EP 3 373 997 B1

(19)

(12)

(45)

(21)

(22)

Europdisches
Patentamt

European

Patent Office

Office européen
des brevets

(11) EP 3 373 997 B1

EUROPEAN PATENT SPECIFICATION

Date of publication and mention
of the grant of the patent:
08.04.2020 Bulletin 2020/15
Application number: 16788687.8

Date of filing: 28.10.2016

(51)

(86)

(87)

Int Cl.:
A61M 1/00 (2006.01)
A61B 5/00 (2006.01)

A61M 1/06 (2006.0)

International application number:
PCT/EP2016/076089

International publication number:
WO 2017/080851 (18.05.2017 Gazette 2017/20)

(54)

BREAST PUMP AND METHOD OF OPERATING THE BREAST PUMP
BRUSTPUMPE UND VERFAHREN ZUM BETRIEB DER BRUSTPUMPE
TIRE-LAIT ET PROCEDE DE FONCTIONNEMENT DU TIRE-LAIT

(84)

(30)

(43)

(73)

(72)

Designated Contracting States:

AL ATBE BG CH CY CZDE DKEE ES FIFRGB
GRHRHUIEISITLILT LULV MC MK MT NL NO
PL PT RO RS SE SI SK SM TR

Priority: 12.11.2015 EP 15194239

Date of publication of application:
19.09.2018 Bulletin 2018/38

Proprietor: Koninklijke Philips N.V.
5656 AG Eindhoven (NL)

Inventors:
GELISSEN, Jozef Hubertus
5656 AE Eindhoven (NL)

(74)

(56)

BROCKHUIS, Lili-Marjan
5656 AE Eindhoven (NL)

Representative: Roche, Denis
Société Civile SPID

33, rue de Verdun

92150 Suresnes (FR)

References cited:

WO0-A1-2013/093739
US-A1- 2005 059 928
US-A1-2012 116 298

WO-A2-2009/060448
US-A1-2011 160 656

Note: Within nine months of the publication of the mention of the grant of the European patent in the European Patent
Bulletin, any person may give notice to the European Patent Office of opposition to that patent, in accordance with the
Implementing Regulations. Notice of opposition shall not be deemed to have been filed until the opposition fee has been

paid. (Art. 99(1) European Patent Convention).

Printed by Jouve, 75001 PARIS (FR)



1 EP 3 373 997 B1 2

Description
FIELD OF THE INVENTION

[0001] The presentinvention relates to a breast shield
arrangement for use with an expression kit of a breast
pump, to a breast pump comprising such a breast shield
arrangement and a method for operation of a breast
pump with an according breast shield arrangement.

BACKGROUND OF THE INVENTION

[0002] WO 00/57934 A1 discloses a mammary gland
pump for extracting breast milk from a female breast. The
mammary gland pump comprises a receiving unit con-
figured to receive a breast therein. The receiving unit is
in suction communication with a vacuum source, the suc-
tion being controlled by a micro-processor controlled
electro-mechanical valve for simulating natural suckling
patterns, especially suckling patterns stimulating the milk
ejection reflex.

[0003] If breastfeeding is carried out, the baby’s suck-
ling pattern will trigger the milk ejection reflex, but if a
mammary gland pump has to be used, the milk ejection
might be not successful or not effective due to lack of
correct suckling patterns. To aid the milk ejection, the
teaching of the WO 00/57934 A1 proposes to arrange a
sensor in the receiving unit to detect the start of milk flow
from the breast. The signal of the sensor is then fed back
to the micro-processor which changes the respective
suckling pattern from "triggering" to "emptying".

[0004] However, the sensoris arranged in optical com-
munication with the coupling end of the receiving unit,
that is, the milk ejection is not detected until a fluid flow
through the reception unit in vicinity to the sensor occurs.
Due to the distance between mammary gland and sensor
the detection of the milk flow and thus the adjustment of
the suckling pattern are delayed. Besides, faulty meas-
urements can occur when other fluids are present, for
example sweat or water due to previous lavation of breast
or receiving unit.

[0005] US 2005/0059928 A1 refers to a breast shield
and to a device and method for detecting changes in a
mother’s breast during the expression of milk. Light is
hereby conveyed to the breast, and the reflected light is
received and analyzed by an optical spectrum analyzing
instrument. Thus changes in the breast detectable by
changes in the reflected light may be used in studying
milk production and expression an may be used as a
control signal in controlling a breast pump.

