma of a
user. A pump 101 is provided in a reservoir 102 for transferring an irrigating liquid contained
within said reservoir 102 to the catheter 100 and to an expandable retention element 104 in
the form of a balloon configured to fix the catheter within the user’s rectum or stoma. Pump
101 is located within a housing 200.

The catheter 100 is typically a disposable component. To this effect, a coupling means 160 is
located between the catheter 100 and tube portion 121. Coupling means 160 allows the
catheter 100 to be disconnected from the tube portion 121, and replaced as required. The
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coupling means 160 may take the form of a bayonet coupling, a push-coupling or a screw
coupling.

First tube portion 119 extends between the pump 101 and a control unit 103, while second
tube portion 121 extends between the control unit 103 and the catheter 100 and expandable
retention element 104. The control unit 103 for the pump 101 is thus located between the
liguid reservoir 102 and the catheter 100, in a convenient position for a user.

First and second tube portions 119 and 121 include separate conduits for connecting the
pump to the catheter for expelling of irrigating liquid from the catheter tip and for expansion
of the balloon 104, respectively.

The control unit 103 is provided with a display 123 for communicating an operating state of
the system and/or an asymptotic temperature value to the user, and user-operable control
buttons 125 are provided as part of a user operable control interface for controlling operation
of the pump 101. A wired connection 127 is provided for communicating a sighal between the
pump 101 and the control system 103.

Figure 2 illustrates an embodiment of the housing 200 of the pump 101, according to Figure
1. The illustrated housing 200 is liquid-tight, and comprises pump 101, thermosensor 128,
battery 129, and charging port 130 for said battery 129. As shown in Figure 2, a first
electronic control board 190 is located in the housing 200, and links the pump 101,
thermosensor 128and battery 129. The first electronic control board 190 within housing 200
is connected to the control unit 103 (Figure 1) via wired connection 127. The exact
components of the housing 200 are not limited by this embodiment, and one or more of such
components may be added, removed, or replaced by equivalent components, as deemed
necessary by the skilled person.

The housing 200 comprises an inlet 132 which allows liquid to flow between the reservoir and
the pump 101. Inlet 132 is controlled by inlet valve 133. The electronic control board 140
also controls inlet valve 133. The pump 101 is suitably a gear pump.

An irrigation conduit 122 is arranged to receive irrigating liquid from the pump 101 and
transfer it to the catheter 100 for anal irrigation. An irrigation conduit valve 141 is located in
said irrigation conduit 122, for controlling the ligquid flow in this conduit. Irrigation conduit
valve 141 is controlled by electronic control board 140.

A balloon conduit 124 is arranged to receive irrigating liquid from the pump 101 and transfer
it to the expandable retention element 104. A balloon conduit valve 142 is located in said
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balloon conduit 124, for controlling the liquid flow in this conduit. Balloon conduit valve 142 is
controlled by electronic control board 190.

Balloon conduit valve 142 and irrigation conduit valve 141 allow liquid to escape from the
balloon 104 or from the catheter 100 in case the pressure therein exceeds the threshold
pressure defined by these valves. Balloon conduit valve 142 drains liquid from the balloon
104 to the reservoir 102 in the case of excessive pressure within the balloon 104, and the
irrigation conduit valve 141 drains liquid from the catheter 100 to the reservoir 102 in the
case of excessive pressure within the user’s rectum or stoma.

A check valve 143 is also located in the irrigation conduit 122. The check valve 143 acts to
prevent backflow of irrigating liquid from the catheter 100, or any position downstream of the
pump, to the reservoir 102.

Housing 200 also comprises an encoder 145, which converts digital signals from the first
electronic control board 140 into control signals for the motors of pump 101,

Figure 3 illustrates the components of the control unit 103 shown in Figure 1. As shown, the
control unit comprises a second electronic control board 146, which is connected to the first
electronic control board 190 in housing 200 (see Figure 2) via wired connection 127.

