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(54) Title: FLUID COLLECTION AND EXPULSION APPARATUS

(57) Abstract: A centrifugal pump (20) for use with a
portable fluid collection apparatus for collecting fluid
produced by a person, the centrifugal pump comprising
a substantially cylindrical pump chamber (26) having
an inner diameter (D3), a fluid inlet (24) in fluid com-
munication with said pump chamber, and a fluid outlet
(28) in fluid communication with said pump chamber.
The pump tfurther comprises an impeller (10) having an
outer diameter (D2) and being rotatably mounted on a
driveshaft (22) within said pump chamber intermediate
said fluid inlet and said fluid outlet, where said drive-
shaft is rotatable by driving means to rotate said im-
peller in use and accelerate fluid flowing into said
pump chamber through said fluid inlet and out of said
fluid outlet. The inner diameter of the pump chamber is
substantially equal to or greater than 1.40 times the
outer diameter of the impeller.
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Fluid Collection and Expulsion Apparatus

[0001] The present invention relates to fluid collection and expulsion apparatus and
particularly, although not exclusively, where the fluid is one produced by a person, such as
urine. The present invention particularly relates to a centrifugal pump.

BACKGROUND

[0002] Urinary incontinence can affect a wide range of people. In particular, many stroke
victims suffer from urinary incontinence as a result of partial brain damage caused by their
stroke. After the stroke, the individual may be otherwise healthy and urinary incontinence
can severely restrict their lifestyle, not to mention be a cause of personal embarrassment.

f0003] Individuals suffering from urinary incontinence are generally prescribed leg bags.
Leg bag systems typically comprise a urine bag that straps to the individual’s leg and is
connected by tubing to a catheter or other urine collection device worn by the individual.
The urine bag has an outlet having a tap or valve for the individual or medical staff to
empty the bag through.

[0004] In many cases, the outlet tap or valve is down by the individual’s ankle making it
difficult for some individuals to access if they are elderly or less physically able, for
example. In these situations, another person such as a carer or family member must
operate the tap or valve to empty the bag. This results in a loss of independence and
possibly a loss of dignity for the individual.

[0005] As of the date of this application, three types of outlet tap or valve are in general
usage on common leg bags. None of these are entirely leak proof and all suffer the
problem of leakage at some stage during their use.

[0006] One particularly important consideration for a leg bag user is knowing when the
bag requires emptying. If the bag becomes too full, urine can flow back up into the
individual (known as “reflux”) and present a serious infection risk to the individual. A
common result of this problem is that leg bag users are reluctant to take in fluids, i.e. they
drink less to avoid filling the bag frequently. This is not conducive to infection prevent.

~ Furthermore, patients who are recovering from iliness tend to suffer from dehydration, so

reluctance to intake fluid will hinder their recovery.

[0007] A leg bag system that addresses some of these problems is described in the
application WO-A-03/055423 (Wills, Trevor). The system comprises a leg bag having
sensing means for detecting a fluid level in the bag and processing means for processing
information received by the sensing means. The system further comprises signaling
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means for alerting the user when the fluid reaches a predetermined level, so that the user
can empty the contents of the bag before it becomes too full. In some arrangements, the
system further comprises a pump facilitating emptying of the bag via an upper outlet
obviating the need for the individual to bend down and access a gravity-driven outlet tap or

valve below the bag.

[0008] For hygiene reasons, leg bags need to be replaced at regular intervals. For
example, to reduce the risk of infection but not prove too much of an inconvenience, typical

leg bags may be replaced every seven days.

[0009] Leg bags utilizing electronic means such as sensors, controllers and pumps also
require a power source to operate. Given that leg bags are designed to provide their users
with more independence and freedom, a portable power source such as one or more
batteries is appropriate. Rechargeable batteries are particularly suitable. For the
convenience of the user, it is preferable that the batteries are able to power the electronic
components for at least as long as a single bag is being used (e.g. seven days), before
replacement or recharging of the batteries is required. Typically, however, it is found that
leg bags using standard pumps, such as centrifugal pumps, draw too much current to be
powered by a single battery power source over a seven day period. If smaller, less-current
draining standard pumps are used, the required pumping pressure is not achieved to

sufficiently eject fluid upward from the bag through an outlet.

[0010] Level detection may be done by electromechanical means, such as a floating
component at the surface of the fluid which contacts an electrical contact at a set level
within the bag. However, electromechanical measurement means are commonly large
and cumbersome which is not desirable in a leg bag that seeks to be as small and discreet
as possible. Additionally, the presence of moving parts has associated manufacturing and
assembly costs and may also give rise to reliability issues in the device. Alternative leg
bags use sensors to detect the fluid level by measuring a property of the urine, such as
resistance, to ascertain the total volume. However, there is wide variation in the
composition (e.g. material content and concentration) of urine produced by an individual
which depends on a large number of variables, including the food and drink intake of the
individual. Therefore, accurate determination of volume by measurement of urine
properties becomes difficult, especially in very dilute urine. One solution to this is to use a
“set-level”, which covers a certain range of the parameter being measured, to indicate that
a specified level (and hence volume) has been reached. The “set-level” might be changed
to suit different individuals and their specific conditions. However, this is far from the ideal
situation where accurate measurements can be taken from all individuals, regardless of

their food and drink intake. In the absence of accurate measurements, false alarms may
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be activated when the level is below the level at which the bag requires emptying, possibly
increasing the frequency that the user needs to empty the bag and thereby proving to be
unnecessarily inconvenient.

