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Description
FIELD OF THE INVENTION

[0001] The presentinvention generally relates to med-
ical monitoring of a subject, e.g., a patient, especially
monitoring of the bladder volume of the subject.

BACKGROUND OF THE INVENTION

[0002] The bladder is an organ that collects urine ex-
creted by kidneys before disposal by urination. As urine
accumulates in the bladder of a patient, increases the
bladder volume of the patient and thus increases the in-
ternal pressure of the bladder. In response to the in-
creased internal pressure of the bladder reaching a crit-
ical pressure level, the patient may feel the urge to uri-
nate.

[0003] There are several conditions which may affect
urination from the bladder of a patient. Bladder dysfunc-
tion, e.g., incontinence and urine retention, is one of
them. Another condition is marrow nerve damage due to
which a patient cannot respond to internal pressure of
his/her bladder. Generally, such marrow nerve damage
may be caused by trauma.

[0004] Several methods have been used for patients
suffering from such conditions. One method is to implant
a pressure sensor into the bladder of the patient and de-
tect the moment at which the pressure of the bladder,
indicated by the pressure sensor, reaches a critical pres-
sure level. However, implantation of a pressure sensor
is invasive and often very expensive. Another method is
to measure the bladder volume of the patient non-inva-
sively using ultrasound imaging. Several devices for au-
tomated portable bladder volume measurement have
been developed based on ultrasound imaging tech-
niques. However, the devices are designed for general
checking in daily clinical practice and their battery can
be used for several hours only, therefore, the devices are
not suitable for long-time monitoring and warning.
[0005] US 6372951 B1 discloses a disposable article
to be fitted to a wearer. The disposable article preferably
comprises a sensor operatively connected to the article.
The article may comprise a monitoring system including
a piezoelectric transducer that measures the volume of
a fluid-filled cavity in the body, such as a bladder or rec-
tum. When stimulated, the piezoelectric transducer
sends an ultrasound pulse into the abdomen. The pulse
may be sent out at any pre-defined or random interval.

SUMMARY OF THE INVENTION

[0006] Therefore, it would be desirable to provide a
device and a method for achieving long-time monitoring
ofthe bladder of a subject, e.g., a patient, inan automated
and non-invasive manner.

[0007] According to the present invention, a sensor is
attached to a region on the exterior surface of the abdo-
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men of the patient and used for obtaining sensor signals
indicating the bladder volume of the patient continually,
the region corresponding to the bladder of the patient.
For example, the sensor can be attached to a region on
the skin of the subject or patient above the bladder vol-
ume. Ultrasound imaging of the bladder of a patient is
triggered when, based on a sensor signal of the contin-
ually obtained sensor signals, itis determined in real time
that the change of the bladder volume of the patient ex-
ceeds a predetermined amount, so as to perform the ul-
trasound imaging in a discrete mode. Therefore, the total
monitoring time using ultrasound imaging may be pro-
longed, wherein the bladder volume generally increases
as urine accumulates in the bladder of the subject as a
dynamic process.

[0008] In addition, the sensor signal from the sensor
attached to the region on the exterior surface of the ab-
domen of the subject corresponding to the bladder of the
patient may coarsely indicate bladder volume and inter-
nal pressure of the bladder of the patient, therefore, by
using it to trigger more accurate bladder volume meas-
urement by ultrasound imaging of the patient, compara-
ble monitoring of the bladder of the patient through con-
tinuous monitoring of the bladder using ultrasound imag-
ing can be achieved. In one embodiment of the invention,
the sensor may be a pressure sensor which may obtain
a pressure signal indicating internal pressure of the blad-
der of the patient and thereby indirectly indicating the
bladder volume of the subject. In another embodiment
of the invention, the sensor may be a linear displacement
sensor which may obtain a perimeter signal indicating
the perimeter of the abdomen of the subject and indirectly
indicating the bladder volume of the subject.

[0009] Inone aspect, the present invention provides a
device for monitoring bladder volume of a subject. The
device comprises a sensor to be attached to a region on
the exterior surface of the abdomen of the subject, the
region corresponding to the bladder of the subject, the
sensor being configured to obtain a sensor signal indi-
cating the bladder volume of the subject; a controlling
unit configured to generate a control signal if it determines
that the change of the bladder volume of the subject ex-
ceeds a predetermined amount based on the sensor sig-
nal; an ultrasound probe to be attached to the subject
and configured to emit, in response to the control signal,
an ultrasonic signal toward the bladder of the subject and
receive echo signals from the bladder of the subject; a
deriving unit configured to derive the bladder volume of
the subject from the received echo signals. The prede-
termined amount may be a constant in some embodi-
ments and time-varied in other embodiments.

[0010] Inoneembodiment,the controlling unitis further
configured to determine whether the derived bladder vol-
ume of the subject reaches a predefined threshold, and
the device of the invention further comprises an alarm
configured to give an alarm if the controlling unit deter-
mines that the derived bladder volume of the subject
reaches the predefined threshold. Therefore, the device
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of the invention may be adapted for providing a warning
when the bladder volume of the subject reaches a critical
volume for urination.

[0011] Inone embodiment, the device further compris-
es a low-pass filtering unit configured to apply low-pass
filtering to the sensor signal, and the controlling unit de-
termines whether the change of the bladder volume of
the subject exceeds the predetermined amount based
on the low-pass filtered sensor signal of the subject. Ac-
cording to the embodiment, artifacts such as those in-
duced by respiration of the subject may be at least par-
tially eliminated by means of said low-pass filtering, be-
cause respiration change is more frequent than bladder
volume change.

[0012] As an alternative, the device further comprises
one or more additional sensors to be attached to one or
more additional regions on the exterior surface of the
abdomen of the subject outside the region corresponding
to the bladder of the subject and adapted to obtain one
or more additional sensor signals, wherein the controlling
unit determines whether the change of the bladder vol-
ume of the subject exceeds the predetermined amount
based onthe sensor signal and the one or more additional
sensor signals. According to the embodiment, artifacts
such as those induced by the subject’s respiration may
also be at least partially eliminated, because the one or
more additional sensor signals obtained outside the blad-
der region are expected to represent mostly the artifacts
rather than the change of the volume, whilst the sensor
signal obtained within the bladder region is expected to
represent a combination of the artifacts and the change
of the bladder volume.