The first tube portion 119, comprising conduits 124 and 122 extends from the pump housing
200 to the control unit 103, as does wired connection 127. Conduits 124 and 122 pass
through the control unit to the catheter 100 and expandable retention element 104, via said
second tube portion 121.

The exact components of the control unit 103 are not limited by this embodiment, and one or
more of such components may be added, removed, or replaced by equivalent components,
as deemed necessary by the skilled person.

The second electronic control board 146 receives input from a user, and thermosensor 128
(in pump housing 200, Figure 2), and communicates data to a display. The data
communicated to the display may include a predicted future asymptotic value of the
temperature of the irrigating liquid within the reservoir 102 as determined by thermosensor
128. The data may be continuously updated as the second electronic control board 146
continuously updates the temperature prediction while irrigating liquid is being filled or re-
filled into the reservoir.
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Balloon pressure sensor 152 is located in the control system 103, and acts to measure the
pressure in the balloon conduit 124, Irrigation pressure sensor 153 is located in the control
system 103, and acts to measure the pressure in the irrigation conduit 122. Pressure sensors
152 and 153 are also connected to the second electronic control board 146 within the control
unit 103. The pressure sensors 152, 153 output a signal to the control system 103, which
operates the pump 101 and/or the actively controllable balloon conduit valve 142 and
irrigation conduit valve 141, on the basis of said signal and other signals as described herein.

A control system comprises a controller for controlling operation of the pump; at least one
sensor for determining a measure of pressure in the tubing system and/or the catheter
during operation of the pump and a processor. First and second control boards 190, 146,
either jointly or individually, comprise the processor of the control system. The control
system may determine or estimate a flow condition at the catheter tip on the basis of the
measure of pressure provided by pressure sensors 152, 153. The control system is
configured to control the pumping operation of the pump 101 in response to said measure of
pressure. More specifically, the control system continues pumping operation of the pump 101
for a limited period of time after determination, by the pressure sensors 152, 153, of a
pressure value which is at least equal to a pressure threshold value or a value derived
therefrom.

In particular, by using the signal from the irrigation pressure sensor 153 in this manner, the
amount of irrigating liquid expelled from the catheter tip may be accurately controlled. As an
alternative to the embodiment shown, the irrigation pressure sensor 153 may be arranged in
the tubing system 121, 124 in the vicinity of the catheter 100 or within the catheter 100
itself.

In a first flow configuration, the balloon conduit valve 142 is open, and the irrigation conduit
valve 141 is closed while the pump 101 operates. Accordingly, irrigating liquid is transferred
from the reservoir 102 to the balloon 104 for expansion thereof.

In a second flow configuration, the irrigation conduit valve 141 is open, and balloon conduit
valve 142 is closed while the pump 101 operates. Irrigating liquid is thus transferred from the
reservoir 102 to the catheter 100, at the tip of which the liquid is expelled into the user’'s
rectum or stoma so as to irrigate the user’s bowel.

In a third flow configuration, operation of the pump 101 is reversed and balloon conduit valve
142, while the irrigation conduit valve 141 is closed. The balloon 104 is hence purged.

Figs. 4 and 5 illustrate exemplary curves of temperature of the irrigating liquid in the
reservoir 102 during filling or refilling of irrigating liquid into the reservoir. In the chart of Fig.
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4, the initial temperature of the irrigating liquid within the reservoir 102 as determined by
thermosensor 128 is approximately 20°C. As the user’'s bowel should be irrigated with liquid
at a temperature not exceeding approximately 40°C, preferably at a temperature of 20-40°C,
most preferably at a temperature of 36-38°C, the user starts pouring liquid, such as tap
water, at an elevated temperature into the reservoir.

The operation of the system illustrated in Figures 1-3 will now be described. An initial change
of the temperature within the reservoir is determined by the thermosensor 128 upon
commencement of filling or refilling of the irrigating liquid into the reservoir 120. In Fig. 4,
the initial temperature change is represented by elevated temperature Tt at time ti. On the
basis of the initial temperature change, a future asymptotic value of the temperature,
denoted “True” in Fig. 4, within the reservoir is predicted on the basis of at least the initial
change.