[0011] A further consideration regarding the accuracy of measurement is the possibility of a
moving fluid within the bag causing the level measurement means to falsely indicate that the
bag requires emptying. This may arise as a result of the individual walking or otherwise moving
with the leg bag attached to them. Clearly, false readings and subsequent false alarms would
be inconvenient and irritating to the user.

[0012] It is an object of the present invention to provide a centrifugal pump that improves on or
overcomes at least some of the problems associated with the prior art.

[0012A] Reference to any prior art in the specification is not an acknowledgment or suggestion
that this prior art forms part of the common general knowledge in any jurisdiction or that this
prior art could reasonably be expected to be combined with other pieces of prior art by a skilled
person in the art.

BRIEF SUMMARY OF THE DISCLOSURE

[0013]In accordance with a first aspect of the present invention there is provided a centrifugal
pump for use with a portable fluid collection apparatus for collecting fluid produced by a person,
the centrifugal pump comprising:

a substantially cylindrical pump chamber having an inner diameter;
a fluid inlet in fluid communication with said pump chamber;
a fluid outlet in fluid communication with said pump chamber; and

an impeller having an outer diameter and being rotatably mounted on a driveshaft
within said pump chamber intermediate said fluid inlet and said fluid outlet, where said
driveshaft is rotatable by driving means to rotate said impeller in use and accelerate fluid

flowing into said pump chamber through said fluid inlet and out of said fluid outlet;

wherein the inner diameter of the pump chamber is substantially equal to or
greater than 1.40 times the outer diameter of the impeller.

[0014]In one preferable embodiment, the inner diameter of the pump chamber is equal to or
less than 1.50 times the outer diameter of the impeller. In a further or alternative preferable
embodiment, the inner diameter of the pump chamber is substantially equal to or greater than
1.42 times the outer diameter of the impeller. In a particularly preferable embodiment, the inner
diameter of the pump chamber is between 1.42 and 1.45 times the outer diameter of the
impeller, inclusive, or is between 1.42 and 1.43 times the outer diameter of the impeller,

inclusive.
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[0015]In any embodiment, the impeller preferably comprises a central spindle rotatably
mounted on said driveshaft, and a plurality of circumferentially spaced blades extending radially
from said central spindle, wherein said outer diameter of said impeller is the largest dimension
of the impeller in a direction substantially perpendicular to said driveshaft.

[0016]A longitudinal axis of said fluid outlet is preferably arranged substantially perpendicularly
relative to a longitudinal axis of said fluid inlet and radially aligned with said impeller.

[0017] As described herein, but not claimed, there is provided a portable fluid collection
apparatus comprising:

a fluid reservoir for receiving fluid produced by a person, the fluid reservoir having
a reservoir inlet and an reservoir outlet; and

a centrifugal pump according to the first aspect of the present invention, wherein
the fluid inlet of the pump is in fluid communication with said reservoir outlet.

[0018] The portable fluid collection apparatus preferably further comprises an outlet conduit in
fluid communication with the fluid outlet of said pump, and/or further preferably comprises a
battery for powering said pump via driving means.

[0019]in one preferable embodiment said fluid reservoir is disposable and/or said pump is
disposable.

[0020] The portable fluid collection apparatus preferably further comprises detection means for
detecting a property of fluid within the fluid reservoir, wherein said detection means preferably
comprise means for measuring a property of fluid between a first position and a second position
spaced from said first position. Preferably, said detection means further comprises means for
measuring a property of fluid between said first position and a third position, where the distance
between said first position and said third position is less than the distance between said first
position and said second position.

[0021] Said detection means preferably comprises means for measuring an electrical or optical
property of fluid, and preferably comprises means for measuring one or more of electrical
resistance, capacitance, electrical resonance and optical transmittance of fluid.

[0022] Preferably, said second position is located so as to come into contact with fluid when the
fluid reservoir contains a volume of fluid that is between 55% and 75% of its maximum capacity,
and preferably between 60% and 70% of its maximum capacity, and further preferably between
64% and 68% of its maximum capacity. Further preferably, said second position is located so
as to come into contact with fluid when the fluid reservoir contains a volume of fluid that is about
66% of its maximum capacity.

[0023] The portable fluid collection preferably further comprises processor means configured to
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receive data from the detection means and determine the level of fluid within the fluid reservoir,
and signal means for producing an audible, visual, or tactile signal, wherein said processor
means is configured to activate said signal means to produce said signal when the determined
level of fluid within the fluid reservoir exceeds a predetermined threshold.

[0024] Said processor means are preferably configured to calibrate measured data
corresponding to a property of fluid between said first position and said second position using
measured data corresponding to a property of fluid between said first position and said third
position in order to determine the level of fluid within the fluid reservoir.

[0025] Preferably, said processor means are configured to receive a data packet from the
detection means a plurality of times per second and is further configured to only activate said
signal means to produce a signal when said processor means determines that the level of fluid
within the fluid reservoir exceeds said predetermined threshold over a predetermined number of
successive data packets.

[0026] In one preferable embodiment, said processor means are configured to receive a data
packet from the detection means 15 times per second or more, and/or wherein said
predetermined number of successive data packets is between 15 and 45, and preferably 30.

[0027]In another preferable embodiment, said processor means are configured to receive a
data packet from the detection means 100 times per second, 125 time per second, 256 times
per second, or more.

[0028] Said detection means preferably comprise one or more electrical wires for connecting
said detection means to a power source and/or said processor means, and wherein said one or
more wires pass out from the inside of said reservoir to the outside of said reservoir through an
outlet fitting having a bore, wherein a seal around the one or more wires in the bore is formed
by a heat shrinkable sleeve sheathing the one or more wires and a heat cured epoxy resin.