[0013] Inone embodiment, the device further compris-
es amovement detecting unit configured to obtain move-
ment data of the subject. The controlling unit is further
configured to determine whether the variation rate of the
movement data of the subject is less than a predeter-
mined value and, if so, generate the control signal. In this
way, artifacts due to movement of the subject may be at
least partially eliminated.

[0014] Furthermore, the device may comprise areceiv-
ing unit for receiving a parameter value indicating the
predefined threshold, wherein the controlling unit gener-
ates the predefined threshold based on the parameter
value. Thus, the predefined threshold may be set to be
different for different individual subjects by the device of
the invention. In this way, the device can be adjusted to
fit the various conditions or needs of different users. For
example, the urge to void may be different for different
users.

[0015] Moreover, the ultrasound probe of the invention
may be improved in order to be attached to the subject
in a fixed location for long-time monitoring and in order
to derive the volume of the bladder of the subject.
[0016] In one embodiment, the ultrasound probe com-
prises an ultrasound transducer comprising two sets of
ultrasound transducer elements configured in a cross
shape or T shape, each set comprising one or more ul-
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trasound transducer elements. In particular, the two sets
of ultrasound transducer elements respectively form the
two bars of the cross-shape or T-shape and are config-
ured to emit ultrasonic signals toward the bladder of the
subject in a set-by-set sequential manner.

[0017] In another embodiment, the ultrasound probe
comprises two separate ultrasound transducers which
are configured in a cross shape or T shape, each of which
comprises one or more ultrasound transducer elements.
In particular, the two ultrasound transducers respectively
form the two bars of the cross-shape or T-shape and are
configured in a cross-shape or T-shape sequentially emit
ultrasonic signals toward the bladder of the subject.
[0018] In a further embodiment, the ultrasound probe
comprises a capacity micro-machined ultrasound trans-
ducer (CMUT).

[0019] In another aspect, the present invention pro-
vides a method of monitoring the bladder volume of a
subject. The method comprises a) obtaining a sensor
signal indicating the bladder volume of the subject by
means of a sensor to be attached to a region on the ex-
terior surface of the abdomen of the subject, the region
corresponding to the bladder of the subject; b) generating
a control signal if it is determined that the change of the
bladder volume of the subject exceeds a predetermined
amount based on the sensor signal; c) in response to the
control signal, emitting an ultrasonic signal toward the
bladder of the subject and receiving echo signals from
the bladder of the subject by an ultrasound probe; d) de-
riving the bladder volume of the subject from the received
echo signals; e) determining whether the derived bladder
volume of the subject reaches a predefined threshold; f)
repeating the steps a)-e) if it is determined that the de-
rived bladder volume of the subject does not reach the
predefined threshold in step e).

[0020] In a further aspect, the present invention pro-
vides a computer program product which comprises com-
puter program instructions which, when executed on the
device of the invention, enables the device to perform
the method of the invention.

[0021] Various aspects and features of the disclosure
are described in further detail below. And other objects
and advantages of the present invention will become
more apparent and will be easily understood with refer-
ence to the description made in combination with the ac-
companying drawings.

DESCRIPTION OF THE DRAWINGS

[0022] The presentinvention will be described and ex-
plained hereinafter in more detailin combination with em-
bodiments and with reference to the drawings, wherein:

Fig. 1 is a schematic block diagram of a device 1 for
monitoring the bladder volume of a subject according
to one embodiment of the present invention;

Fig. 2 is a schematic block diagram of a device 1A
for monitoring the bladder volume of a subject ac-
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cording to another embodiment of the presentinven-
tion;

Fig. 3 is a flowchart of a method for monitoring the
bladder volume of a subject according to one em-
bodiment of the present invention;

Fig. 4 is a flowchart of a method for monitoring the
bladder volume of a subject according to another
embodiment of the present invention.

[0023] Thesamereference signsinthe figuresindicate
similar or corresponding features and/or functionalities.

DETAILED DESCRIPTION

[0024] The present invention will be described with re-
spect to particular embodiments and with reference to
certain drawings, but the invention is not limited thereto
but only by the claims. The drawings described are only
schematic and are non-limiting. In the drawings, the size
of some of the elements may be exaggerated and not
drawn to scale for illustrative purposes.

[0025] Fig.1 shows a device 1 for monitoring the blad-
der volume of a subject, e.g., a patient, according to one
embodiment of the present invention. The device 1 com-
prises a sensor 10 which may be attached to a region on
the exterior surface of the abdomen of the subject cor-
responding to the bladder of the subject and which ob-
tains a sensor signal indicating the bladder volume of the
subject; a controlling unit 11 which generates a control
signal when it is determined that the change of the blad-
der volume of the subject exceeds a predetermined
amount based on the sensor signal; an ultrasound probe
12 which is to be attached to the subject and which is
configured to emit, in response to the control signal, an
ultrasonic signal toward the bladder of the subject and
which receives echo signals from the bladder of the sub-
ject; and a deriving unit 13 which derives the bladder
volume of the subject from the received echo signals.
[0026] The sensor 10 is used for obtaining a sensor
signal which may indirectly indicate the bladder volume
of a subject. In one preferred embodiment, the sensor
10 may be a pressure sensor, e.g., a piezoelectric sensor,
and the sensor signal is a pressure signal indicating in-
ternal pressure of the bladder of the subject. Since the
volume of the bladder of the subject increases propor-
tionally with the internal pressure of the bladder of the
subject, the pressure signal may indirectly indicate the
bladder volume of the subject.

[0027] However, the sensor 10 is not limited to a pres-
sure sensor; any kind of other sensor which can generate
a sensor signal directly or indirectly indicating the bladder
volume of the subject may be used. Accordingly, the sen-
sor signal is not limited to the pressure signal only; any
kind of sensor signal which can directly or indirectly in-
dicate the bladder volume of the subject may be used.
[0028] An example of an alternative sensor is a linear
displacement sensorwhich is to be attached to the region
on the exterior surface of the subject corresponding to
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the bladder of the subject. The linear displacement sen-
sor can measure the perimeter of the abdomen of the
subject. In this case, the sensor signal is a perimeter
signalindicating the perimeter of the abdomen of the sub-
ject. Since the perimeter of the abdomen of the subject
may increase as the bladder volume of the subject in-
creases, the perimeter signal may reflect the bladder vol-
ume of the subject to some extent.

[0029] Certainly, the sensor signal may be a displace-
ment signal obtained from the linear displacement sensor
also. Such a displacement signal may indicate the
change of the bladder volume of the subject.

