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DESCRIPTION

FIELD OF THE INVENTION

[0001] The present invention relates to field of medical devices, more specifically such as
telehealth care systems and pregnancy and birth monitoring equipment. Especially, the
Invention provides a method and system for monitoring a fetus in the uterus of a pregnant
women by monitoring the state of the blood flow between the fetus and the placenta by means
of detecting blood flow In the umbilical arteries and/or by monitoring the state of the perfusion
of the uterus by detecting blood flow In the uterine arteries.

BACKGROUND OF THE INVENTION

[0002] Caretaking of pregnant women In the group at risk for premature birth continues to be a
huge clinical challenge being one of the main reasons for neonatal morbidity and mortality.

[0003] In the clinic, the growth of the fetus Is normally estimated based on a simple distance
measure of the pregnant woman's abdomen. This only provides a rough measure of the
growth of the fetus, and Iin case any abnormal development is detected, the fetus has most
likely suffered from an abnormal development during several weeks before it is detected.

[0004] Once the pregnant woman is categorized as belonging to the high risk group for
Impaired growth other methods exist for monitoring the development of the fetus. A sufficient
blood flow to the uterus and between the fetus and the placenta is vital for the fetus to develop.
Thus, detection of any abnormal blood flow in the uterine arteries and the umbilical arteries is
important with respect to monitoring the state of the fetus. This Is possible by means of
Doppler measurements, using ultrasound scanning equipment, to examine arterial blood flow.
Hereby, e.g. the Pulsatility Index (Pl) can be determined, and thus compared to a tabulated
threshold value In order to assist the medical staff at the clinic in determining If the blood
supply to the fetus is normal or If any action is required. Ultrasound scanning for determination
of uterine and umbilical arterial blood flow Is used In cases such as: Intra Uterine Growth
Restriction (IUGR), twin pregnancy, maternal hypertension, maternal pre-eclampsia, maternal
diabetes, and women pregnant after In Vitro Fertilization (IVF).

[0005] Many women, being categorized as belonging to the high risk group, become anxious
and many of those women either contact the clinic or hospital at regular intervals to ask for
examination, and many women are finally hospitalized, e.g. during weeks, In spite the fact that
their fetus has a normal development. Thus, there Is a need for a solution to allow this group of
woman to be monitored more closely during at least a part of their pregnancy without the need
for hospitalization.
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[0006] For pregnant women diagnosed with such as pre-eclampsia or hypertensive disorders
the feto-placental circulation is affected as the maternal state of pre-eclampsia or hypertension
worsens, therefore there Is a need for a system to monitor the maternal health risk during
pregnancy.

[0007] US 6,171,263 discloses a device and method for monitoring a foetus over a period of
time. The device Includes an electrocardiograph, and a second signal receiving and processing
means for signals generated by pressure or acceleration detector that i1s attached to the
abdomen of the pregnant mammalian animal. The pressure detector produces signals
representative of the sounds of foetal heartbeat.

[0008] US 5,749,831 discloses methods and systems for monitoring to assess the health of a
fetus being carried within a mother. The methods include detecting umbilical flow information
relating to the flow of blood within the umbilical. One preferred type of umbilical flow sensor Is
an ultrasonic flowmeter. Ultrasonic flowmeters are advantageous because an ultrasonic signal
In the form of an ultrasonic wavefront or waveforms can be beamed through the mother's
abdomen without requiring direct impingement of the ultrasonic beam at the fetus.

[0009] US 2007/0260155 discloses a fetal heart monitor device.

[0010] WO 2011/137930 discloses a portable device for detecting fetal heart rate using a
detector to capture the fetal heart signal. US 4,781,200 discloses fetal cardiac sensors for
detecting the fetal heart rate.

[0011] US 2005/0277841 discloses a low cost, fully integrated, disposable patch for the non-
Invasive, continuous monitoring of fetal electrocardiogram.

[0012] US 2009/0143650 discloses a system for fetal position-independent, non-invasive fetal
monitoring including a plurality of disposable adhesive patches for placement on an expectant
mother's upper and lower abdomen. Each of the patches includes one or more miniature
electronic devices embedded within the adhesive patches to detect: (i) heart sounds of a fetus
within the mother, (i) heart sounds of the mother, and (i) signals indicative of uterine
contractions of the mother.

SUMMARY OF THE INVENTION

[0013] Following the above description, it may be seen as an object of the present invention to
provide a system for monitoring a fetus in a pregnant woman and the maternal health risk for
pregnancies complicated by such as pre-eclampsia and hypertensive disorders which iIs
suitable for low-cost implementation and more continuously monitoring without the need for
skilled personnel to perform an examination.

[0014] In a first aspect, the Invention provides a system for monitoring a pregnant woman or a
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fetus In a pregnant woman, and/or the maternal health risk for pregnancies complicated by
such as pre-eclampsia and hypertensive disorders. The system comprises

e a portable unit arranged to be carried by the pregnant woman, the portable unit
comprising at least one sound sensor arranged for being positioned on the skin of the
abdominal area and arranged to detect a vascular sound from a uterine artery or from
an umbilical artery of a fetus present in the pregnant woman's uterus and to generate a
first signal accordingly, and

e a processing unit functionally connected to receive the first signal, wherein the
processing unit Is arranged to execute a first processing algorithm on the first signal so
as to extract at least a first signal parameter accordingly, and wherein the processing
unit Is arranged to communicate the at least first signal parameter.