[0029] Alternatively, said detection means preferably comprise one or more electrical wires for
connecting said detection means to a power source and/or said processor means, and wherein
said one or more wires pass out from the inside of said reservoir to the outside of said reservoir
through an outlet fitting having a bore, wherein a seal around the one or more wires in the bore
is formed by an elastomeric sleeve sheathing the one or more wires.

[0030] As described herein, but not claimed, there is provided a portable fluid collection
apparatus comprising:

a fluid reservoir for receiving fluid produced by a person; and

detection means for detecting a property of fluid within the fluid reservoir;
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wherein said detection means comprises means for measuring a property of fluid
between a first position and a second position spaced from said first position and means for
measuring a property of fluid between said first position and a third position, where the distance
between said first position and said third position is less than the distance between said first
position and said second position.

[0031] The portable fluid collection apparatus preferably further comprises processor means
configured to receive data from the detection means and determine the level of fluid within the
fluid reservoir, said processor means being further configured to calibrate measured data
corresponding to a property of fluid between said first position and said second position using
measured data corresponding to a property of fluid between said first position and said third
position in order to determine the level of fluid within the fluid reservoir.

[0032] Preferably, the portable fluid collection apparatus further comprises signal means for
producing an audible, visual, or tactile signal, wherein said processor means is configured to
activate said signal means to produce said signal when the determined level of fluid within the
fluid reservoir exceeds a predetermined threshold.

[0033] Said detection means preferably comprises means for measuring an electrical or optical
property of fluid and preferably comprises means for measuring one or more of electrical

resistance, capacitance, electrical resonance and optical transmittance of fluid.

[0034] Said second position is preferably located so as to come into contact with fluid when the
fluid reservoir contains a volume of fluid that is between 55% and 75% of its maximum capacity,
and preferably between 60% and 70% of its maximum capacity, and further preferably between

64% and 68% of its maximum capacity.

[0035] Preferably, said second position is located so as to come into contact with fluid when the
fluid reservoir contains a volume of fluid that is about 66% of its maximum capacity.

[0036] Said processor means are preferably configured to receive a data packet from the
detection means a plurality of times per second and is further configured to only activate said
signal means to produce a signal when said processor means determines that the level of fluid
within the fluid reservoir exceeds said predetermined threshold over a predetermined number of
successive data packets.

[0037] Preferably, said processor means are configured to receive a data packet from the
detection means 15 times per second or more and/or wherein said predetermined number of
successive data packets is between 15 and 45, and preferably 30.

[0038] Alternatively, said processor means are preferably configured to receive a data packet
from the detection means 100 times per second, 125 times per second, 256 times per second,
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[0039] Said detection means preferably comprise one or more electrical wires for connecting
said detection means to a power source and/or said processor means, and wherein said one or
more wires pass out from the inside of said reservoir to the outside of said reservoir through an
outlet fitting having a bore, wherein a seal around the one or more wires in the bore is formed
by a heat shrinkable sieeve sheathing the one or more wires and a heat cured epoxy resin.

[0040] Alternatively, said detection means preferably comprise one or more electrical wires for
connecting said detection means to a power source and/or said processor means, and wherein
said one or more wires pass out from the inside of said reservair to the outside of said reservoir
through an outlet fitting having a bore, wherein a seal around the one or more wires in the bore
is formed by an elastomeric sleeve sheathing the one or more wires.

[0041] As described herein, but not claimed, there is provided a portable fluid collection
apparatus comprising:

a fluid reservoir for receiving fluid produced by a person;
detection means for detecting a property of fluid within the fluid reservoir;

processor means configured to receive data from the detection means and
determine the level of fluid within the fluid reservoir; and

signal means for producing an audible, visual, or tactile signal, wherein said
processor means is configured to activate said signal means to produce said signal when the

determined level of fluid within the fluid reservoir exceeds a predetermined threshold;

wherein said detection means comprises means for measuring a property of fluid
between a first position and a second position spaced from said first position;

said processor means being configured to receive a data packet from the detection
means a plurality of times per second and being further configured to only activate said signal
means to produce a signal when said processor means determines that the level of fluid within
the fluid reservoir exceeds said predetermined threshold over a predetermined number of
successive data packets.
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[0042] Said processor means are preferably configured to receive a data packet from the
detection means 15 times per second or more, and/or wherein said predetermined number

of successive data packets is between 15 and 45, and preferably 30.

[0043] Alternatively, said processor means are preferably configured to receive a data
packet from the detection means 100 times per second, 125 times per second, 256 times

per second, or more.

[0044] Preferably, said detection means comprise one or more electrical wires for
connecting said detection means to a power source and/or said processor means, and
wherein said one or more wires pass out from the inside of said reservoir to the outside of
said reservoir through an outlet fitting having a bore, wherein a seal around the one or
more wires in the bore is formed by a heat shrinkable sleeve sheathing the one or more

wires and a heat cured epoxy resin.

[0045] Alternatively, said detection means preferably comprise one or more electrical
wires for connecting said detection means to a power source and/or said processor
means, and wherein said one or more wires pass out from the inside of said reservoir to
the outside of said reservoir through an outlet fitting having a bore, wherein a seal around
the one or more wires in the bore is formed by an elastomeric sleeve sheathing the one or

more wires.