[0030] The controlling unit 11 receives the sensor sig-
nal from the sensor 10 and determines whether the
change of the bladder volume of the subject exceeds a
predetermined amount based on the sensor signal. In
one embodiment, the predetermined amount may be a
value representing volume difference. In this case, a
coarse value of the bladder volume can be derived from
the sensor signal.

[0031] Preferably, the predetermined amount is an in-
crement of the sensor signal, or a proportional increment,
e.g., 5%, between the original sensor signal of the sub-
ject, e.g., the sensor signal obtained at the beginning of
monitoring, and the current sensor signal of the subject.
The controlling unit 11 determines whether the change
of the sensor signal exceeds the predetermined amount
directly. If the controlling unit 11 determines that the
change of the sensor signal exceeds the predetermined
amount, it generates the control signal.

[0032] The predetermined amount may be constant or
the predetermined amount may be varied as the urine
accumulates in the bladder of the subject. For example,
the predetermined amount may be set to a large value
after urination and reduces gradually until next urination.
In this way, ultrasound imaging may be triggered more
frequently when more urine accumulates in the bladder
of the subject. Thus, the bladder volume may be derived
more frequently as the next urination approaches and
thus warning the patient about the next urination can be
done in advance more accurately.

[0033] In addition, the predetermined amount may be
varied for individual patients also.

[0034] It may be contemplated that the predetermined
amountmay be a pressure amount or a perimeter amount
as long as it intimately correlates to the bladder volume
change of the subject.

[0035] Certainly, it is possible that the sensor 10 ob-
tains a sensor signal indicating the bladder volume
change and the controlling unit 11 compares the sensor
signal with the predetermined amount to determine
whether the change of the bladder volume is sufficient
to trigger the generation of the control signal.

[0036] In response to the control signal from the con-
trolling unit 11, the ultrasound probe 12 transmits an ul-
trasonic signal toward the bladder of the subject and re-
ceives echo signals from the bladder of the subject. The
ultrasonic signal comprises a series of ultrasonic pulses
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or ultrasonic waves. In order to attach the ultrasound
probe to the subject in a fixed location for long-time mon-
itoring and in order to change the transmission angle of
the ultrasound probe to derive the volume of the bladder
of the subject, the ultrasound probe may have the follow-
ing configurations.

[0037] Inone configuration, the ultrasound probe com-
prises an ultrasound transducer comprising two sets of
ultrasound transducer elements configured in a cross
shape or a T shape. The two sets of ultrasound trans-
ducer elements respective form the two bars of the cross
shape or T shape. The two sets of ultrasound transducer
elements are configured to emit ultrasonic signals toward
the bladder of the subject in a set-by-set sequential man-
ner. Each set of the ultrasound transducer elements may
include one or more ultrasound transducer elements. In
this way, the two sets of ultrasound transducer elements
may be controlled by only one controller to sequentially
emit the ultrasonic signals to the subject.

[0038] In another configuration, the ultrasound probe
comprises two separate ultrasound transducers which
are configured so as to respectively be the two bars of
the cross-shape or T-shape. According to an embodi-
ment of the presentinvention, the ultrasound transducers
emit ultrasonic signals toward the bladder of the subject
in a sequential manner. Each one of the ultrasound trans-
ducers may comprise one or more ultrasound transducer
elements. This configuration may be simply achieved by
two existing ultrasound transducers, and in this way the
two ultrasound transducers can be controlled separately.
[0039] Such a configured ultrasound probe is light-
weight and thin, and it is easy to change the transmission
angle of the ultrasonic signal of the ultrasound probe so
as to facilitate the deriving of the bladder volume of the
subject.

[0040] In one preferred embodiment, the ultrasound
probe comprises a capacity micro-machined ultrasound
transducer (CMUT).

[0041] The deriving unit 13 receives the echo signals
from the ultrasound probe 12, generates image data of
the bladder of the subject and derives the bladder volume
of the subject based on the image data of the bladder of
the subject. The commonly used methods for deriving
the bladder volume comprise the prolate ellipsoid meth-
od, double area method and double ellipsoid method.
The derived bladder volume may be displayed on a dis-
play (not shown) for a user. In some embodiments, one
or more 2D or 3D images can be further generated from
the image data and displayed. In other embodiments, no
ultrasound image is generated or displayed.

[0042] Inoneembodiment, the derived bladder volume
may be transmitted to the controlling unit 11 which com-
pares the derived bladder volume with a predefined
threshold. If the derived bladder volume reaches or ex-
ceeds the predefined threshold, the controlling unit 11
triggers an alarm 14 to give an alarm to the user. The
alarm may be a visual signal displayed on the display
(not shown) or an audio signal.
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[0043] The predefined threshold may be presetin the
controlling unit 11.

Alternatively, the predefined threshold may be received
from the user via a receiving unit 17, as shown in Fig.2.
Preferably, the receiving unit 17 may receive a parameter
value indicating the predefined threshold and the con-
trolling unit 11 generates the predefined threshold based
on the parameter value. In this case, the predefined
threshold may be set based on individual subjects, more
particularly, different urges to void of different individual
patients. That is, the predefined threshold may be set to
be different for different individual subjects.

[0044] In Fig.2, a device 1A is illustrated. In one pre-
ferred embodiment, the device 1A further comprises a
low-pass filtering unit 15 which is used to at least partially
eliminate artifacts, induced by respiration of the subject,
e.g., the patient, from the sensor signal, e.g., the pressure
signal or the displacement signal. Compared with the ar-
tifact caused by the respiration of the subject, the sensor
signal is a low-frequency signal due to the increase of
the bladder volume of the subject. This is because, com-
pared with breathing cycles, the change of the bladder
volume is very slow because the accumulation process
of urine in the bladder is a very slow process. In addition,
since the breathing signal is a near-sine signal, the low-
pass filtering unit 15 may be designed to separate the
low-frequency signal, i.e., the sensor signal, due to the
increase of the bladder volume of the subject, from the
near-sine signal through spectral analysis of the sensor
signal.

[0045] The low-pass filtering unit 15 receives the sen-
sor signal, e.g., the pressure signal or the perimeter sig-
nal, from the sensor 10 and performs low-pass filtering
on the sensor signal to at least partially eliminate the
artifacts caused by the respiration of the subject. In this
case, the controlling unit 11 determines whether the blad-
der volume change of the subject exceeds the predeter-
mined amount based on the low-pass filtered sensor sig-
nal of the subject.