[0015] Such system Is suitable for monitoring the maternal vasculatory state in relation to the
pregnancy, and thus the system can serve to monitor the health state of the pregnant woman
as well as the fetus. The system Is advantageous since the portable or wearable unit, e.g. In
the form of an adhesive patch, can be worn by the pregnant woman during several hours, days
or even weeks, where the vascular sounds from the uterine arteries or the umbilical arteries
can be continuously monitored or at least monitored at regular intervals. The processing unit
can be integrated in the wearable unit, e.g. within an adhesive patch, or the processing unit
can be constituted by a separate device worn In a belt or the like. Certain embodiments can
serve as a monitor system to be worn in daily life, and during the birth phase, the system can
eliminate or at least partly replace existing monitoring systems.

[0016] The system can also be used to provide an early diagnosis of pregnancy toxaemia.

[0017] The invention Is based on the Insight, that it Is possible to detect vascular sound from
the uterine arteries and the umbilical arteries by using a sound sensor In the form of a
microphone or an accelerometer to capture sound in the such as in the frequency range 50-
5000 Hz on the skin of the abdominal area of the pregnant woman. Compared to the much
more complicated Doppler ultrasound equipment, it is possible to provide a system with at least
the sound sensor in a portable or wearable unit so as to allow continuous monitoring of at least
one parameter related to the blood flow In the uterine arteries or the umbilical arteries. In
practice, Doppler ultrasound measurement of blood flow cannot be performed without skilled
persons being present and thus cannot be performed without the pregnant woman being
present at a clinic or at a hospital. Even if not performed often, it may be argued that the
ultrasound signals constitute a health risk for the fetus, whereas sound recording on the
surface of the skin can be performed very often, e.g. continuously, without any health risk.

[0018] With the system, the pregnant woman can be monitored while living a normal life at
home and still having the feeling that she I1s taken care of, since the system can immediately
give an alarm in case any abnormality in the blood flow Is detected. The processing unit itself
may be capable of triggering an alarm based on the at least first signal parameter, e.g. a
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calculated Pulsatility Index (PIl), which is compared to a tabulated threshold value and which is
considered to be outside a normal range. For example, the processing unit may itself have an
acoustic or visual or vibrator alarm, or the processing unit may send a message to the
pregnant woman's mobile phone.

[0019] In some tele-healthcare embodiments, the processing unit communicates the at least
first parameter, e.g. Pl, via e.g. a home Personal Computer via the internet to a server at the
hospital. Hereby, the medical staff at the hospital can monitor vital data for the patient
continuously or at regular intervals, and e.g. the history of vital parameters may be tracked and
stored for later use. Hereby, It I1s possible to quickly detect any abnormality at an early state,
which significantly improves the chance of successful treatment without either the fetus or the
pregnant woman suffering.

[0020] Still further, the system Is advantageous also for the pregnant woman to wear during
the birth phase, where the uterine arterial blood flow and the umbilical arterial blood flow
provide additional knowledge regarding the health status of the fetus. Especially, In
embodiments including also EMG as well as fetal ECG sensors integrated in an adhesive patch
to be placed on the abdominal area of the pregnant woman. Thus, the most vital parameters In
the birth phase can be monitored in an easy way without the need for any additional sensor
equipment, and especially invasive electrodes on the fetus may be avoided. Further, the
system Is advantageous for the pregnant woman to wear during surgery, especially during
caesarean section. Thus. there I1s no need for additional technology to monitor the fetal
condition during such surgery.

[0021] In one embodiment, the wearable unit further comprises at least one sensor arranged
to detect an electromyographic (EMG) activity of the pregnant woman's uterus and to generate
a second signal accordingly, and wherein the processing unit I1s functionally connected to
receive the second signal. Such EMG sensor is advantageous for monitoring any abnormal pre
term myometrial activity in the uterus during the pregnancy at an early stage, so as to be able
to Iintervene and possibly avoid pre term birth. However, the EMG sensor Is also advantageous
In the birth phase, where the myometrial activity in the uterus is important for determining the
Intrapartal status.

[0022] In one embodiment, the wearable unit further comprises at least one sensor (S3)
arranged to detect an electrocardiographic (ECG) signal from the fetus In the pregnant
woman's uterus and to generate a third signal accordingly, and wherein the processing unit is
functionally connected to receive the third signal. Hereby it Is possible to monitor for
abnormalities in the ECG of the fetus which can be used to monitor the health state of the fetus
In the pre-birth phase and during the birth phase, e.g. by monitoring pulse rate in order to
detect any tachycardia or bradycardia. Further, knowledge of the fetal ECG also allows
monitoring of other parameters of the fetal ECG, such as monitoring of the ST segment In
order to detect possible ST elevation.

[0023] In a preferred embodiment, the wearable unit comprises both the sound sensor, an
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EMG sensor and an ECG sensor, as just described. Especially, all of the mentioned three
sensors may be placed within an adhesive patch. Preferably, the processing unit is arranged to
process all of the first signal, the second signal and the third signal and to generate a
combined signal parameter in response to all of the first, second and third signals. Hereby, a
combined measure or status of the health condition of the fetus is possible, and it is possible to
generate an alarm in case abnormalities are detected.