BRIEF DESCRIPTION OF THE DRAWINGS

[0046] Embodiments of the invention are further described hereinafter with reference to

the accompanying drawings, in which:

Figure 1 is a perspective view of an impeller for use in a centrifugal pump in

accordance with an aspect of the present invention;

Figure 2 is a cross sectional view of a centrifugal pump in accordance with an

aspect of the present invention;
Figure 3 shows an outlet fitting according to an aspect of the present invention;

Figure 4 shows front and rear sides of a detection means holder strip in

accordance with an aspect of the present invention; and

Figure 5 shows an integrated pump, strip and outlet fitting in accordance with

an aspect of the present invention.
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DETAILED DESCRIPTION

[0047] Figure 1 shows a detailed view of an impeller 10 of a centrifugal pump 20 which is
shown in Figure 2. The impeller 10 comprises a central spindle 12 having a central hole
12a through which a drive shaft 22 (see Figure 2) may be disposed to rotatably mount the
impeller 10 thereon. The impeller 10 has a central axis 16 which is parallel to the drive
shaft 22 when rotatably mounted thereon. The central spindle 12 has a diameter D1 and

an axial height H1.

[0048] The impeller 10 has a plurality of circumferentially spaced blades 14 extending
radially from the central spindle 12. In the embodiment shown in the Figures, the impellor
has six blades 14 that each extend in a radial direction without any circumferential bend.
However, in alternative embodiments within the scope of the present invention, other
configurations of blades are envisaged, such as blades that do extend radially with a
circumferential bend (e.g. “spiral” blades). In all embodiments, however, the blades 14
define an outer diameter D2 of the impeller 10 and have an axial height dimension, H2. In
the embodiment shown in the Figures, the axial height H2 of the blades 14 is greater than
the axial height H1 of the central spindle 12, although this need not necessarily be the

case in other embodiments.

[0049] As shown in Figure 2, when assembled as part of the centrifugal pump 20, the
impeller 10 is rotatably mounted on a driveshaft 22 within a pump chamber 26. The
driveshaft 22 is connected to driving means (not shown), such as a motor, to rotate the
driveshaft 22 and, in turn, rotate the impeller 10 in the direction indicated in Figure 2 by
arrow R. The pump chamber 26 is generally cylindrical and is defined by a pump chamber
wall 26a. The pump chamber wall 26a has an inner diameter D3 that is greater than the

outer diameter D2 of the impeller 10 so as to completely envelope the impeller 10.

[0050] The pump chamber 26 is fluidly connected to a fluid inlet 24 and a fluid outlet 28,
where the fluid inlet is centered on and substantially parallel to the central axis 16 of the
impeller 10. The fluid outlet 28 is arranged perpendicularly relative to the fluid inlet 24 and
is radially aligned with said impeller 10 such that fluid flowing into the pump chamber 26
through fluid inlet 24 is accelerated by rotating blades 14 of the impeller 10 and passes out
of the fluid outlet 28. The rotating impeller 10 experiences fluidic drag as it rotates in the
fluid within the pump chamber 26. A result of fluidic drag is that more current (i.e. more
electrical power) is required to rotate the impeller 10 to produce a certain pumping
pressure as compared to an ideal, drag free system that is otherwise identical. Thus, more
electrical power is consumed than would be if fluidic drag was non-existent or of less

effect.

[0051] In the presentinvention, the ratio of the outer diameter D2 of the impeller 10
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relative to the inner diameter D3 of the pump chamber 26 is such that fluidic drag is
reduced but the required pumping pressure can still be achieved (through acceleration of
the fluid by the impeller 10). The fluidic drag is reduced such that the pump can be
powered by a single portable power source, such as a battery pack, without the
requirement of charging or replacing the power source for a desired period of time, such as

seven days or more.

[0052] In preferable embodiments, the pump 20 is required to pump 500 ml of liquid
vertically upward through a vertical tube of 1.5 m in 1 minute or less so that a user of a
urinary leg bag can empty the contents of the bag without the need to bend down and
open a tap or valve to allow gravity-driven expulsion of fluid. In accordance with the
present invention, the pumping pressure for achieving these desirable conditions can be
met using a power source, such as a battery, that does not require charging or replacing

within a period of less than seven days.

[0053] In accordance with the present invention, to achieve the required pumping
pressure but reduce fluidic drag to reduce the electric current required for operation, the
inner diameter D3 of the pump chamber 26 is substantially equal to or greater than 1.40
times the outer diameter D2 of the impeller 10. The inner diameter D3 of the pump
chamber 26 is preferably between 12 and 16 mm, and is further preferably 14 mm. In a
preferable embodiment, the inner diameter D3 of the pump chamber 26 is substantially
equal to or less than 1.50 times the outer diameter D2 of the impeller 10. In a preferable
embodiment, the inner diameter D3 of the pump chamber 26 is substantially equal to or
greater than 1.42 times the outer diameter D2 of the impeller 10, and is preferably between
1.42 and 1.45 times the outer diameter D2 of the impeller 10, or further preferably between

1.42 and 1.43 times the outer diameter D2 of the impeller 10.

[0054] In a particularly effective and preferable embodiment, the inner diameter D3 of the
pump chamber 26 is 14 mm and the outer diameter D2 of the impeller 10 is between 9.80
and 9.86 mm, inclusive. Further preferably, the central spindle 12 has a diameter D1 of
about 4.89 mm and an axial height H1 of about 2.76 mm and/or the blades 14 have an

axial height H2 of about 4.21 mm.