[0046] Instead of using the low-pass filtering unit 15,
one or more additional sensors (not shown) may be at-
tached to one or more additional regions on the exterior
surface of the abdomen of the subject outside the region
corresponding to the bladder of the subject. Since the
one or more additional sensors are not attached to the
region corresponding to the bladder of the subject, i.e.,
the bladder region, one or more additional sensor signals
obtained by the one or more additional sensors substan-
tially do not include the sensor signal caused by the in-
crease of the bladder volume of the subject, but include
the artifacts such as those induced by the respiration of
the subject. In this case, the controlling unit 11 receives
the one or more additional sensor signals from the one
or more additional sensors also and determines whether
the bladder volume change of the subject exceeds the
predetermined amount based on the sensor signal and
the one or more additional sensor signals. In the case of
one additional sensor, the controlling unit 11 determines
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whether the bladder volume change of the subject ex-
ceeds the predetermined amount based on a difference
between the sensor signal and the additional sensor sig-
nal. In the case of a plurality of additional sensors, a plu-
rality of differences between the sensor signal and indi-
vidual additional sensor signals of a plurality of additional
sensor signals from the plurality of additional sensors
may be averaged and the controlling unit 11 determines
whether the bladder volume change of the subject ex-
ceeds the predetermined amount based on the averaged
difference. In this case, it is preferred that the sensor 10
and the additional sensors are the same kind of sensor.
In one embodiment, both of them are pressure sensors.
In another embodiment, both of them are linear displace-
ment sensors.

[0047] Inanotherpreferred embodiment, the device 1A
may further comprise a movement detecting unit 16, e.g.,
an accelerator, which collects movement data of the sub-
ject. In this embodiment, the controlling unit 11 deter-
mines whether the variation rate of the movement data
of the subject is less than a predetermined value, and
generates the control signal if it determines that the var-
iation rate of the movement data of the subject is less
than the predetermined value. In particular, the control-
ling unit 11 receives the movement data of the subject
from the movement detecting unit 16, determines the var-
iation rate of the movement data of the subject, e.g., by
determining a derivative of the movement data, com-
pares the variation rate with the predetermined value,
e.g.,inputby auserorapatient, and generates the control
signal when the variation rate of the movement data of
the subject is less than the predetermined value.
[0048] In this case, the control signal is generated by
taking both the sensor signal and the variation rate of the
movement data of the subject into consideration. There-
fore, artifacts due to movement of the subject may be at
least partially eliminated and thus a more accurate blad-
der volume may be derived.

[0049] Although the device 1 of the invention is de-
scribed with respect to a sensor 10, a controlling unit 11,
an ultrasound probe 12, a deriving unit 13 and an alarm
14, as shown in Fig.1, and the device 1A of the invention
is described with respect to a sensor 10, a controlling
unit 11, an ultrasound probe 12, a deriving unit 13, an
alarm 14, a low-pass filtering unit 15, a movement de-
tecting unit 16 and a receiving unit 17, as shown in Fig.2,
it will be understood that the device of the invention is
not limited to the configurations described above. One
or more components of the device may be omitted or
integrated into one component to perform the same func-
tion. Or, one or more components of the device may be
omitted directly to omit their function without affecting the
implementation of the invention. For example, for a pa-
tient who cannot move, the movement detecting unit 16
may be omitted.

[0050] Furthermore, itmay be determined thatthe con-
trolling unit 11, the deriving unit 13, and the low-pass
filtering unit 15 of the device of the invention may be
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achieved by any one of software, hardware, firmware or
a combination thereof. In particular, they may be
achieved not only by computer programs for performing
corresponding functions but also by various entity devic-
es, such as application-specific integrated circuits
(ASIC), digital signal processors (DLP), programmable
logic devices (PLD), field-programmable gate arrays
(FPGA), and CPU. More particularly, they may be imple-
mented as part of a handheld computer or laptop for
home monitoring purpose or as part of a hospital central
workstation for hospital monitoring purpose.

[0051] It may be anticipated that the device of the in-
vention may be used not only for a single evaluation of
the bladder volume of the subject for initial screening but
also for long-time serial monitoring of the bladder volume
of the subject. In the case of long-time monitoring of the
bladder volume of the subject, the sensor 10 and the
ultrasound probe 12 are to be attached to the subject at
afixed location, and other components of the device may
be integrated into a handheld device or a wearable de-
vice, e.g., a handheld or wearable processor, for home
monitoring purpose and into a bedside monitoring device
or a workstation for hospital monitoring purpose. The
sensor 10 obtains sensor signals continually. The con-
trolling unit 11 receives the sensor signals and deter-
mines whether the bladder volume change of the subject
exceeds a predetermined amount based on each of the
sensor signals. The controlling unit 11 generates the con-
trolling signal when it is determined that the bladder vol-
ume change of the subject exceeds a predetermined
amount based on the sensor signals. Similarly, the low-
pass filtering unit 15 and the movement detecting unit 16
may also be adapted for long-time monitoring.

[0052] It may also be anticipated that the signals or
data may be transferred between the components of the
device of the invention in wired or wireless manner.
[0053] It may be contemplated that the device of the
invention may be achieved by means of a sensor to be
attached to the subject, any kind of ultrasound imaging
system, and one of a handheld computer or laptop and
a hospital central workstation.

[0054] It may also be contemplated that the device of
the invention may comprise a plurality of sensors 10, a
plurality of ultrasound probes 12, and optionally a plurality
of movement detecting units 16, which are to be used to
monitor a plurality of subjects, e.g., patients. Each of the
plurality of subjects is provided with a sensor 10, an ul-
trasound probe 12, and optionally a movement detecting
unit 16. According to an embodiment of the present in-
vention, the controlling unit 11, the deriving unit 13, the
alarm 14 as well as thelow-pass filtering 15 may be in-
corporated into a central unit such as a workstation. The
central unit is configured to communicate with each sen-
sor 10, each ultrasound probe 12 and each movement
detecting unit 16 in wired or wireless manner. In an em-
bodiment, each of the plurality of subjects may be further
provided with a communicating unit, which is connected
to the sensor 10, the ultrasound probe 12 and the move-
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ment detecting unit 16 provided to that subject and is
configured to relay the communication with the center
unit.

