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(57) Abrégée/Abstract:
A fluid level sensor to determine the level of fluid into a container used in negative pressure wound therapy. The sensor includes an
array of conductive plates to produce electric field lines through the container and fluid within, the plates serving as the plates of a
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(57) Abrege(suite)/Abstract(continued):

capacitor. The plates (1-4), are located close to the wall of the container, and are connected to a circuit board, electronics and
software to determine the fluid level In the container based on the relative changes of capacitance between the plates. The
capacitance Is converted into a voltage signal representative of the change. The algorithms are designed to check the fluid level

over predefined time periods to indicate the fluid level at more than one point and also track the fluid level. The fluid sensor can be
used In the vertical, horizontal or other position of the container as desired.
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(57) Abstract: A fluid level sensor to determine the level of fluid into a container used in negative pressure wound therapy. The

& sensor includes an array of conductive plates to produce electric field lines through the container and fluid within, the plates serving
& as the plates of a capacitor. The plates (1-4), are located close to the wall of the container, and are connected to a circuit board,
N clectronics and software to determine the fluid level in the container based on the relative changes of capacitance between the plates.

The capacitance is converted into a voltage signal representative of the change. The algorithms are designed to check the fluid level
over predefined time periods to indicate the fluid level at more than one point and also track the fluid level. The fluid sensor can be
used in the vertical, horizontal or other position of the container as desired.
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Fluid Level Sensor

The present invention relates to a fluid level
sensor, in particular a fluid level sensor to determine
the level of fluid or flow rate of fluid into a container
used in negative pressure wound therapy. This technique
uses a pump to apply negative pressure to a wound 1n
order to remove exudate fluid out of a wound bed and
maintain a sub-atmospheric pressure at the wound site.

With these pump devices the level of exudate fluid
collected in a container must be monitored to ensure the
container doesn’t become completely filled. This 1s
important to avoid the pump unit from becoming infected
and to ensure the correct therapy is being applied. Due
to the infectious nature of the exudate fluid and that
the containers can be disposable it 1s a significant
advantage to employ a non-contact fluid level detection
method.

There are'many techniques for measuring fluid levels
including floats, contacts, wultrasound and 1light, but
capacitive or electric field sensing has perhaps the most
advantages for measuring wound exudate fluid levels. It
is known to place conductive elements on the outside of a
container connected to a circuit to detect any change 1in
the capacitance of the capacitor formed thereby. The
change 1n capacitanée is due to the change 1in the
dielectric constant of the combination of the container
and fluid due to change in the fluid level therein. Such
sensors are either ON or OFF and detect when the fluid
reaches the level of the capacitance element. There 1s no
availability to detect the fluid level at several points

within a container or to track the flow of fluid.
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The sensors also cannot differentiate between a
fluid 1level within the container or drops spattered
across the walls of the contailner.

Accordingly, the invention seeks to make
improvements.

The present invention provides a capacitance fluid
level sensor to determine the fluid level within a
container used to receive fluid from a human body, the
container connected to means for removing fluids from a
human body and a port for entry of fluid 1into the
container, a capacitor formed of a series of conductive
plates located outside of the container adjacent to an
external wall of the container within a housing, means to
sense the relative change 1in capacitance between the
series of conductive plates as the fluid level rises 1n
the container and for generating a signal to 1i1ndicate
fluid level positions within the container.

Unlike the existing devices which only provide a
signal indicative of a capacitance value corresponding to
a set fluid level, the present invention can provide a
signal indicative of different set points within a
container and can also differentiate between a fluid
level reached and drops spattered on the wall of the
container. The relative change between the conductive
plates is sharp for spatter in comparison to relative
changes befween the conductive plates when a fluid level
is reached. It is also possible with the invention to
change the fluid level points dynamically when different
sized containers are used which is not possible with the

existing systems.
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Preferably, the fluid sensor conductive plates and
electronics are attached to an internal surface of
housing means accommodating the container, the surface of
the conductive plates internally within the housing means
shielded from detecting capacitance changes, so that only
capacitance changes due to fluid leVel within the
container are detected. Advantageously, a reference
conductive plate is provided on the internal surface of
the housing located above the container to differentiate
from fluid level sensing and the capacitance changes when
a nurse or carer handles the device.