[0055] In all of the above described embodiments, the pump 20 has a clearance C such
that fluidic drag is reduced thereby reducing the electrical demands of the pump 20,
without impairing the pump’s pumping ability below the threshold for correct operation as
part of a urinary leg bag system. In a preferable embodiment, the fluid inlet 24 of the pump
20 is connected to a fluid reservoir (not shown) and the fluid outlet 28 is connected to an
outlet conduit (not shown) which may be tubing which can be held, manipulated and

directed by a user to control the expulsion of fluid whilst the pump is operating. As
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described above, in a urinary leg bag system, the outlet conduit may be about 1.5 m in

length and may be oriented substantially vertically upwards relative to the pump 20, in use.

[0056] In the preferable embodiment where the centrifugal pump 20 forms part of a
urinary leg bag system, the system may additionally comprise any features of known leg
bag systems, such as the features described in WO-A-03/055423 (Wills, Trevor). For
example, additional features may include fluid detection means to measure the level of
fluid within the bag, processor means for processing data from the detection means, and
signal means for alerting the user when the detected level of fluid reaches or exceeds a

predetermined level.

[0057] The bag and/or pump 20 may be disposable such that it can be thrown away after
a given time interval, such as seven days, to reduce infection risk. The present invention
supports a system where a battery can provide the required electrical power to the system
over a seven day period. Variations of pump dimensions within the scope of the present
invention permit pumps that can be supported over different time periods by a single
portable power source to be realized. The battery may be conveniently recharged or
replaced at the same time as changing the bag and/or pump 20. The pump 20 may be
integral with the bag such that the two are disposable together. Preferably, the battery is
rechargeable so as to reduce the disposal of hazardous materials commonly found in
batteries. In alternative embodiments, the pump 20 may be cleanable so that hygiene can

be maintained without the need to regularly dispose of the pump 20.

[0058] In a further or alternative aspect of the present invention, an improved fluid
detection system for use on or in a fluid reservoir is provided. In a preferable embodiment,
the fluid reservoir may form part of a portable fluid collection apparatus for receiving fluid
produced by a person, such as a urinary leg bag system, although the improved detection
system may be equally applicable to other fluid reservoirs. Detection means are provided
for detecting a property of fluid within the fluid reservoir, where the detection means has
means for measuring a property of fluid between a first position and a second position
spaced from said first position. The detection means further has means for measuring a
property of fluid between the first position and a third position. The distance between the
first position and the third position is less than the distance between the first position and

the second position.

[0059] Processor means are provided that are configured to receive data from the
detection means and determine the level of fluid within the fluid reservoir. The processor
means are further configured to calibrate measured data corresponding to a property of
the fluid between the first position and the second position using measured data

corresponding to a property of the fluid between the first position and the third position in
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order to determine the level of fluid within the fluid reservoir.

[0060] In a specific example, the first position is located at a lower part of the fluid
reservoir, such as proximate to an outlet of the reservoir. The second position is chosen to
be at a level that is equal to the level of fluid when the fluid reaches a threshold volume
within the reservoir (i.e. a “threshold level”), above which reflux and infection become a
significant possibility. In one example, a fluid reservoir filled with fluid to a volume of 66%
of the maximum capacity of the reservoir is considered to be a suitable threshold level

which should not be exceeded if reflux and infections are to be avoided.

[0061] The detection means measure a property of fluid between the first and second
positions. This may be done using electrodes or other suitable measurement apparatus,
such as emitters and receivers, located at each of the first and second positions. The
measurement between the first and second positions should change depending on
whether the first and second positions are connected to one another by fluid or not. That
is, there should be a measurable difference between the first and second positions when
the volume of fluid is such that it covers the first and second positions, and when it covers
only one or neither of the positions. However, as discussed above, measureable
properties of fluids, in particular urine, depend upon the given fluid’'s composition and
concentration. In the case of urine, measurable electrical resistance will depend upon
what the individual has had to eat or drink prior to passing the urine, among other
variables. Therefore, the measurable difference between the case where urine does not
link the first and second positions and the case where it does, may, in some cases, be
slight, and possibly not defined enough to reliably and repeatedly determine that the urine
has filled the reservoir enough to reach the second position. In an embodiment of the
present invention, measurement between the first and third position is used to improve the
accuracy of the determination of fluid level from data of measurements between the first
and second positions, by calibration. In particular, the first and third positions are spaced
closer to one another than the first and second positions. Therefore, the amount of fluid
required to connect the first position to the third position will be less than the amount of
fluid required to connect the first position to the second position. Over a smaller distance,
measureable changes between a fluidly linked condition and a non-fluidly linked condition
are more pronounced and reliable. One might assume then that the first and second
positions should be located close to one another close to the desired threshold level (e.g.
around 66% of maximum capacity), however use of close first and second positions may
give rise to false readings if fluid within the reservoir was to slosh around and fluidly
connect the positions despite the volume of fluid being below the desired threshold level.

This is not a problem for the first and third positions if they are located such that it is highly
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likely that they will both be submerged in fluid, even at low volumes. Indeed, if the first and
third positions are close to the bottom of the reservoir, gravity will ensure that even low
volumes of fluid are able to fluidly connect the first and third positions so as to be

measurable.

[0062] Upon measuring a property of the fluid between the first and third positions, the
processor means can determine what sensitivity to operate at when attempting to establish
whether measurements of the fluid between the first and second position are indicative of
fluid connection or not (i.e. whether the volume of fluid within the reservoir is at the

threshold level or not).

[0063] The detection means may measure an electrical or optical property of the fluid
which may be one or more properties selected from the non-exhaustive list comprising
electrical resistance, capacitance, electrical resonance and optical transmittance of the
fluid.