[0055] It may be further contemplated that any one of
a predetermined amount, a predefined threshold and a
predetermined value may be preset, before delivery of
the device to a patient, or received from a user via a
receiving unit 17.

[0056] Fig.3 shows a flowchart of a method of moni-
toring the bladder volume of a subject according to one
embodiment ofthe presentinvention. In step S4, a sensor
signal indicating the bladder volume change of the sub-
ject is obtained by means of a sensor 10 attached to a
region on the exterior surface of the abdomen of the sub-
ject, the region corresponding to the bladder of the sub-
ject. Inone embodiment, the sensor signal may be a pres-
sure signal indicating internal pressure of the bladder of
the subject. In a preferred embodiment, one or more ad-
ditional sensor signals may be obtained from one or more
additional regions on the exterior surface of the abdomen
of the subject outside the region corresponding to the
bladder of the subject.

[0057] Instep S,, it is determined whether the change
of the bladder volume of the subject exceeds a predeter-
mined amount based on the sensor signal and an addi-
tional sensor signal, if any, of the subject.

[0058] In particular, if no additional sensor signal is ob-
tained, by determining that the change of the sensor sig-
nal has reached a predefined criterion it may be deter-
mined that the change of the bladder volume of the sub-
ject exceeds the predetermined amount. In the case
where one additional sensor signal is obtained, it may be
determined whether the change of the bladder volume
of the subject exceeds the predetermined amount based
on the sensor signal and the additional sensor signal,
more particularly, based on the difference between the
sensor signal and the additional sensor signal. Inthe case
where a plurality of additional sensor signals are ob-
tained, as described above, the averaged difference be-
tween the sensor signal and an individual additional sen-
sor signal of a plurality of additional sensor signals may
be used.

[0059] Ifitis determined that the change of the bladder
volume of the subject exceeds the predetermined
amount, a control signal is generated in step S;. Other-
wise, no control signal is generated and the process re-
turns to step S;.

[0060] Instep S,, in response to the control signal, an
ultrasound probe emits an ultrasonic signal toward the
bladder of the subject and receives echo signals from
the bladder of the subject.

[0061] In step S5, the bladder volume of the subject is
derived from the received echo signals. In particular, a
2D/3D imageis generated from the received echo signals
and the bladder volume of the subject is derived from the
image using algorithms known in the art, as described
above.

[0062] In step Sg, the derived bladder volume of the
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subject is compared with a predefined threshold. If it is
determined that the derived bladder volume of the subject
reaches the predefined threshold, an alarm is given in
step S;. Otherwise, no alarm is given and the process
returns to step S;.

[0063] Fig.4 shows a flowchart of a method of moni-
toring the bladder volume of a subject according to an-
other embodiment of the present invention. Most of the
steps shown in Fig.4 are the same as those in Fig.3. The
method shown in Fig.4 is different from that shown in
Fig.3 in that the method shown in Fig.4 comprises steps
Sy 84’y 85 and Sy, The step S indicates the start of the
method of the invention. After the start of the method of
the invention in step Sy, steps S; and S, are performed.
[0064] In step Sy, the sensor signal obtained in step
S, is low-pass filtered to at least partially eliminate arti-
facts caused by respiration of a subject. In this case, in
step S,, whether the change of the bladder volume of
the subject exceeds a predetermined amount is deter-
mined based on the low-pass filtered sensor signal, and
if it is determined that the change of the bladder volume
of the subject fails to exceed a predetermined amount,
the process returns to step S to restart the method of
the invention.

[0065] Instep S,, movement data of the subject is ob-
tained. In step Sy, it is determined whether the variation
rate of the movement data of the subject is less than a
predetermined value. If it is determined that the variation
rate of the movement data of the subject is less than the
predetermined value, the process proceeds to step Sj.
Otherwise, it returns to step S to restart the method of
the invention.

[0066] According to the method of the embodiment, in
step S3, a control signal is generated when the following
two requirements are met: (1) it is determined that the
change of the bladder volume of the subject exceeds the
predetermined amount based on the sensor signal and
(2) the variation rate of the movement data of the subject
is less than the predetermined value.

[0067] Although the methods of the invention are de-
scribed with respect to the steps shown in Figs. 3 and 4,
it may be understood that some of the steps may be omit-
ted to omit their function without affecting the implemen-
tation of the invention. For example, for a patient who
cannot move, steps S, and S, may be omitted. It may
also be understood that some of the steps may be com-
bined into one step to fulfill the same function.

[0068] Please note that the device according to the
presentinvention should not be limited to the device men-
tioned above. It will be apparent to those skilled in the
art that the various aspects of the invention claimed may
be practiced in other examples that depart from these
specific details. The invention being defined by claims
1-15.

[0069] Furthermore, the mere fact that certain meas-
ures are recited in mutually different dependent claims
does not indicate that a combination of these measures
cannot be used to advantage.
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[0070] It should be noted that the above-mentioned
embodiments illustrate rather than limit the invention and
that those skilled in the art would be able to design alter-
native embodiments without departing from the scope of
the appended claims. In the claims, any reference signs
placed between parentheses shall not be construed as
limiting the claim. The word "comprising" does not ex-
clude the presence of elements or steps not listed in a
claim orinthe description. The word "a" or "an" preceding
an element does not exclude the presence of a plurality
of such elements. In the product claims enumerating sev-
eral units, several of these units can be embodied by one
and the same item of software and/or hardware. The us-
age of the words first, second and third, et cetera, does
not indicate any ordering. These words are to be inter-
preted as names. The inventionis defined by the attached
claims 1-15.

Claims

1. A device (1, 1A) for monitoring the bladder volume
of a subject, comprising:

a sensor (10) to be attached to a region on the
exterior surface of the abdomen of the subject,
the region corresponding to the bladder of the
subject, the sensor being configured to obtain a
sensor signal indicating the bladder volume of
the subject;

a controlling unit (11) configured to generate a
control signal if it determines that the change of
the bladder volume of the subject exceeds a pre-
determined amount based on the sensor signal;
characterized by further comprising:

an ultrasound probe (12) to be attached to
the subject and configured to emit, in re-
sponse to the control signal, an ultrasonic
signal toward the bladder of the subject and
receive echo signals from the bladder of the
subject;

a deriving unit (13) configured to derive the
bladder volume of the subject from the re-
ceived echo signals.