[0024] In general, the portable or wearable unit may comprise an adhesive patch within which
the at least one sound sensor Is arranged so as to allow the sound sensor to be In contact with
the skin of the abdominal area of the pregnant woman. Especially, the adhesive patch may
have a semi-circular shape and be suited for being positioned on the skin of the abdominal
area of the pregnant woman, medially from the umbilicus. However, the portable or wearable
unit in which the sound sensor i1s placed may alternatively be in the form of a small device
arranged for positioning on the abdominal area of the pregnant woman by means of a strap, a
belt or a plaster etc.

[0025] In some embodiments, the system comprises two or more adhesive patches arranged
for position on respective areas of the abdomen of the pregnant woman, wherein each
adhesive patch has at least one sound sensor arranged therein which is functionally connected
to the processing unit. Such embodiments are advantageous, since sensor patches can be
positioned at several positions, e€.g. on both sides of the abdominal area, so as to be able to
capture uterine or umbilical artery sound independent of the actual position of the fetus.

[0026] The portable or wearable unit may comprise a plurality, e.g. two, three or even more
sound sensors arranged at different positions, e.g. within an adhesive patch or several
adhesive patches, so as to provide a better chance of catching the vascular sound from the
uterine arteries and the umbilical arteries independently of the position of the fetus. Hereby, the
processing unit may be arranged to compare the quality of the sound signals from the plurality
of sensors to process the signal from the sound sensor providing the highest quality of
vascular sound.

[0027] Furthermore, each sound sensor may be accompanied by an additional microphone, a
"room microphone”, where the sound sensor Is recording the sound from within the abdominal
wall and the additional microphone Is located so as to record sound from the environment.
Preferably, the processing unit is then arranged to perform adaptive filtering of the signal from
the sound sensor and thereby eliminate noise from the surroundings in the signal which is
further processed. Especially, such noise cancellation processing may be based on a noise
cancellation algorithm comprising Wiener-filtering. With a "room microphone” and suitable
noise cancellation processing, it iIs possible to obtain a more precise result of the processing,
and it I1s possible to detect the rather weak sound or accelerometer signals and thus perform
the monitoring even in environments with a significant noise level, such as in the traffic or the
like.

[0028] The processing unit may form part of the portable or wearable unit. E.g. the processing
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unit may be arranged within an adhesive patch, especially within the same patch in which the
sound sensor Is also placed. The sound sensor, the necessary analog electronic circuits,
analog-to-digital converter, a processor running the first processing algorithm, and a battery
arrangement to drive all of these elements, may be arranged within the adhesive patch. The
processing unit within the patch may then be able to communicate the first signal parameter
and possibly more data to an external device, e.g. a mobile phone etc. via a wire or wirelessly
using e.g. Bluetooth technology or the like.

[0029] Alternatively, the processing unit may be implemented as one of. a portable device,
such as a mobile phone, a Personal Computer, and a server system. In such systems, the first
signal from the sound sensor Is preferably analog-to-digitally converted and transmitted by wire
or wirelessly In data packets to the external device which then executes the first processing
algorithm on the data packets and generates the first signal parameter. Especially, the portable
device may be a small battery driven device arranged for being worn by the pregnant woman
InN a belt or a strap or in a pocket. However, the external device may also be a smart phone
with the first processing algorithm implemented as an application to be run on the smart
phone.

[0030] In some embodiments a smart phone, or a similar device, with a suitable application, Is
arranged to receive data from the portable unit by means of a short-range wireless
communication e.g. Bluetooth, or the like. Thus, In such embodiments, the portable unit, e.g. In
the form of an adhesive patch, only needs to include the necessary electronic means arranged
for receiving signals from the sensors, e.g. microphone and possibly other sensors, and to
communicate those signals to the smart phone via the short-range wireless communication
ink. The smart phone application serves to perform the entire first processing algorithm, thus
utilizing the processing power in the smart phone, thereby allowing the processing capabilities
In the portable or wearable unit to be limited, thereby allowing a low cost and low power
processor to be used. However, it Is to be understood that several possibilities for the structure
of the data to be communicated between the portable or wearable unit and the smart phone.
To reduce the amount of data to be communicated to the smart phone, part of or even all of
the first processing algorithm may be performed by processing circuit included in the portable
or wearable unit. The smart phone can be used for the communication of the signal parameter
to the pregnant woman by means of audio and/or video signals. However, the portable or
wearable unit may also include audible and/or video means arranged to provide the woman
and/or a health care practitioner with the result of the monitoring, e.g. in the form of an audible
or visible warning, iIf an abnormal situation iIs detected.

[0031] In some embodiments, the portable unit collects data from the sound sensor for a
period of time, e.g. several hours or one or more days. These data are then transferred to
another device In which the processing unit iIs iImplemented, e.g. a Personal Computer or the
like, e.g. by data transfer from the portable unit via a USB interface or the like.