Preferably, the fluid level sensor can detect fluid
level in the vertical, horizontal or other orientation,
of the container.

Preferably, the relative changes of capacitance of
between all the plates are detected to provide a
continuous measurement of fluid 1level. Advantageously,
this provides a means of fluid level tracking which can
indicate a time when a container will become full.

More preferably, the fluid level tracking

'continuously measures the rate of change of fluid level

and more preferably, means are provided to trigger an
alarm if the increase in fluid level 1s over a pre-
determined threshold. A ‘normal’ wound would tend ¢to
produce 0-4 ml of exudate an hour, changes 1in these
levels over time are a useful indicator of wound healing
progression.

The conductive plates can be of various
configurations to provide different levels of accuracy
and sensitivity. Preferably, the conductive plates can be
formed as thin metal strips so that the capacitance
changes between each strip can be detected to provide a
more sensiti\}e and more accurate signal of fluid level,

spatter and flow rate.
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The invention will now be described by way of
example with reference to the following figures:-

Figure 1 shows a schematic view of the fluid level
sensor according to a preferred embodiment of the

5 invention;

Figures 2 to 5 shows alternative arrangements of the
fluid level sensor;

Figure 6 shows the fluid level sensor output and
multiple trigger points with the container in a vertical

10 orientétion;

Figure 7 shows the fluid level sensor output and
multiple trigger points with the container 1n a
horizontal orientation;

Figure 8 shows continuous fluid 1level tracking

15 according to the invention.

Figures 9a to 9d show different arrangements of
conductive plates for the fluid level sensor.

Referring to Figure 1, the fluid sensor 1n one
preferred embodiment includes an array of conductive

20 plates in a basic layout as shown in the Figure. On the
front side of the array are conductive plates 1-4
configured into thin strips. These strips have heights
that are designed to cover the contailner height in both
the vertical and  horizontal —orientations of the

25 container. The conductive strips 1-4 are preferably made
from thin flexible metal material and separated from each
other by an insulating material. The strips are mounted
on a conventional flexible circuit board which 1s not
described in detail.

30 There is no limit to the number of conductive plates
that can be used as 1illustrated in the different
arrangements of the fluid sensor shown in Figures 2 to 5.
Futhermore, depending on the container size and shape,

the conductive plates may even be in the form of thin
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strips, thin .wires or even dots. Figures 9a to 9d show
possible wvariations of the conductive plates. On the
reverse side of the circuit board there is a shield plate
that covers the conductive plates 1-4, and ensures that
the conductive plates only pick up a change 1n
capacitance in front of the array and not behind. There
is also a reference plate 4 detects changes 1n
capacitance due to handling of the container rather than
fluid level.

The conductive plates 1-4, are of a size to produce
electric field 1lines through the container and fluid
within such that the plates serve as the plates of a
capacitor. The plates 1-4, are located close to the wall
of the container where the fluid levels are to be
measured. The fluid sensor arrangement can be located so
that it is in contact with the container wall or i1t could
be separated even further, on the wall of the pump
housing that draws the fluid through the container. This
allows the sensor to be out of sight of the container.

The conductive plates 1-4 are connected to a circuilt
board and conventional electronics and software to
determine the fluid level based on the relative changes
of capacitance between the plates. The capacitance 1s
converted into an electric signal, typically a wvoltage
signal representative of the change. The capacitance
changes provide a continuous measure of capacitance level
against volume. The algorithms are specifically designed
to check the fluid level over predefined time periods.
This means that not only can the device indicate fluid
level at more than one point and provide an alarm 1if
desired, but it can also track the fluid level. The fluid
sensor can be used in the vertical, horizontal or other
position of the container as desired. As the fluid level

rises in the container, the voltage output from the
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conductive plates will change, as shown by the traces 1in
Figures 6 and 7. In Figures 6 and 7, fluid levels are
chosen to trigger a fluid level indication or provide an
alarm at approximately 400 ml, 450 ml and 500 ml.