2. The device of claim 1, wherein the controlling unit
(11) is further configured to determine whether the
derived bladder volume of the subject reaches a pre-
defined threshold,
the device (1,1A) further comprises an alarm (14)
configured to give an alarm if the controlling unit (11)
determines that the derived bladder volume of the
subject reaches the predefined threshold.

3. The device of claim 1, wherein the device (1, 1A)
further comprises a
low-pass filtering unit (15) configured to apply low-
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pass filtering to the sensor signal,

wherein the controlling unit (11) determines whether
the change of the bladder volume of the subject ex-
ceeds the predetermined amount based on the low-
pass filtered sensor signal of the subject.

The device of claim 1, further comprises one or more
additional sensors to be attached to one or more
additional regions on the exterior surface of the ab-
domen of the subject outside the region correspond-
ing to the bladder ofthe subject and adapted to obtain
one or more additional sensor signals, wherein the
controlling unit (11) determines whether the change
of the bladder volume of the subject exceeds the
predetermined amount based on the sensor signal
and the one or more additional sensor signals.

The device of any one of claims 1 to 4, further com-
prising:

a movement detecting unit (16) configured to
obtain movement data of the subject;

wherein the controlling unit (11) is further con-
figured to determine whether the variation rate
of the movement data of the subject is less than
a predetermined value, and generate the control
signal if it determines that the variation rate of
the movement data of the subject is less than a
predetermined value.

The device of claim 2, further comprising:

a receiving unit (17) for receiving a parameter
value indicating the predefined threshold,
wherein the controlling unit (11) generates the
predefined threshold based on the parameter
value.

The device of claim 1, wherein the ultrasound probe
(12) comprises an ultrasound transducer comprising
two sets of ultrasound transducer elements config-
ured in a cross shape or T shape, each set compris-
ing one or more ultrasound transducer elements.

The device of claim 1, wherein the ultrasound probe
(12) comprises two separate ultrasound transducers
which are configured in a cross shape or T shape,
each of which comprises one or more ultrasound
transducer elements

The device of claim 1, wherein the sensor signal is
a pressure signal indicating internal pressure from
the bladder of the subject and the sensor (10) is a
piezoelectric sensor.

The device of claim 1, wherein the sensor signal is
a perimeter signal indicating the perimeter of the ab-
domen of the subject and the sensor (10) is a linear
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displacement sensor.

A method of monitoring the bladder volume of a sub-
ject, comprising the step of

a) obtaining a sensor signal indicating the blad-
der volume of the subject by means of a sensor
when the sensor is attached to a region on the
exterior surface of the abdomen of the subject,
the region corresponding to the bladder of the
subject (Sy);

b) generating a control signal (S) if it is deter-
mined that the change of the bladder volume of
the subject exceeds a predetermined amount
based on the sensor signal (S,);

c) in response to the control signal, emitting an
ultrasonic signal toward the bladder of the sub-
ject and receiving echo signals from the bladder
of the subject by means of an ultrasound probe
(S4);

d) deriving the bladder volume of the subject
from the received echo signals (Sg);

e) determining whether the derived bladder vol-
ume of the subject reaches a predefined thresh-
old (Se);

f) repeating the steps a)-e) if itis determined that
the derived bladder volume of the subject does
not reach the predefined threshold in the step

e) (Se)-

The method of claim 11, further comprising a step
of giving an alarm if it is determined that the derived
bladder volume of the subject reaches the prede-
fined threshold in the step e) (S;).

The method of claim 12, further comprising a step
of applying low-pass filtering to the sensor signal
(S¢’), and wherein the step b) further comprises de-
termining that the change of the bladder volume of
the subject exceeds the predetermined amount
based on the low-pass filtered sensor signal of the
subject (S,).

The method of any one of claims 11 to 13, further
comprising steps of:

obtaining movement data of the subject (S,);
and

determining whether the variation rate of-the
movement data of the subject is less than a pre-
determined value (S,),

wherein the step b) further comprises generat-
ing the control signal (S,) if it is determined that
the variation rate of the movement data of the
subject is less than a predetermined value (Sy).

A computer program product comprising computer
program instructions,

10

15

20

25

30

35

40

45

50

55

which, when on a device according to any one of
claims 1to 10, enable the device to perform the meth-
od of any one of claims 11 to 14.

Patentanspriiche

Vorrichtung (1, 1A) zur Uberwachung des Blasen-
volumens einer Person, Folgendes umfassend:

einen Sensor (10), der in einem Bereich an der
AuBenflache des Abdomens der Person anzu-
bringenist, wobeider Bereich der Blase der Per-
son entspricht, wobei der Sensor konfiguriertist,
um ein Sensorsignal zu erhalten, welches das
Blasenvolumen der Person angibt;

eine Steuerungseinheit (11), die konfiguriert ist,
um ein Steuersignal zu erzeugen, wenn sie fest-
stellt, dass die Anderung des Blasenvolumens
der Person einen vorbestimmten Umfang basie-
rend auf dem Sensorsignal lbersteigt;
dadurch gekennzeichnet, dass sie dariiber hi-
naus Folgendes umfasst:

eine Ultraschallsonde (12), die an der Per-
son anzubringen ist, und die konfiguriert ist,
um als Reaktion auf das Steuersignal ein
Ultraschallsignal in Richtung der Blase der
Person zu senden, und Echosignale von
der Blase der Person zu empfangen;

eine Ableiteinheit (13), die konfiguriert ist,
das Blasenvolumen der Person aus den
empfangenen Echosignalen abzuleiten.

Vorrichtung nach Anspruch 1, wobei die Steue-
rungseinheit (11) dartber hinaus konfiguriert ist, um
zu bestimmen, ob das abgeleitete Blasenvolumen
der Person einen vordefinierten Schwellenwert er-
reicht,

wobei die Vorrichtung (1, 1A) dariiber hinaus einen
Alarm (14) umfasst, der konfiguriert ist, um einen
Alarm auszugeben, falls die Steuerungseinheit (11)
bestimmt, dass das abgeleitete Blasenvolumen der
Person den vordefinierten Schwellenwert erreicht.

Vorrichtung nach Anspruch 1, wobei die Vorrichtung
(1, 1A) daruber hinaus eine Niederpassfiltereinheit
(15) umfasst, die konfiguriert ist, um eine Nieder-
passfilterung auf das Sensorsignal anzuwenden,
wobei die Steuerungseinheit (11) bestimmt, ob die
Anderung des Blasenvolumens der Person den vor-
bestimmten Umfang basierend auf dem niederpass-
gefilterten Sensorsignal der Person Ubersteigt.