[0064] In one example where electrical resistance is measured, first, second and third
electrodes are located at the first, second and third positions, respectively, to take
measurements therebetween. If a fluid has a high resistivity, the measured resistance will
be less compared with a fluid having a lower resistivity. By first measuring the resistance
between the first and third electrodes, the relative resistance of the fluid can be
determined. If the fluid has a high resistivity, the change in resistance between the first
and second electrodes will be small when the first and second electrodes change from
being not fluidly connected to fluidly connected. However, the measurement between the
first and third electrodes calibrates the measurement between the first and second
electrodes such that the processor means can more accurately determine when the fluid
connects the first and second electrodes (i.e. the fluid level reaches the second electrode).
To put another way, the measurement between the first and third electrodes can determine
the size of change required between the first and second electrodes for the processor
means to determine that the fluid level has reached the second electrode (i.e. the
predetermined threshold level has been met or exceeded). Of course, this is not exclusive
to resistance measurements and electrodes. Other measurements of properties utilizing
other detection means can make use of this arrangement, within the scope of the present

invention.

[0065] As described above, the location of the second position determines what volume
of fluid corresponds to the threshold level. This is preferably set so that reflux in a urinary
leg bag system is unlikely or cannot occur, thereby minimizing the risk of infection to the
user. In a preferable embodiment, the second position is located so as to come into

contact with fluid when the fluid reservoir contains a volume of fluid that is between 55%
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and 75% of its maximum capacity, and preferably between 60% and 70% of its maximum
capacity, and further preferably between 64% and 68% of its maximum capacity. In a
particularly preferable embodiment, the second position is located so as to come into
contact with fluid when the fluid reservoir contains a volume of fluid that is substantially

equal to 66% of its maximum capacity.

[0066] In a particularly preferable embodiment where the fluid reservoir is part of a
urinary bag system, signal means are provided for producing an audible, visual, or tactile
signal, wherein the processor means are configured to activate the signal means to
produce said signal when the determined level of fluid within the fluid reservoir exceeds a

predetermined threshold.

[0067] In a further preferable embodiment, measurements between the first and third
positions are used to indicate when the bag is empty or close to empty. This
measurement may then be used to automatically switch off the pump (either immediately
or after a set time period) when emptying the fluid reservoir. This arrangement will avoid
unnecessary usage of the power source and pump and will help prolong the operable

usage lifetime of the system.

[0068] In accordance with a particularly preferable embodiment, a holder for the
detection means is shown in Figure 4 as an elongate strip 40. In particular, a front side
40a of the strip 40 and a rear side 40b of the strip 40 are shown in Figure 4. The strip 40
has a lower aperture 42 to allow the passage of electrical wires therethrough. Additionally,
the strip 40 has a first slotted peg on the rear side 40b, and a second slotted peg 46 and a
third slotted peg 48 on the front side 40a. The first 44, second 46 and third slotted pegs 48
each allow an electrical wire to be secured thereabout so as to provide means to make
measurements at each of the second and third positions, relative to the first position. A
separating element 50 has channels for ensuring that electrical wires remain separate from
one another along the strip 40, thereby avoiding short circuits. In use, the strip 40 is
disposed in the fluid reservoir so that the second slotted peg 46 (which corresponds to the
second position) is at the predetermined fluid level threshold. In alternative embodiments,
the slotted pegs 44, 46, 48 may all be on the same side of the strip 40 or may be in

alternative arrangements.

[0069] The strip 40 may take on other shapes to that shown in Figure 4 and may be used
to hold other detection means, which may include sensors, probes, wires or other

measurement apparatus.

[0070] In a further or alternative aspect of the present invention, measurements are
taken between the first and second positions a plurality of times per second to produce a

data packet for each measurement that is sent to the processor means. The processor
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means then activates the signal means to produce a signal when the processor means
determines that the level of fluid within the fluid reservoir exceeds the predetermined
threshold level over a predetermined number of successive data packets, or a

predetermined number of times within a particular time interval.

[0071] This arrangement may be used when there are only first and second positions for
measurement or first, second and third measurement positions. It may also, although not

necessarily, be combined with the above-described centrifugal pump 20.

[0072] The purpose of this arrangement is to reduce the likelihood of false readings that
may arise because of turbulence in the fluid within the fluid reservoir. Using many
measurements increases the likelihood that a positive result indicates that the fluid level

has reached the second position, i.e. the predetermined threshold level.

[0073] In a particularly preferable embodiment, the detection means operate in one of
two states, which may be named “WET” and “DRY”, for example. If the processor means
determines that the level of fluid within the fluid reservoir exceeds the predetermined
threshold level for each of a predetermined number of successive data packets, then the
detection means are set to the WET state. If the processor means determines that the
level of fluid within the fluid reservoir is below the predetermined threshold level for each of
a predetermined number of successive data packets, then the detection means are set to
the DRY state. After being set to the WET state following the predetermined number of
successive data packets, the processor means then activates the signal means to produce
a signal to indicate that the fluid level has reached the predetermined level. Fewer than
the predetermined number of successive data packets will not result in a switching of the

state of the detection means.

[0074] In the case where electrical resistance is being used to determine the fluid level, a
resistance above a predetermined resistance threshold indicates that the fluid within the
fluid reservoir is below a predetermined threshold level, and a resistance above a
predetermined resistance threshold indicates that the fluid within the fluid reservoir is at or

above a predetermined threshold level.