The dielectric and other properties of the exudate
fluid filling the container can vary from patient to
patient, and therefore the conductive plates are arranged
to self calibrate their output by comparing the relative
changes in capacitance between the plates rather than
mean values or values to a reference level. In this way,
the different effects of different fluids 1is cancelled
out. Using this ratiometric technique allows greater
sensitivity and accuracy than detecting the mean value.

Existing systems only trigger at one point, the
present sensor system can provide an indication of more
than one level and also provide alarms and can 1ndicate
when to turn off the pump to stop fluid from overfilling
the container.

If more trigger levels are required 1t 1s possible
to either add more conductive plates or change the
control algorithms.

Continuous tracking of the fluid level 1is shown 1in
Figure 8. The outputs from all the conductive plates are
summed to give a relatively linear relationship between
voltage output and volume.

The advantage of the continuous tracking in a wound
therapy device is the ability to see whether the exudate
level 1is rising too fast suggesting a deteriorating
clinical condition. A ‘normal’ wound would tend ¢to
produce 0-4 ml of exudate an hour, changes 1n these
levels over time are a useful indicator of wound healing
progression. It is a potential life saving feature by
detecting 1i1f blood has started to get 1nto the wound

since the rate of fluid level change would be too high.
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The sensor software can also help detect splatter
and spotting which i1s caused by Exudate being displaced
onto the canister wall adjacent to the sensor by high
pressures or initial surges when therapy starts. The
sensor software has a state of conditions which when met
over predefined timescales to differentiate between

splatter or genuine full.
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CLAIMS
1. A capacitance fluid level sensor to determine the

fluid level within a container used to receive fluid from
a human body, the container connected to means for
removing fluids from a human body and a port for entry of
fluid into the container, a capacitor formed of a series
of conductive plates located outside of the container
adjacent to an external wall of the container, means to
sense the relative change in capacitance between the
series of conductive plates as the fluid level rises 1in
the container and for generating a signal to 1indicate

fluid level positions within the container.

2 . A capacitance fluid level sensor as claimed 1in claim
1 wherein the fluid sensor conductive plates and
electronics are attached to an internal surface of
housing means accommodating the container, the surface of
the conductive plates internally within the housing means
shielded from detecting capacitance changes, so that only
capacitance changes due to fluid 1level within the

container are detected.

3. A capacitance fluid 1level sensor as claimed 1n
claims 1 or 2 wherein a reference conductive plate 1is
provided on the internal surface of the housing located
above the container to differentiate from fluid level
sensing and the capacitance changes when a nurse or carer

handles the device.

4 . A capacitance fluid level sensor as claimed 1n any
one of claims 1, 2 or 3 wherein the fluid 1level sensor
can detect fluid 1level 1n the wvertical or horizontal

orientation of the container.
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5. A capacitance fluid level sensor as claimed in claim
4 wherein the fluid sensor conductive plates extend
towards an upper portion of the container to detect a
fluid 1level representing a high 1level and extending
towards a lower portion of the container to represent a

lower level, in the vertical orientation of the container

6. A capacitance fluid level sensor as claimed 1n claim
4 wherein the fluid Sensor conductiVe plates extend
towards an upper portion of the container to detect a
fluid level representing a high 1level and extending

towards a lower portion of the contalner to represent a

lower level, 1in the horizontal orientation of the
container.
7. A capacitance fluid level sensor as claimed 1n any

preceding claim wherein relative changes of capacitance
between all the plates are detected to provide a

continuous measurement of fluid level.

8. A capacitance fluid level sensor as claimed 1n any
preceding claim wherein the conductive plates are formed
as a plurality of conductive metal strips so that the
capacitance changes between each strip can be detected to
provide a more sensitive and more accurate signal of

fluid level, spatter and flow rate.

9. A capacitance fluid level sensor as claimed 1in claim
8 wherein the conductive plates are formed as a plurality
of conductive metal strips positioned generally

vertically in parallel and horizontally in parallel.
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