Vorrichtung nach Anspruch 1, die dariiber hinaus
einen oder mehrere zuséatzliche Sensoren umfasst,
die in einem oder mehreren zusatzlichen Bereichen
der AuRRenflache des Abdomens der Person auler-
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halb des Bereichs anzubringen sind, die der Blase
der Person entspricht, und ausgefihrt sind, um eines
oder mehrere zusatzliche Sensorsignale zu erhal-
ten, wobei die Steuerungseinheit (11) bestimmt, ob
die Anderung des Blasenvolumens der Person den
vorbestimmten Umfang basierend auf dem Sensor-
signal und dem einen oder mehreren zusatzlichen
Sensorsignalen Ubersteigt.

Vorrichtung nach irgendeinem der Anspriiche 1 bis
4, dartber hinaus Folgendes umfassend:

eine Bewegungserfassungseinheit (16), die
konfiguriertist,um Bewegungsdaten der Person
zu erhalten;

wobei die Steuerungseinheit (11) dartber hin-
aus konfiguriert ist, um zu bestimmen, ob die
Abweichungsrate der Bewegungsdaten der
Person kleiner ist, als ein vorbestimmter Wert,
und das Steuersignal zu erzeugen, wenn sie
feststellt, dass die Abweichungsrate der Bewe-
gungsdaten der Person kleiner ist, als ein vor-
bestimmter Wert.

Vorrichtung nach Anspruch 2, darlber hinaus Fol-
gendes umfassend:

eine Empfangseinheit (17) zum Empfangen ei-
nes Parameterwerts zur Angabe des vordefi-
nierten Schwellenwerts,

wobei die Steuerungseinheit (11) den vordefi-
nierten Schwellenwert basierend auf dem Para-
meterwert erzeugt.

Vorrichtung nach Anspruch 1, wobei die Ultraschall-
sonde (12) einen Ultraschallumformer umfasst, der
zwei Satze an Ultraschallumformer-Elementen um-
fasst, die in einer Uberkreuzten Form oder T-Form
konfiguriert sind, wobei jeder Satz einen oder meh-
rere Ultraschallumformer-Elemente umfasst.

Vorrichtung nach Anspruch 1, wobei die Ultraschall-
sonde (12) zwei getrennte Ultraschallumformer um-
fasst, die in einer Uberkreuzten Form oder T-Form
konfiguriert sind, von denen jeder eines oder meh-
rere Ultraschallumformer-Elemente umfasst.

Vorrichtung nach Anspruch 1, wobei das Sensorsi-
gnal ein Drucksignal ist, das einen Innendruck von
der Blase der Person angibt und der Sensor (10) ein
piezoelektrischer Sensor ist.

Vorrichtung nach Anspruch 1, wobei das Sensorsi-
gnal ein Umfangssignal ist, das den Umfang des Ab-
domens der Person angibt und der Sensor (10) ein
linearer Weggeber ist.

Verfahren zur Uberwachung des Blasenvolumens
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einer Person, die folgenden Schritte umfassend

a) Erhalten eines Sensorsignals, welches das
Blasenvolumen der Person durch einen Sensor
angibt, wenn der Sensor in einem Bereich an
der Au3enflache des Abdomens der Person an-
gebracht ist, wobei der Bereich der Blase der
Person (S4) entspricht;

b) Erzeugen eines Steuersignals (Sj), wenn
festgestelltwird, dass die Anderung des Blasen-
volumens der Person einen vorbestimmten Um-
fang basierend auf dem Sensorsignal (S,) tber-
steigt;

c) als Reaktion auf das Steuersignal, das Sen-
deneines Ultraschallsignals in Richtung der Bla-
se der Person und Empfangen von Echosigna-
len von der Blase der Person durch eine Ultra-
schallsonde (Sy);

d) Ableiten des Blasenvolumens der Person von
den empfangenen Echosignalen (Ss);

e) Bestimmen, ob das abgeleitete Blasenvolu-
men der Person einen vordefinierten Schwel-
lenwert (Sg) erreicht;

f) Wiederholen der Schritte a)-e) wenn festge-
stellt wird, dass das abgeleitete Blasenvolumen
der Person den vordefinierten Schwellenwertim
Schritt e) (Sg) nicht erreicht.

Verfahren nach Anspruch 11, darliber hinaus einen
Schritt der Ausgabe eines Alarms umfassend, wenn
festgestellt wird, dass das abgeleitete Blasenvolu-
men der Person den vordefinierten Schwellenwert
im Schritt e) (S7) erreicht.

Verfahren nach Anspruch 12, darliber hinaus einen
Schritt des Anwendens einer Niederpassfilterung
auf das Sensorsignal (S4’) umfassend, und wobei
der Schritt b) darliber hinaus die Bestimmung um-
fasst, dass die Anderung des Blasenvolumens der
Person den vorbestimmten Umfang basierend auf
dem niederpassgefilterten Sensorsignal der Person
(S,) Ubersteigt.

Verfahren nach irgendeinem der Anspriiche 11 bis
13, dariber hinaus die folgenden Schritte umfas-
send:

Erhalten von Bewegungsdaten der Person (S,);
und

Bestimmen, ob die Abweichungsrate der Bewe-
gungsdaten der Person kleiner ist, als ein vor-
bestimmter Wert (Sy),

wobei der Schritt b) dartiber hinaus das Erzeu-
gen eines Steuersignals (S;) umfasst, wenn
festgestellt wird, dass die Abweichungsrate der
Bewegungsdaten der Person kleiner ist, als ein
vorbestimmter Wert (S,,).
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15. Computerprogrammprodukt, Computerprogramm-

befehle umfassend, die, wenn sie sich in einer Vor-
richtung nach einem der Anspriiche 1 bis 10 befin-
den, die Vorrichtung dazu befahigen, das Verfahren
nach irgendeinem der Anspriche 11 bis 14 durch-
zufuhren.