[0075] In one embodiment, the processor means are configured to receive a data packet
from the detection means 15 times per second or more, 50 times per second or more, or
125 times per second or more. In an alternative embodiment, the processor means are
configured to receive a data packet from the detection means 256 times per second or
more. In one example of a preferred embodiment, the predetermined number of
successive data packets required to switch the detection means between WET and DRY
states is 30, where preferably the processor means are configured to receive a data

packet from the detection means 15 times per second. In this specific example, consistent
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readings would be required over a minimum period of 2 seconds for the detection means
to switch between WET and DRY states. This would ensure, or at least increase the
likelihood that the results are genuinely representative of the actual volume of fluid within

the reservoir.

[0076] Furthermore, in embodiments where measurements between a first position and a
third position are used to calibrate measurements between the first position and a second
position, as described above, following the detection means being switched to the WET
state following the processor means determining that the level of fluid within the fluid
reservoir exceeds the predetermined threshold level for each of predetermined number of
successive data packets, a predetermined measurement threshold (such as a resistance
threshold) may be set using measurement between the first position and third positions to
determine what value of measurement between the first position and second position is
indicative of the predetermined threshold level of fluid within the fluid reservoir. The
predetermined measurement threshold may be set each time the detection means is
switched to the WET state following the processor means determining that the level of fluid
within the fluid reservoir exceeds the predetermined threshold level for each of the

predetermined number of successive data packets.

[0077] In any embodiment where electrical wires form part of the detection means, there
exists a challenge to assemble the system such that the wires can extend from the inside
of the fluid reservoir where they may be connected to electrodes or other measuring
apparatus, to the outside of the reservoir where they may be connected to the processor
means and/or a power supply, without creating a path along which fluid can flow and
undesirably exit the fluid reservoir. In a urinary leg bag system, the available space is too
small to use a moulded plug with connector pins. One solution in accordance with the
present invention is to use an outlet fitting 30 such as the one shown in Figure 3. The
outlet fitting 30 is attachable to an outlet of the fluid reservoir and has a central bore 32
through which fluid can flow in to the fitting (indicated by arrow Fin) and out (indicated by
arrow Fout). The outlet fitting 30 additionally includes a branch 33 having a bore 34 in fluid
communication with the central bore 32. Wires of the detection means may pass out of the
inside of the reservoir into the fitting 30 through central bore 32 and out of the bore 34 of
branch 33. The wires can then be sealed around the bore 34 of the branch 33 so that fluid
can not exit the central bore 32 via the bore 34 of the branch 33. In one embodiment,
sealing is achieved using a small sleeve of heat shrinkable tubing that is partially filled with
an epoxy resin that cures rapidly when heat is applied during shrinking of the sleeve. In
another embodiment, sealing is achieved by using wires that are sheathed in an

elastomeric (e.g. rubber) tubing. The wires may be pre-moulded in the sheath, for
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example. The sheathed wires can then be inserted through the bore 34 of the branch 33
allowing the elastomeric nature of the sheath to provide a seal so that fluid cannot escape
through the bore 34 of the branch 33.

[0078] In a preferable embodiment, the pump 20 and strip 40 (complete with detection
means) and outlet fitting 30 are provided in one assembled unit 60, as shown in Figure 5.
In use, the assembled unit 60 can be inserted into an opening, such as the fluid outlet, of
the fluid reservoir. The unit 60 may be treated as disposable or may be cleaned at regular

intervals to maintain cleanliness.

[0079] Any of the above-described features can be used in any suitable combination with
any of the other above-described features, and the present invention is not necessarily

limited to the specifically described combinations.

[0080] Throughout the description and claims of this specification, the words “comprise”
and “contain” and variations of them mean “including but not limited to”, and they are not
intended to (and do not) exclude other moieties, additives, components, integers or steps.
Throughout the description and claims of this specification, the singular encompasses the
plural unless the context otherwise requires. In particular, where the indefinite article is
used, the specification is to be understood as contemplating plurality as well as singularity,

unless the context requires otherwise.

[0081] Features, integers, characteristics, compounds, chemical moieties or groups
described in conjunction with a particular aspect, embodiment or example of the invention
are to be understood to be applicable to any other aspect, embodiment or example
described herein unless incompatible therewith. All of the features disclosed in this
specification (including any accompanying claims, abstract and drawings), and/or all of the
steps of any method or process so disclosed, may be combined in any combination,
except combinations where at least some of such features and/or steps are mutually
exclusive. The invention is not restricted to the details of any foregoing embodiments.
The invention extends to any novel one, or any novel combination, of the features
disclosed in this specification (including any accompanying claims, abstract and drawings),
or to any novel one, or any novel combination, of the steps of any method or process so

disclosed.

[0082] The reader's attention is directed to all papers and documents which are filed
concurrently with or previous to this specification in connection with this application and
which are open to public inspection with this specification, and the contents of all such

papers and documents are incorporated herein by reference.
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CLAIMS

1.

A centrifugal pump for use with a portable fluid collection apparatus for collecting fluid

produced by a person, the centrifugal pump comprising:
a substantially cylindrical pump chamber having an inner diameter;
a fluid inlet in fluid communication with said pump chamber;
a fluid outlet in fluid communication with said pump chamber; and

an impeller having an outer diameter and being rotatably mounted on a
driveshaft within said pump chamber intermediate said fluid inlet and said fluid outlet,
where said driveshaft is rotatable by driving means to rotate said impeller in use and
accelerate fluid flowing into said pump chamber through said fluid inlet and out of said

fluid outlet;

wherein the inner diameter of the pump chamber is substantially equal to or

greater than 1.40 times the outer diameter of the impeller.