[0032] The sound sensor may be a sound sensor as known within the art of electronic
stethoscopes for sensing heart and lung sounds, e.g. as an example of a specific product: 3M
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Littman® Electronic Stethoscope Model 4000. Other type of microphones could be used,
however It I1s preferred that the sound sensor used has a low noise floor, preferably a noise
floor which is below 40 dB Sound Pressure Level (SPL, 1.e. sound pressure level re. 20 uPa),
more preferably below 30 dB SPL, more preferably below 25 dB SPL. The sound sensor is
preferably suited to cover at least the frequency range 100-1000 Hz, more preferably 50-5000
Hz. It i1s preferred that the microphone Is shaped and suited for and fixed to the woman, so as
to be In close contact with the abdominal skin. As mentioned, the sound sensor can be In the
form of an accelerometer as an alternative or in addition to a microphone.

[0033] In preferred embodiments, the first processing algorithm is arranged to band-pass filter
the first signal and generate a band-pass filtered first signal accordingly. The band-pass filter
may have a bandwidth within 50-5000 Hz. The lower cut-off frequency of the band-pass filter
may be within the range 30-200, preferably within 50-150 Hz, or within 50-100 Hz. The upper
cut-off frequency may be within the range 800-20000 Hz, preferably within 1000-10000 Hz,
such as within 1500-5000 Hz. In special embodiments, the band-pass filter may have a
bandwidth of such as 50-4000 Hz, or 50-3000 Hz, or 80-2000 Hz, or 100-1000 Hz, or 200-800
Hz. It Is to be understood that the entire band-pass filtering effect or at least a part of it may be
provided by the acoustical and/or mechanical design of the sound sensor. Thus, it may be
preferred to use a specially designed sound sensor with a frequency characteristics serving to
suppress sound outside the most important frequency range, which may eliminate or at least
supplement the need for a band-pass filter as part of the processing.

[0034] Subsequently, the first processing algorithm is preferably arranged to detect a signal
envelope, such as by rectifying the band-pass filtered first signal and to generate a rectified
first signal accordingly. Subsequently, the first processing algorithm i1s preferably further
arranged to low-pass filter the rectified first signal and to generate a low-pass filtered first
signal accordingly. The low-pass filter may have a cut-off frequency within the interval 1-20 Hz,
such as within the interval 2-15 Hz, such as within the interval 3-10 Hz, such as within the
Interval 4-8 Hz. Subsequently, the first processing algorithm is preferably arranged to extract a
first signal parameter comprising at least one of. a Pulsatility Index, a rise time of the sound
from the arteries, and a decay time of sound from the arteries, venous flow, and closure timing
of the aortic valve, thereby the end of systole and the start of the diastole. An intermediate step
of providing a signal envelope may be performed before the step of extracting the first signal
parameter.

[0035] It i1s to be understood that alternative signal processing algorithms may be performed
on the signals from the sound sensor to derive signal parameters related to the uterine arterial
blood flow or the umbilical arterial blood flow.

[0036] In some embodiments, the processing unit is arranged to perform an algorithm serving
to process recorded sound from the sound sensor with the purpose of determining If the
recorded sound Is sound from an umbilical artery or sound from a uterine artery. This can be
determined from the position of the sound sensor and/or from the heart rate and other
characteristics of the sound from the blood flow. It may be preferred to adjust one or more
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parameters of the further signal processing depending on whether the recorded sound
emanates from an umbilical artery or from a uterine artery:.

[0037] The system may be arranged to compare the first signal parameter to a threshold and
trigger an alarm event in case the first signal parameter exceeds the threshold, such as an
alarm event comprising at least one of. a visual alarm signal, an acoustic alarm signal, and a
tactile alarm signal. The system may be arranged to alarm the pregnant woman, and/or
medical staff, and thus the alarm may be communicated to several locations, e.g. wirelessly
such as via the internet and/or a mobile phone net of the like.

[0038] The at least one sound sensor may comprise at least a microphone and/or an
accelerometer. Preferably, the at least one sound sensor has a noise floor equivalent to a
Sound Pressure Level of less than 40 dB re. 20 yPa, such as a Sound Pressure Level of less
than 30 dB re. 20 yPa. This is found suitable to obtain a reliable detection of the weak artery
sounds.

[0039] The system may comprise a plurality of sound sensors functionally connected to the
processing unit, wherein the plurality of sound sensors are arranged for respective positions on
the abdomen. This allows the system to function at different positions of the fetus in the uterus.
Especially, the processing unit may be arranged to process signals received from the plurality
of sound sensors and to calculate a parameter, e.g. a measure of signal-to-noise ratio, for
each sound sensor, and to select which of the plurality of sound sensors to use for monitoring,
based on said calculated parameter. Thus, the sound sensor delivering the best signal can be
selected for the actual monitoring. Especially, the processing unit may be arranged to re-
calculate the parameter for each sound sensor, so as to allow an updated selection of which of
the plurality of sound sensors to use for monitoring. Hereby, the system will automatically adapt
to e.g. different positions of the fetus, a damaged microphone or the like.

[0040] In one embodiment, the system comprises at least one microphone arranged to detect
environmental sound near the sound sensor, wherein the at least one microphone Is
functionally connected to the processing unit, and wherein the processing unit i1s arranged to
cancel influence from environmental noise Iin the signal from the sound sensor based on an
Input received from the at least one microphone. This allows the monitoring system to work In
noisy environments. The processing unit may be arranged to cancel Influence from
environmental noise In the signal from the sound sensor by means of a noise cancellation
algorithm comprising Wiener-filtering. Additional or alternative noise calculation algorithm such
as known In the art may be selected. In case more sound sensors are used, it may be
preferred that each sound sensor has it respective microphone to capture environmental noise
placed In close proximity to each sound sensor, in order to provide the best possible input to
the noise cancellation algorithm.