As shown in Fig. 5, a current temperature or a current rate of change of the temperature
within the reservoir is continuously determined by means of thermosensor 128 and control
system 103, while the irrigating liquid is filled or refilled into the reservoir, and the prediction
of the future asymptotic value of the temperature within the reservoir is continuously
updated on the basis of at least said current temperature and/or rate of change of the
temperature. More specifically, at the start of the filling or refiling procedure, an initial
temperature change T: is determined at a first point in time, ti. The first initial temperature
change as represented by Ti is used for a first prediction, Ta, of a future asymptotic
temperature value of the irrigating liquid within the reservoir 102 once filled. At a second
point in time, t2, when the temperature as determined by the thermosensor 128 has reached
level T2, the temperature of the liquid supplied to the reservoir changes, for example as the
user changes the ratio of hot to cold water in the tap. At a third point in time ts, a third
temperature value Tz is obtained, and second prediction Ts is made. Subsequently, at a
fourth point in time, t4, a fourth temperature level T4 is reached, and the temperature of the
liquid filled into the reservoir 102 changes abruptly for a second time. The change of the
supplied liquid is reflected by temperature Ts at time ts, on the basis of which a third
asymptotic temperature prediction Tw is made.

During the above procedure, the predicted temperature values Ta, Te and Tw are shown to
the user via display 123 (see Figs. 1 and 3) as they are determined by the control system
103.

The above procedure of continuously determining and updating the asymptotic temperature
prediction is generally depicted in Fig. 6.
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Once the reservoir has been filled with the required volume of liquid, at the required

temperature, the following steps are carried out:

vi.

vil.

viii.

Xi.

Xii.

The pump is operated with irrigation conduit valve and balloon conduit valve open.
When liquid reaches the pump (indicated by an increase in the resistance in the pump
operation), both these valves are closed.

To prime the catheter, the irrigation conduit valve is opened sufficiently to fill the
tubing, and the catheter packaging. This takes e.g. 30-40mil of liquid, which can be
correlated with a certain number of pump revolutions, or a certain time which the
irrigation conduit valve is open. By filling the catheter packaging, a coating on the
catheter is hydrated and made lubricious.

Both irrigation conduit valve and balloon conduit valve are then closed, while the user
inserts the catheter into the rectum.

The user signals via the control unit that the catheter is in place. Filling of the balloon
then begins.

To provide a more precise liquid flow, the pump is first operated (e.g. at 700-
750ml/minute) with both irrigation conduit valve and balloon conduit valve closed. At
this point, any deviation from ideal pump operation can be detected by the first
electronic control board (e.g. if too much current is drawn).

The balloon conduit valve is then opened, so that irrigation liquid flows to the balloon
and fills it. Again, the appropriate volume supplied to the balloon can be determined
by a certain number of pump revolutions, or a certain time for which the balloon
conduit valve is open.

When the balloon is appropriately filled, the balloon conduit valve is closed. Pumping
operation may be stopped.

At this point, the static pressure (Pstat) in the balloon conduit can be measured by
the balloon pressure sensor, and used to determine the height difference (H) between
the control unit and the catheter tip. This height difference (H) can then be used to
determine the static pressure Pstat in the irrigation conduit.

Now, the balloon is full, the catheter is primed and a measure of Pstat in the irrigation
conduit is known.

Pumping operation is started, while both irrigation conduit valve and balloon conduit
valve are closed.

The user signals the volume of liquid required for irrigation. This can be in the range
100-1000ml, but is typically around 300-400ml.

The irrigation conduit valve is opened, and the required volume of irrigation liquid
flows through the catheter and into the user’s colon. As above, the required volume
can be determined through a certain number of pump revolutions, or a certain time
which the irrigation conduit valve is open.
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Xiii. A user can opt to introduce more liquid to the colon as required.

Xiv. During irrigation operation, the control system constantly calculates the liquid
pressure at the catheter tip (Ptip) —~ according to the formula given above - and
regulates the pumping operation of the pump in response to Ptip.