Revendications

Dispositif (1, 1A) de surveillance du volume de la
vessie d’un sujet, comprenant :

un détecteur (10) a fixer a une région de la sur-
face externe de I'abdomen du sujet, la région
correspondant a la vessie du sujet, le détecteur
étant configuré pour obtenir un signal du détec-
teur indiquant le volume de la vessie du sujet ;
une unité de contrdle (11) configurée pour gé-
nérer un signal de contrdle si elle détermine que
le changement de volume de la vessie du sujet
excéde une quantité prédéterminée sur la base
du signal du détecteur ;

caractérisé en ce qu’il comprend en outre :

une sonde a ultrasons (12) a fixer au sujet
et configurée pour émettre, en réponse au
signal de contrdle, un signal ultrasonique
vers la vessie du sujet et recevoir des si-
gnaux d’écho de la vessie du sujet ;

une unité de dérivation (13) configurée pour
dériver le volume de la vessie du sujet a
partir des signaux d’écho regus.

Dispositif selon larevendication 1, dans lequel 'unité
de contrdle (11) est configurée en outre pour déter-
miner si le volume dérivé de la vessie du sujet atteint
un seuil prédéfini,

le dispositif (1, 1A) comprend en outre une alarme
(14) configurée pour fournir une alarme si l'unité de
contréle (11) détermine que le volume dérivé de la
vessie du sujet atteint le seuil prédéfini.

Dispositif selon larevendication 1, dans lequel le dis-
positif (1, 1A) comprend en outre une unité de filtra-
tion passe-bas (15) configurée pour appliquer une
filtration passe-bas au signal de détecteur, ou l'unité
de contrdle (11) détermine si le changement de vo-
lume de la vessie du sujet excéde la quantité prédé-
terminée sur la base du signal de détecteur filtré pas-
se-bas du sujet.

Dispositif selon la revendication 1, comprenant en
outre un ou plusieurs détecteurs additionnels a fixer
a une ou plusieurs régions additionnelles sur la sur-
face externe de 'abdomen du sujet en dehors de la
région correspondant a la vessie du sujet et adaptés
pour obtenir un ou plusieurs signaux de détecteur
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additionnels, ou I'unité de contrdle (11) détermine si
le changement de volume de la vessie du sujet ex-
céde la quantité prédéterminée sur la base du signal
du détecteur et du un ou plusieurs signaux de dé-
tecteur additionnels.

Dispositif selon’'une quelconque des revendications
1 a 4, comprenant en outre :

une unité de détection de mouvement (16) con-
figurée pour obtenir des données de mouve-
ment du sujet ;

ou l'unité de contrdle (11) est configurée en
outre pour déterminer si le niveau de variation
des données de mouvement du sujet est infé-
rieur a une valeur prédéterminée, et génere le
signal de contrdle si elle détermine que le niveau
de variation des données de mouvement du su-
jet est inférieur a une valeur prédéterminée.

Dispositif selon la revendication 2, comprenant en
outre :

une unité de réception (17) pour recevoir une
valeur de paramétre indiquant le seuil prédéfini,
ou l'unité de contrdle (11) géneére le seuil pré-
défini sur la base de la valeur du parametre.

Dispositif selon la revendication 1, la sonde a ultra-
sons (12) comprenant un transducteur pour ultra-
sons comprenant deux ensembles d’éléments de
transducteur pour ultrasons configurés en forme de
croix ou en forme de T, chaque ensemble compre-
nant un ou plusieurs éléments de transducteur pour
ultrasons.

Dispositif selon la revendication 1, la sonde a ultra-
sons (12) comprenant deux transducteurs séparés
pour ultrasons qui sont configurés en forme de croix
ou en forme de T, chacun comprenant un ou plu-
sieurs éléments de transducteur pour ultrasons.

Dispositif selon la revendication 1, le signal de dé-
tecteur étant un signal de pression indiquant la pres-
sion interne provenant de la vessie du sujet et le
détecteur (10) étant un détecteur piézoélectrique.

Dispositif selon la revendication 1, le signal de dé-
tecteur étant un signal de périmétre indiquant le pé-
rimetre de 'abdomen du sujet et le détecteur (10)
étant un détecteur de déplacement linéaire.

Procédé de suivi du volume de la vessie d’un sujet,
comprenant I'étape de

a) obtention d’un signal de détecteur indiquant
le volume de la vessie du sujet a I'aide d’'un dé-
tecteur lorsque le détecteur est fixé a une région
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sur la surface externe de 'abdomen du sujet, la
région correspondant a la vessie du sujet (Sy) ;
b) production d’un signal de contrdle (S53) s'il est
déterminé que le changement de volume de la
vessie du sujet excéde une quantité prédéter-
minée sur la base du signal du détecteur (S,) ;
c) en réponse au signal de contrdle, I'émission
d’'un signal ultrasonique vers la vessie du sujet
et la réception des signaux d’écho de la vessie
du sujet & 'aide d’une sonde a ultrasons (S,) ;
d) dérivation du volume de la vessie du sujet a
partir des signaux d’écho regus (Sg) ;

e) détermination du fait que le volume dérivé de
la vessie du sujet atteint un seuil prédéfini (Sg) ;
f) répétition des étapes a) a e) s'il est déterminé
que le volume dérivé de la vessie du sujet n’at-
teint pas le seuil prédéfini dans I'étape e) (Sg).

Procédé selon la revendication 11, comprenant en
outre une étape de fourniture d’'une alarme s'il est
déterminé que le volume dérivé de la vessie du sujet
atteint le seuil prédéfini dans I'étape e) (S7).

Procédé selon la revendication 12, comprenant en
outre une étape d’application d’'un filtre passe-bas
au signal du détecteur (S’), etI'étape b) comprenant
en outre la détermination que le changement de vo-
lume de la vessie du sujet excéde la quantité prédé-
terminée sur la base du signal de détecteur filtré pas-
se-bas du sujet (S,).

Procédé selon I'une quelconque des revendications
11 a 13, comprenant en outre les étapes de :

obtention de données de mouvement du sujet
(Sa) ; et

détermination du fait que le niveau de variation
des données de mouvement du sujet est infé-
rieur & une valeur prédéterminée (S,),

I'étape b) comprenant en outre la production du
signal de contrble (S;) s'il est déterminé que le
niveau de variation des données de mouvement
dusujetestinférieur a une valeur prédéterminée

(Sp)-

Logiciel comprenant des instructions de programme
informatique, qui, lorsqu’il se trouve sur un dispositif
selon l'une quelconque des revendications 1 a 10,
permet au dispositif d’exécuter le procédé selon
'une quelconque des revendications 11 a 14.
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