[0041] The first processing algorithm may be arranged to at least high-pass filter the first
signal and generate a high-pass filtered first signal accordingly, wherein the high-pass filter has
a cut-off frequency within the range 50-200 Hz, such as within 50-150 Hz, such as 100-200 Hz.
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Such Initial high-pass filtering of the signal received from the sound sensor serves to provide a
clean signal for further processing. It is to be understood that the exact cut-off frequency of the
high-pass filter may be selected within the given interval without significant different result, the
same applied to the slope of the high-pass filter which may be selected in dependence of the
used sound sensor and other factors. It may in addition be preferred to low-pass filter the first
signal, and thus provide a band-pass filter, as already mentioned.

[0042] In a second aspect, the Invention provides a method for monitoring a fetus In a
pregnant woman and/or for monitoring the maternal risk state Iin pregnancies complicated by
such as pre-eclampsia or hypertensive disorders. The method comprises

e detecting a vascular sound from a uterine artery or from an umbilical artery of a fetus
present In the pregnant woman's uterus by means of at least one sound sensor
arranged on the skin of the abdominal area, the at least one sound sensor being
arranged In a portable or wearable unit arranged for being carried by the pregnant
woman,

e generating a first signal according to the detected vascular sound,

o executing a first processing algorithm on the first signal so as to extract at least a first
signal parameter accordingly, and

e communicating the at least first signal parameter.

[0043] The first and second aspects may each be combined with any of the other aspects.

These and other aspects of the invention will be apparent from and elucidated with reference
to the embodiments described hereinafter.

BRIEF DESCRIPTION OF THE FIGURES

[0044] Embodiments of the Invention will be described in more detail in the following with
regard to the accompanying figures. The figures show one way of implementing the present
Invention and is not to be construed as being limiting to other possible embodiments falling
within the scope of the attached claim set.

Fig. 1 shows a block diagram of an embodiment,
Fig. 2 shows a block diagram of another embodiment,

Fig. 3 shows an example of a patch with a built-in sound sensor to be placed on the abdomen
of the pregnant woman,

Fig. 4 shows an example of another patch with built-in sound sensors as well as EMG and
ECG sensors,

Fig. 5 shows a block diagram of a telehealth care embodiment,
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Fig. 6 shows preferred steps of the processing of the sound signal to derive a meaningful
signal parameter indicative of the arterial blood flow, and

Figs. 7a-7d lllustrate different steps of the preferred processing steps of Fig. 6 by graphs
showing time data at different stages of the processing.

DETAILED DESCRIPTION OF AN EMBODIMENT

[0045] Fig. 1 shows a simple block diagram of an embodiment. A vascular sound signal VS
from an umbilical artery or a uterine artery is detected by a sound sensor S1 placed on the skin
of the abdominal area of the pregnant woman. The sound sensor S1 preferably comprises a
microphone arranged to sense low amplitude signals ranging from 50-5000 Hz, or at least up
to 1000 Hz, preferably up to 2000 Hz.A requirement for the sound sensor iIs low inherent
(thermal) noise and a high sensitivity in order to record the weak vascular sounds. A noise floor

below 30 dB SPL Is preferred.

[0046] The sound sensor S1 i1s placed within a portable unit here shown as a wearable unit
WU to be worn by the pregnant woman, and which i1s preferably arranged with some kind of
attachment or fixing means so as to be able to maintain the sound sensor S1 In the correct
position during the pregnant woman performing normal daily activities or also during birth. The
wearable unit WU may include various types of fixing means serving this purpose such as
straps, belts, plaster etc. Especially, the wearable unit WU may comprise an adhesive patch
with the sound sensor S1 arranged within the patch so as to provide a watertight cavity for the
sound sensor S1 and necessary battery and electronic circuits connected to the sound sensor
S1 In order to provide an electric output signal in accordance with the sensed sound. The
system might also comprise several patches as described above, where each patch contains a
sound sensor for recording of the sound signal from its position on the abdominal wall. The
patches may be wired together to the wearable unit. This or these electric output signal(s)
Is/are applied, wired or wirelessly, to a processing unit P which executes a first processing
algorithm PA1.

[0047] The processing algorithm PA1 preferably operates on a time frame of the sound signal
from the sound sensor S1, e.g. frames of 1-60 seconds, such as 5-10 seconds, and calculates
a first signal parameter SP1 indicative of the umbilical and/or uterine arterial blood flow, such
as calculating a measure of the Pulsatility Index (Pl), possibly more signal parameters may be
calculated. Further, the processing unit P can be arranged to evaluate the first signal
parameter SP1 with a tabulated threshold value, and communicate an alarm signal AL in case
the normal threshold value is exceeded. The processing unit may also be able to communicate
the first signal parameter SP1 to external units. Especially, the first signal parameter SP1 may
be communicated to an external server or the like. E.g. the first signal parameter SP1 may be
presented In a graph at a display for medical staff at the hospital where the first signal
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parameter is presented versus time for e.g. one hour, one day or several days, so as to allow
the medical staff to monitor the health state of the fetus and diagnose the pregnant woman.