XV. If the liquid pressure at the catheter tip (Ptip) approaches 2.0psi, pump operation is
slowed or stopped.

Fig. 7 illustrates an exemplary curve of the flow of the irrigating liquid as a function of
pressure, during operation of the system. The user’s bowel should be irrigated with liquid at a
pressure not exceeding approximately 2psi, preferably at a pressure of 1.5-1.9psi, most
preferably at a pressure of 1.6-1.7psi.

In the chart of Fig. 7, the initial flow of the irrigating liquid as determined by the pump
operating speed is approximately 700ml/min. Accordingly, the assessed bowel pressure
increases.

As the assessed bowel pressure approaches an intermediate value, e.g. between 1.4 and 1.6
psi, the liquid flow, as determined by the pump operating speed, is regulated by the control
system, and falls gradually as the assessed bowel pressure nears a predetermined maximum
value (in this case 2psi).

The various plots in Figure 7 illustrate how the liquid flow rate may be regulated as the bowel
pressure approaches 2psi. The solid line illustrates that liquid flow rate is held at a constant
value of 700mi/min until it is stopped at 2psi. The dashed line illustrates that liquid flow rate
begins to fall at around 1.6psi, until 2psi, where it is stopped. The line of alternating dashes
and dots illustrates that the liquid flow rate begins to fall at around 1.6psi and continues to
fall until zero flow at 2psi.

To remove the catheter from the rectum, the pump operates in reverse and the balloon
conduit valve is opened, so as to empty liquid from the balloon.

Using “off-the shelf” components for a system, it has previously proven difficult to
manufacture anal irrigation systems which meet the strict requirements for a maximum
bowel pressure set out in the legislation (e.g. 2psi). For instance, a difference in tubing
diameter between two tubes, resulting from manufacturing tolerances, can lead to a
difference in pressure between said tubes, when irrigation liquid is pumped through.
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Accordingly, a method has been developed for calibrating a system as described herein. The
method comprises the steps of:

- providing an irrigation system according to the invention;

- defining a predetermined height of the catheter tip above said reservoir, together with
a corresponding pressure of the irrigating liquid at said predetermined height;

- pumping irrigating liquid from the reservoir to the catheter tip;

- measuring the pressure of the irrigating liquid at said predetermined position, by
means of said at least one sensor; and determining or estimating the liquid pressure
at the catheter tip on the basis of said measure of pressure at said predetermined
position;

- calibrating the system such that the determined or estimated pressure of the
irrigating liquid at said catheter tip does not exceed 2psi.

The step of calibrating the system may be carried out by e.g. limiting the pumping operation
of the pump 101. For instance, the control system can be programmed such that a pump
speed above a certain maximum value cannot be achieved. Alternatively, calibrating the
system may be achieved by limiting the irrigation conduit valve 141 so that the determined
or estimated pressure of the irrigating liquid at said catheter tip does not exceed 2psi.
Additionally or alternatively, a calibrating valve may be provided in the irrigation conduit 122
(e.g. within housing 200) which can be adjusted during manufacture of the system.

The predetermined height in the calibration method is typically the height of a toilet seat
from the floor; e.g.30-50cm.

The following numbered aspects are provided:

Aspect 1. A system for anal and/or stomal irrigation comprising:

a reservoir for an irrigating liquid;

a catheter comprising a catheter tip for insertion into the rectum or stoma of a
user and for expelling of the irrigating liquid from the catheter tip;

a tubing system providing a conduit for the irrigating liquid between the
reservoir and the catheter tip;

a pump operable to pump the irrigating liquid from the reservoir to the catheter
tip;

a control system for controlling a flow condition of the irrigating liquid at the
catheter tip during anal or stoma irrigation;
said control system comprising:

- a controller for controlling operation of the pump;
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- at least one sensor for determining a measure of pressure at at least one first
predetermined position in the tubing system and/or the catheter during operation of
the pump;

- a processor for determining or estimating said flow condition at the catheter tip on
the basis of said measure of pressure;

the control system being configured to control the pumping operation of the pump in
response to said measure of pressure.