A centrifugal pump according to claim 1, wherein the inner diameter of the pump

chamber is equal to or less than 1.50 times the outer diameter of the impeller.

A centrifugal pump according to claim 1 or 2, wherein the inner diameter of the pump
chamber is substantially equal to or greater than 1.42 times the outer diameter of the

impeller.

A centrifugal pump according to claim 3, wherein the inner diameter of the pump

chamber is between 1.42 and 1.45 times the outer diameter of the impeller, inclusive.

A centrifugal pump according to claim 3, wherein the inner diameter of the pump

chamber is between 1.42 and 1.43 times the outer diameter of the impeller, inclusive.

A centrifugal pump according to any preceding claim, wherein the impeller comprises
a central spindle rotatably mounted on said driveshaft, and a plurality of

circumferentially spaced blades extending radially from said central spindle, wherein
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said outer diameter of said impeller is the largest dimension of the impeller in a

direction substantially perpendicular to said driveshaft.

7. A centrifugal pump according to any preceding claim, wherein a longitudinal axis of
said fluid outlet is arranged substantially perpendicularly relative to a longitudinal axis

of said fluid inlet and radially aligned with said impeller.

8. A portable fluid collection apparatus comprising:

a fluid reservoir for receiving fluid produced by a person, the fluid reservoir

having a reservoir inlet and an reservoir outlet; and

a centrifugal pump according to any preceding claim, wherein the fluid inlet of

the pump is in fluid communication with said reservoir outlet.

9. A portable fluid collection apparatus according to claim 8, further comprising an

outlet conduit in fluid communication with the fluid outlet of said pump.

10. A portable fluid collection apparatus according to claim 8 or 9, further comprising a

battery for powering said pump via driving means.

11. A portable fluid collection apparatus according to any of claims 8 to 10, wherein

said fluid reservoir is disposable.

12. A portable fluid collection apparatus according to any of claims 8 to 11, wherein

said pump is disposable.

13. A portable fluid collection apparatus according to any of claims 8 to 12, further

comprising detection means for detecting a property of fluid within the fluid reservoir.

14. A portable fluid collection apparatus according to claim 13, wherein said detection
means comprises means for measuring a property of fluid between a first position and a

second position spaced from said first position.
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15. A portable fluid collection apparatus according to claim 14, wherein said detection
means further comprises means for measuring a property of fluid between said first
position and a third position, where the distance between said first position and said third

position is less than the distance between said first position and said second position.

16. A portable fluid collection apparatus according to claim 14 or 15, wherein said

detection means comprises means for measuring an electrical or optical property of fluid.

17. A portable fluid collection apparatus according to claim 15, wherein said detection
means comprises means for measuring one or more of electrical resistance, capacitance,

electrical resonance and optical transmittance of fluid.

18. A portable fluid collection apparatus according to any of claims 14 to 17, wherein
said second position is located so as to come into contact with fluid when the fluid
reservoir contains a volume of fluid that is between 55% and 75% of its maximum capacity,
and preferably between 60% and 70% of its maximum capacity, and further preferably

between 64% and 68% of its maximum capacity.

19. A portable fluid collection apparatus according to claim 18, wherein said second
position is located so as to come into contact with fluid when the fluid reservoir contains a

volume of fluid that is about 66% of its maximum capacity.

20. A portable fluid collection apparatus according to any of claims 13 to 19, further
comprising processor means configured to receive data from the detection means and
determine the level of fluid within the fluid reservoir, and signal means for producing an
audible, visual, or tactile signal, wherein said processor means is configured to activate
said signal means to produce said signal when the determined level of fluid within the fluid

reservoir exceeds a predetermined threshold.

21. A portable fluid collection apparatus according to claim 15, or any of claims 16 to
20 when dependent on claim 15, wherein said processor means is configured to calibrate

measured data corresponding to a property of fluid between said first position and said
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second position using measured data corresponding to a property of fluid between said
first position and said third position in order to determine the level of fluid within the fluid

reservoir.

22. A portable fluid collection apparatus according to claim 20 or 21, wherein said
processor means are configured to receive a data packet from the detection means a
plurality of times per second and is further configured to only activate said signal means to
produce a signal when said processor means determines that the level of fluid within the
fluid reservoir exceeds said predetermined threshold over a predetermined number of

successive data packets.

23. A portable fluid collection apparatus according to claim 22, wherein said processor
means are configured to receive a data packet from the detection means 15 times per
second or more, and/or wherein said predetermined number of successive data packets is
between 15 and 45, and preferably 30.

24. A portable fluid collection apparatus according to claim 22, wherein said processor
means are configured to receive a data packet from the detection means 100 times per

second, 125 time per second, 256 times per second, or more.

25. A portable fluid collection apparatus according to any of claims 13 to 24, wherein
said detection means comprise one or more electrical wires for connecting said detection
means to a power source and/or said processor means, and wherein said one or more
wires pass out from the inside of said reservoir to the outside of said reservoir through an
outlet fitting having a bore, wherein a seal around the one or more wires in the bore is
formed by a heat shrinkable sleeve sheathing the one or more wires and a heat cured

epoxy resin.

26. A portable fluid collection apparatus according to any of claims 13 to 24, wherein
said detection means comprise one or more electrical wires for connecting said detection
means to a power source and/or said processor means, and wherein said one or more
wires pass out from the inside of said reservoir to the outside of said reservoir through an
outlet fitting having a bore, wherein a seal around the one or more wires in the bore is

formed by an elastomeric sleeve sheathing the one or more wires.
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