[0048] Fig. 2 shows another embodiment where the element described In relation to Fig. 1 are
also present, but in this embodiment, the wearable unit WU also comprises a sensor S2
arranged to sense an electromyographic EMG signal from the uterus, and a sensor S3
arranged to sense an electrocardiographic signal from the fetus inside the uterus. Both of
these sensors S2, S3 are also placed on the skin of the abdomen of the pregnant woman.
Time signals from all of the three different sensors S1, $2, S3 are applied to the processing
unit P which executes a processing algorithm PA handling data from all three sensors S1, S2,
S3 and generates a set of signal parameters SP, preferably at least one for each sensor $1,
S2, S3, In response to the time signals from the sensors S1, 52, S3. In practice different
algorithms are run for each of the sensors S1, S2, S3, and thus different signal parameters SP
are derived accordingly. The processing unit P may be arranged to take into account all signal
parameters P and perform a combined evaluation and possibly generate an alarm signal AL In
case an abnormal status is detected.

[0049] Fig. 3 shows a sketch of a pregnant woman and a wearable unit WU implemented as
an adhesive path which i1s semi-circular or C-shaped in order to fit a lower abdominal area, e.g.
the patch may be positioned about 10-15 cm below the umbilicus with direction towards the
pelvic bone for optimal sound capturing. A sound sensor S1 Is indicated within the patch. It is to
be understood that preferably also a battery and the necessary electronic circuit related to the
sound sensor S1 are placed within the patch. However, In simple versions, the sound sensor
S1 may be connected to the external circuits via a wire, such as a wire connected to other
parts of the wearable unit WU, e.g. a small portable device suited for being placed in a belt, a
strap, or in a pocket. The patch may be delivered together with a guidance, such as including a
template that allows the pregnant woman to position and mount the adhesive patch herself.

[0050] Fig. 4 shows another version of the patch of Fig. 3. Here, two sound sensors S1, two
EMG sensors S2, and two fetus ECG sensors S3 are placed within the patch of the portable or
wearable unit WU. The two sensors of each type are placed at different positions so as to
Increase the chance of successfully retrieve the desired signals, compared to only one sensor.
Further, the processing unit P connected to the sensors S1, S2, S3, Including a battery, Is also
placed within the patch of the wearable unit WU. The processing unit P I1s arranged to
wirelessly communicate a data signal D to a portable device PD, e.g. a mobile phone, a smart
phone device, or the like, by means of a short-range wireless communication link such as

Bluetooth. The data signal D may include one or more signal parameters extracted based on
the signals from the sensors S1, S2, S3.

[0051] The portable device PD, e.g. a smart phone, can then be used to process the data
signal D and to communicate the result - e.g. using text and graphics on the display of the
smart phone, such as "All OK" or "Please contact the clinic for a check”. In case serious
problems are detected, an acoustic or visual alarm may be communicated to the pregnant
woman, utilizing the audio and video capabilities of the smart phone. Further, the smart phone
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may run an application which automatically communicates parts of or all of the performed
results to the hospital, so as to allow a medical doctor to further analyse the results.

[0052] In one specific embodiment, the sound sensor in the form of one or more microphones
or accelerometer are positioned within an adhesive patch, with the processing unit arranged
also within this patch. This processing unit may perform all processing required, or it may
merely serve the purpose of receiving the microphone signals and transmitting it further in a
wireless signal, e.g. to a mobile phone or the like which has the processing power and is
programmed to perform further processing. In case the processing unit within the patch
Includes further processing tasks, the processing unit may In wireless form transmit only In
case an abnormal situation is detected, e.g. to a mobile phone or the like. Thus, the mobile
phone may In such case be programmed to display: "Please contact hospital or doctor”.
Alternatively, the processing unit within the patch may transmit further detailed data, e.g. a
calculated PIl, e.g. at regular intervals. Such embodiment can be used for home monitoring,
when the pregnant woman is hospitalized, or during the birth phase. In addition to the uterine
artery or umbilical artery sound input, the patch may include also an EMG sensor to monitor for
(too early) birth pangs, and an ECG sensor to monitor the pulse rate of the fetus. Hereby, the
system will be suited both for home monitoring and also as monitoring unit to be used In birth
phase.

[0053] Fig. 5 shows a block diagram of a tele healthcare system embodiment, where a system
Including a wearable unit WU with a sound sensor and a processing unit P communicate a first
signal parameter SP1, e.g. a Pl value, wirelessly to a Personal Computer PC In the pregnant
woman's home, and the Personal Computer PC is then connected and supplied with software
arranged to transmit data to a hospital server HS via the internet, such as at regular intervals,
e.g. once a day etc. Hereby, the pregnant woman can live a normal life, but still be monitored
at a regular basis by a medical staff which can receive relevant information regarding the
monitored umbilical and/or uterine arterial blood flow. Further, the hospital server HS may run
software monitoring the incoming data according to a predetermined evaluation algorithm and
generates alarm signal in response, If abnormalities are detected.