Aspect 2. The system as in Aspect 1, wherein the control system further comprises a memory
for storing at least one pressure threshold value indicative of the presence of the irrigating
liquid

- at at least the first predetermined position in the tubing system and/or the catheter and/or
- at at least one second predetermined position in the tubing system and/or the catheter;

the control system being configured to continue the pumping operation of the pump for a
limited period of time after determination, by the at least one sensor, of a pressure value at
said at least one first predetermined position which is at least equal to the pressure threshold
value or a value derived therefrom,

Aspect 3. The system as in Aspect 1 or 2, wherein said at least one sensor comprises at least
one pressure sensor.

Aspect 4. The system as in any of the preceding Aspects, wherein the at least one pressure
sensor comprises a sensor arranged in the tubing system in the vicinity of the catheter or
within the catheter.

Aspect 5. The system as in Aspect 4, wherein the control system is configured to determine a
height difference between a position of the catheter and a position of the reservoir and to
correct the measure of pressure as determined by said sensor on the basis of said height
difference.

Aspect 6. The system as in Aspect 4 or 5, wherein the control system is configured to
determine a dynamic pressure at the catheter and to correct the measure of pressure as
determined by said sensor on the basis of said dynamic pressure.

Aspect 7. The system as in any of Aspects 3-5, wherein the at least one pressure sensor
comprises a plurality of pressure sensors arranged at respective positions within the tubing
system and/or the catheter, and wherein the control system is configured to control the
pumping operation of the pump in response to the determination of a predetermined set of
pressure values at said positions.
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Aspect 8. The system as in Aspect 1 or 2, wherein said pump is driven by an electric motor,
and wherein said at least one sensor for determining a measure of pressure comprises at
least sensor for determining an amount of current or power consumed by electric motor,

Aspect 9. The system as in Aspect 8, wherein the control system is configured to determine
said amount of current or power consumed by the electric motor at a constant speed of the

motor.

Aspect 10. The system as in any of the preceding Aspects, wherein the control system is
further configured to:

- control pumping operation of the pump to expel the irrigating liquid at a first flow rate in an
irrigation operating mode;

- enter a non-irrigation mode following expelling of irrigating liquid in the irrigation mode;
and

- control pumping operation of the pump to expel the irrigating liquid at a second flow rate in
the non-irrigation operating mode;

wherein the second flow rate is lower than the first flow rate.

Aspect 11. The system of any of the preceding Aspects, wherein

the catheter comprises an expandable retention element for fixation of the
catheter tip within the user’s rectum or stoma;
said conduit between the reservoir and the catheter tip constitutes a first conduit of the
tubing system; and wherein
the tubing system further comprises a second conduit between the reservoir and the
expandable retention element;
the system further comprising:

a valve system in the second conduit for controlling the flow of the irrigating
liquid between the reservoir and the expandable retention element; wherein the pump and
the valve system is controllable to selectively:

- pump the irrigating liquid into the expandable retention element for expansion
thereof;

- pump the irrigating liquid through the catheter for expelling of the irrigating fluid from
the catheter tip and into the user’s rectum or stoma;

- withdraw the irrigating liquid from the retention element for purging thereof.

Aspect 12. A method for controlling a system for anal and/or stomal irrigation, said system
comprising:
a reservoir for an irrigating liquid;
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a catheter comprising a catheter tip for insertion into the rectum or stoma of a
user and for expelling of the irrigating liquid from the catheter tip;
a tubing system providing a conduit for the irrigating liquid between the
reservoir and the catheter tip;
a pump operable to pump the irrigating liquid from the reservoir to the catheter
tip;
at least one sensor for determining a measure of pressure at at least one first
predetermined position in the tubing system and/or the catheter during operation of the
pump;
a control system for controlling a flow condition of the irrigating liquid at the
catheter tip during anal or stoma irrigation and for controlling operation of the pump;
said method comprising operating the control system to:
- determine a measure of pressure at at least one first predetermined position in the
tubing system and/or the catheter during operation of the pump;
- determine or estimate said flow condition at the catheter tip on the basis of said
measure of pressure;
- control the pumping operation of the pump in response to said measure of pressure.
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WE CLAIM:

1. A system for anal or stomal irrigation, the system comprising:

a reservoir adapted to contain an irrigating liquid;

a catheter comprising a catheter tip sized for insertion into one of a rectum and a stoma
of a user and adapted to expel the irrigating liquid from the catheter tip;

a tubing system providing a conduit for the irrigating liquid between the reservoir and the
catheter tip;

a pump operable to pump the irrigating liquid from the reservoir to the catheter tip; and

a control system including a sensor, with the sensor located in the tubing system adjacent
to the catheter;

wherein the control system is configured to control operation of the pump inresponse to
input from the sensor to have a measured pressure at the catheter tip gradually approach a

predetermined threshold pressure value without exceeding the predetermined pressure value.

2. The system of claim 1, wherein the control system comprises a processor for determining a flow

condition at one of the catheter tip and the tubing system based on the measured pressure.

3. The system of claim 1, wherein the control system is configured to determine a presence of the

irrigating liquid at the catheter tip.

4, The system of claim 1, wherein the control system is configured to determine a presence of the

irrigating liquid at the pump.

5. The system of claim 1, wherein the control system is configured to determine a presence of the

tubing system.

6. The system of claim 1, wherein the control system is configured to continue a pumping operation
of the pump for a period of time after determination of a presence of the irrigating liquid at one

of the catheter tip and the pump.
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The system of claim 1, wherein the control system is configured to determine a height difference
between two different positions of one of the catheter, the tubing system, and the reservoir, and

to adjust an operating pressure based on the determined height difference.

The system of claim 7, wherein the control system is configured to determine the height
difference based on one of a static pressure and a dynamic pressure of the irrigating liquid in the

tubing system.

The system of claim 1, wherein the control system is configured to determine a dynamic pressure
difference between a position of the sensor position and the catheter tip and to adjust the

measured pressure based on the determined dynamic pressure difference.

The system of claim 1, wherein the at least one pressure sensor comprises a plurality of pressure

sensors located in one of the tubing system and the catheter.

The system of claim 1, wherein the control system is operable to:

control a pumping operation of the pump to expel the irrigating liquid at a first flow rate
in an irrigation operating mode; enter

a non-irrigation mode after expelling the irrigating liquid in the irrigation operating mode;
and

control the pumping operation of the pump to expel the irrigating liquid at a second flow
rate in the non-irrigation mode;

wherein the second flow rate is lower than the first flow rate.

The system of claim 1, wherein the pump is located in the reservoir.

The system of claim 1, further comprising a push coupling secured between the catheter and the
tubing system, and the push coupling is configured to disconnect the catheter from the tubing

system.

The system of claim 1, wherein the catheter comprises an expandable retention element and the
conduit includes a first conduit and a second conduit, with a first valve located in the first conduit

and a second valve located in the second conduit;

Date Recue/Date Received 2023-06-21
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wherein the control system operates to:
pump the irrigating liquid into the expandable retention element;
pump the irrigating liquid through the catheter and out from the catheter tip; and

withdraw the irrigating liquid from the retention element.

15. The system of claim 14, wherein the control system is configured to control the pump and the
first valve and the second valve to provide a control sequence comprising a first state where both
the first valve and the second valve are closed while the pump is operating, and a subsequent
second state where at least one of the first valve and second valve is open while the pump is

operating.

16. The system of claim 1, wherein the pressure at the catheter tip asymptotically approaches the

predetermined threshold pressure value.

17. A method for anal or stomal irrigation, the method comprising:

providing an irrigation system to a user with the system comprising a reservoir adapted
to contain an irrigating liquid, a catheter comprising a catheter tip sized for insertion into one of
a rectum and a stoma of the user, a tubing system providing a conduit for the irrigating liquid
between the reservoir and the catheter tip, a pump operable to pump the irrigating liquid from
the reservoir to the catheter tip, a control system, and a sensor located in the tubing system,;

instructing the user to operate the system to expel the irrigating liquid from the catheter
tip; and

controlling an irrigation pressure with the control system in response to input from the
sensor such that a pressure at the catheter tip approaches a predetermined threshold pressure

value without exceeding the predetermined pressure value.