[0054] Fig. 6 shows a block diagram of a preferred signal processing to be applied to sound
signal SS captured by the sound sensor In order to derive one or more signal parameters
Indicative of the umbilical and/or uterine arterial blood flow. In a first step, the sound signal SS
IS preferably band-pass filtered in a band-pass filter BPF with a band-pass frequency range of
50-5000 Hz or a more narrow filter, e.g. down to such as 100-1500 Hz or even 200-800 Hz,
e.g. Implemented as a Chebychev type-2, with a pass-band ripple of 1 dB, and with a stop-
band attenuation of more than 40 dB. Next, the signal is rectified RTF, and next an envelope
ENV of the rectified and filtered signal is extracted. Especially, the envelope may be obtained
by low-pass filtering the rectified signal, e.g. using a Chebychev type-2 filter, with a cut-off
frequency of 1-10 Hz, such as 4-8 Hz, e.g. 6 Hz, with a pass-band ripple of such as 2 dB, and
a stop band attenuation of more than 40 dB. From the resulting envelope, several parameters
can be extracted. E.g. the Pulsatility Index Pl is one (calculated as peak / bottom ratios), a rise-
time and a decay-time of the pulses are other signal parameters of interest. There seems to be



DK/EP 2785251 T3

"dicrotic notches"” on the falling edges of the envelope, which may also be used In further
Investigations.

[0055] It Is to be understood that several additional or alternative signal processing algorithms
may be performed, and there are several parameters to vary: frequencies of the band-pass
filter, frequency of the low-pass filter, and also the frequency distribution and changes therein
during the pulses, can be of interest.

[0056] Figs. 7a-7d show examples of an 8 second sound signal at various steps of a preferred
signal processing algorithm just described. Fig. 7a shows the raw sound signal picked up at the
abdominal skin of a pregnant woman, and the signal is presented as amplitude versus time.
The pulse rate, slightly above 60 beats per minute, is clearly seen. Altogether, the sound of the
umbilical or uterine arteries reflects the state of the maternal blood supply to the placenta, the
blood flow between the placenta and the fetus, as well as events in the fetal cardiac cycle, I.e.
the deceleration of blood, turbulence of the blood flow and the closing of the fetal heart valves.
Fig. 7b shows the signal after band-pass filtering with a 200-800 Hz band-pass filter. Fig. 7c
shows the band-pass filtered signal after rectification, and finally Fig. 7d shows the signal
envelope resulting from a 6 Hz low pass filtering. The envelope can be used, among others, to
derive the PI.

[0057] To sum up, the Invention provides a system for monitoring a fetus in a pregnant
woman, and/or the maternal health risk for pregnancies complicated by such as pre-eclampsia,
and hypertensive disorders. The system comprises a portable or wearable unit that can be
worn by the pregnant woman, preferably so as to allow monitoring during daily life (home
monitoring), €.g. in the form of an adhesive patch. The portable unit has a sound sensor, e.g. a
microphone or accelerometer, to be positioned on the skin of the abdominal area of the
pregnant woman so as to detect a vascular sound from the uterine arteries and/or umbilical
arteries of the fetus. The sound sensor is functionally connected to a processing unit which
executes a processing algorithm on the captured vascular sound and extracts a signal
parameter accordingly, e.g. the Pulsatility Index. The processing unit then communicates the
signal parameter, e.g. using an audio signal, a visual display or by means of a wired or a
wireless data signal. Some embodiments include one or more additional sensors, such as a
sensor for detecting fetal electrocardiographic signals, and/or a sensor for detecting uterus
electromyographic activity. Especially, the sound sensor and such additional sensor(s) may be
arranged within one adhesive patch.

[0058] Although the present invention has been described in connection with the specified
embodiments, it should not be construed as being In any way limited to the presented
examples. The scope of the present invention is set out by the accompanying claim set. In the
context of the claims, the terms "comprising” or "comprises” do not exclude other possible
elements or steps. Also, the mentioning of references such as "a" or "an" etc. should not be
construed as excluding a plurality. The use of reference signs Iin the claims with respect to
elements indicated In the figures shall also not be construed as limiting the scope of the

iInvention. Furthermore, individual features mentioned In different claims, may possibly be
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advantageously combined, and the mentioning of these features In different claims does not
exclude that a combination of features is not possible and advantageous.
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PATENTKRAYV

1. Et system til monitorering af en gravid kvinde eller et foster hos en gravid kvinde,

systemet omfattende

- en barbar enhed (WU), indrettet til at blive baret af den gravide kvinde, den
barbare enhed omfattende mindst en lydsensor (S1), indrettet til at blive pla-
ceret pa huden 1 abdominalomradet og indrettet til at detektere en vaskulaer
lyd (VS) fra en livmoderarterie eller fra en navlestrengsarterie hos et foster,
der er til stede 1 den gravide kvindes livmoder, og at generere et fgrste signal
som fplge herat,

Og

- en behandlingsenhed (P) funktionelt forbundet til at modtage det fgrste sig-
nal, hvor behandlingsenheden (P) er indrettet til at udfgre en fgrste behand-
lingsalgoritme (PA1) pa det fgrste signal (PA) for saledes at udtraekke mindst
en {grste signalparameter (SP1) som fglge heraf, og hvor behandlingsenheden

(P) er indrettet t1l at kommunikere den mindst fgrste signalparameter (SP1),

hvor den fgrste behandlingsalgoritme er indrettet til at bandpasfiltrere det fgrste signal
og generere et bandpasfiltreret fgrste signal som fglge heraf, for at detektere den va-

skulere lyd fra livmoderarterien eller navlestrengsarterien hos fosteret inden for et

frekvensomrade pa 100-1000 Hz.

2. System 1fglge krav 1, hvor den barbare enhed yderligere omfatter mindst en sensor
(S2) indrettet til at detektere en elektromyografisk aktivitet 1 den gravide kvindes liv-
moder og til at generere et andet signal 1 overensstemmelse hermed, og hvor behand-

lingsenheden (P) er funktionelt forbundet til at modtage det andet signal.

3. System ifglge et hvilket som helst af de foregaende krav, hvor den barbare enhed
yderligere omfatter mindst en sensor (S3) indrettet til at detektere et elektrokardielt

signal fra fosteret 1 den gravide kvindes livmoder og til at generere et tredje signal
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som fglge heraf, og hvor behandlingsenhed (P) er funktionelt forbundet til at modtage
det tredje signal.

4. System ifglge et hvilket som helst af de foregaende krav, hvor den barbare enhed
omfatter et adhasiv plaster, inden for hvilken den mindst ene lydsensor er anbragt

saledes, at lydsensoren er 1 kontakt med huden 1 det abdominale omrade af den gravi-

de kvinde.

d. System 1fplge krav 4, omfattende to eller flere adhasive plastre indrettet til place-
ring pa respektive omrader af den gravide kvindes abdomen, hvor hvert adhasive pla-
ster har mindst en lydsensor anbragt deri, der er funktionelt forbundet til behandlings-

enheden.

6. System ifglge et hvilket som helst af de foregaende krav, hvor behandlingsenheden
udger en del af den barbare enhed.

7. System ifglge et hvilket som helst af de foregaende krav, hvor den fgrste behand-
lingsalgoritme yderligere er indrettet til at udbedre det bandpasfiltrerede fgrste signal

og t1l at generere et udbedret t@grste signal som fglge heraf.

8. System 1fglge krav 7, hvor den fgrste behandlingsalgoritme yderligere er indrettet
til lavpastiltrering af det udbedrede fgrste signal og til at generere et lavpastiltreret
fgrste signal som fglge heraf, sasom et lavpasfilter med en afskaringsfrekvens inden

for intervallet 1-20 Hz.

9. System ifpglge et hvilket som helst af de foregaende krav, hvor den fgrste behand-
lingsalgoritme er indrettet til at udtraekke en fgrste signalparameter omfattende mindst
en af: et pulsathaengighedsindeks, en stigningstid for arteriel lyd og en henfaldstid for
arteriel lyd, vengst flow og timing at det dikrotiske hak er indikativ for lukningstiming
at aortaklappen.

10. System ifglge et hvilket som helst af de foregaende krav, hvor systemet er indrettet
til at sammenligne den fgrste signalparameter med en terskel og udlaese en alarmhan-

delse 1 tilfelde af, at den fgrste signalparameter overskrider tersklen, sasom en alarm-



10

15

20

25

30

DK/EP 2785251 T3

3

handelse omfattende mindst en af: et visuelt alarmsignal, et akustisk alarmsignal og et

taktilt alarmsignal.

11. System ifglge et hvilket som helst af de foregaende krav, omfattende et antal lyd-
sensorer funktionelt forbundet til behandlingsenheden, hvor flerheden af lydsensorer
er indrettet til respektive placeringer pa abdomen, og hvor behandlingsenheden er ind-
rettet til at behandle modtagne signaler fra flerheden at lydsensorer og til at beregne
en parameter for hver lydsensor og til at udvalge hvilken af flerheden af lydsensorer,

der skal bruges til monitorering, baseret pa den beregnede parameter.

12. System ifglge et hvilket som helst af de foregaende krav, omfattende mindst en
mikrofon indrettet til at detektere omgivende lyd nar lydsensoren (S1), hvor den
mindst ene mikrofon er funktionelt forbundet til behandlingsenheden og hvor behand-
lingsenheden er indrettet til at eliminere pavirkning fra omgivende stgj 1 signalet fra

lydsensoren (S1) baseret pa et input modtaget fra mindst en mikrofon.

13. En fremgangsmade til monitorering af en gravid kvinde eller et foster hos en gra-

vid kvinde, fremgangsmaden omfattende

- detektering af en vaskular lyd fra en livmoderarterie eller en navlestrengs-
arterie af et foster, der er til stede 1 den gravide kvindes livmoder ved hyelp at
mindst en lydsensor anbragt pa huden i1 abdominalomradet, den mindst en
lydsensor er indrettet 1 en barbar eller kropsbaren enhed indrettet til at blive
baret af den gravide kvinde,

- generering af et fgrste signal 1 henhold til den detekterede vaskulare lyd,

- udfgrelse af en fgrste behandlingsalgoritme pa det fgrste signal for saledes
at udtrekke mindst en fgrste signalparameter som fglge herat, hvor den tgrste
behandlingsalgoritme er indrettet til at bandpasfiltrere det fgrste signal og ge-
nerere et bandpasfiltreret fgrste signal som fglge heraf for at detektere vasku-
ler lyd fra livmoderarterien eller fra navlestrengsarterien hos fosteret inden
for et frekvensomrade pa 100-1000 Hz, og

- formidling af mindst fgrste signalparameter.
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