18. The method of claim 17, further comprising:
enhancing an irrigation experience of the user by gradually decreasing the pressure at the

catheter tip to avoid a cut-off of pumping operation.

19. The method of claim 17, measuring a pressure of the irrigating liquid in the conduit of the tubing

system.

Date Recue/Date Received 2023-06-21
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The method of claim 17, wherein the pump comprises a motor, the method comprising measuring
the irrigation pressure with the control system by measuring a value of a power signal from the

motor.

The method of claim 17, further comprising:
priming the irrigation system by removing air from the tubing system by moving the

irrigating liquid out of the reservoir and into the tubing system.

The method of claim 17, further comprising:
measuring a volume of irrigating liquid that leaves the irrigation system through the

catheter.

The method of claim 17, wherein the sensor is located in the tubing system adjacent to the
catheter, and the input from the sensor comprises a measuring a pressure of the irrigating liquid

in the catheter.

The method of claim 17, wherein the control system comprises a plurality of sensors including the
sensor located in the tubing system and a second sensor in the catheter, the method comprising

controlling the irrigation pressure in response to input from the sensor and the second sensor.

The method of claim 17, further comprising:
a catheter sensor located in the catheter, the method comprising measuring the irrigation

pressure at the catheter tip in response to input from the catheter sensor.

The method of claim 17, wherein the control system comprises a processor, the method
comprising determining a flow condition at one of the catheter tip and the tubing system with the

processor.

The method of claim 17, further comprising determining a presence of the irrigating liquid at the

catheter tip.

The method of claim 17, further comprising determining a presence of the irrigating liquid at the

pump.
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The method of claim 17, further comprising determining a presence of the tubing system.

The method of claim 17, further comprising pumping the irrigating liquid through of the pump for
a period of time after determining a presence of the irrigating liquid at one of the catheter tip and

the pump.

The method of claim 17, further comprising measuring a height difference between two different
positions of one of the catheter, the tubing system, and the reservoir with the control system,

and adjusting an operating pressure of the pump based on the height difference.

The method of claim 17, further comprising measuring a height difference between two different
positions of one of the catheter, the tubing system, and the reservoir with the control system
based on one of a static pressure and a dynamic pressure of the irrigating liquid in the tubing

system.

The method of claim 17, further comprising determining a dynamic pressure difference between
a position of the sensor and the catheter tip and adjusting the irrigation pressure based on the

dynamic pressure difference.

The method of claim 17, further comprising:

pumping the irrigating liquid through the system at a first flow rate in an irrigation
operating mode;

entering a non-irrigation mode and pumping the irrigating liquid at a second flow rate in

the non-irrigation mode, where the second flow rate is lower than the first flow rate.

The method of claim 17, wherein the catheter comprises an expandable retention element and
the conduit includes a first conduit and a second conduit, with a first valve located in the first
conduit and a second valve located in the second conduit, the method comprising:

pumping the irrigating liquid into the expandable retention element;

pumping the irrigating liquid through the catheter and out from the catheter tip; and

moving the irrigating liquid out of the retention element.

Date Recue/Date Received 2023-06-21
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The method of claim 17, further comprising: calibrating the irrigation system through a series of
steps including:

defining a predetermined height of the catheter tip above the reservoir and measuring a
first pressure of the irrigating liquid at the predetermined height;

pumping the irrigating liquid from the reservoir to the catheter tip;

determining a liquid pressure at the catheter tip based on the measurement of the first
pressure; and

calibrating the irrigation system such that the determined liquid pressure at the catheter

tip does not exceed 2psi.

The method of claim 17, comprising controlling that the pressure at the catheter tip
asymptotically approaches the predetermined threshold pressure value without exceeding the

predetermined pressure value.
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