[0006] US 2011/0160656 A1 discloses a breast pump
system with a breast pump and a breathing guidance to
provide a suggested breathing pattern to the user. The
system may also include a heart rate monitor for meas-
uring the heartrate of the user, and the suggested breath-
ing pattern may be coupled to the measured heart rate.
[0007] In US 2012/0116298 A1 a breast pump with a
sensing unit is described, the sensing unit being config-
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ured to detect a physiological response from a user of
the breast pump and to trigger a change in an operation
of the breast pump in dependence of the detected phys-
iological response. The sensing unit is located separate
from a funnel of the breast pump.

SUMMARY OF THE INVENTION

[0008] The invention is defined by the features of in-
dependentclaims 1,9and 10. Itis an object of the present
invention to provide a breast shield arrangement which
allows direct detection of the beginning of the milk flow
in the breast without delay and with a high degree of
precision to make the use of a breast pump as comfort-
able as possible for a user. It is a further object of the
present invention to provide a corresponding breast
pump and a method of operation.

[0009] In an aspect of the invention a breast pump is
presented, comprising a breast shield arrangement, a
pressure source in air-ducting connection to the breast
shield for generating increased or reduced pressure in
the breast shield to extract breast milk, and a control unit
for controlling the pressure source on the basis of the
reception signal from the sensor comprising AC and DC
components, the DC component of the reception signal
comprising information on the change of bulk absorption
in the breast.

[0010] The breast shield arrangement comprises a
breast shield for receiving a user’s breast therein, and a
photoplethysmographic, PPG, sensor for transmitting an
input signal into the breast and receiving a corresponding
reception signal in response, said reception signal com-
prising AC and DC components, the DC component of
the reception signal comprising information on the
change of bulk absorption in the breast indicating chang-
es in milk flow in the breast. The breast shield arrange-
ment of the invention is an easy to use and precise in-
strumentto help lactating women to experience a relaxed
effective milk ejection with high yield at a low stress level.
[0011] The breast pump further comprises a signal
processing unit which is configured to analyse AC and
DC components of said reception signal of the PPG or
remote PPG sensor. The signal processing unit can be
a simple and cheap assembly which does not need to be
complex in hard or software since only simple compari-
sons of values have to be carried out. It can be retrofitted
to known breast pumps.

[0012] Advantageously, the breastshield arrangement
ofthe invention can be used to be connected to any breast
pump with a suitable control unit since the values meas-
ured by the sensor are simple data which do not need
special hard- or software but only a small signal process-
ing unit which can be fitted to any breast pump with
changeable suction modi. The present invention may al-
so be used with different types of breast pumps, i.e.
breast pumps of a first type using negative pressure or
suction (e.g. vacuum pumps) and breast pumps of a sec-
ond type using positive pressure.
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[0013] In a further aspect of the present invention a
method for operating a breast pump is presented, said
breast pump comprising a breast shield arrangement, a
pressure source and a control unit, the method compris-

ing:

- transmitting an input signal into the breast,

- receiving a corresponding reception signal in re-
sponse, said reception signal comprising AC and DC
components, the DC component of the reception sig-
nal comprising information on the change of bulk ab-
sorption in the breast indicating changes in milk flow
in the breast,

- evaluating said reception signal, and

- controlling the pressure source on the basis of the
evaluated reception signal.

[0014] An advantage of the operation method accord-
ing to the invention is that the user of the breast pump
does not have to observe herself the start of the milk
expression but can rely on a very precise measurement
with direct control of the suction mode of the pressure
source. Erroneous measurements are nearlyimpossible,
making the use of the breast pump simple and comfort-
able for the user.

[0015] In yet further aspects of the present invention,
there are provided a computer program which comprises
program code means for causing a computer to perform
the steps of the method disclosed herein when said com-
puter program is carried out on a computer as well as a
non-transitory computer-readable recording medium
that stores therein a computer program product, which,
when executed by a processor, causes the method dis-
closed herein to be performed.

[0016] Preferred embodiments of the invention are de-
fined in the dependent claims. It shall be understood that
the claimed methods, breast pump, computer program
and medium have similar and/or identical preferred em-
bodiments as the claimed breast shield arrangement, in
particular as defined in the dependent claims and as dis-
closed herein.

[0017] The sensor is an optical sensor, in particular a
photoplethysmographic, PPG, sensor. PPG sensors are
known from the arts and thus offer a cheap and easy to
use possibility to obtain precise values about the start of
the milk ejection reflex.

[0018] Preferably, the PPG sensor is arranged in con-
tact with the skin of the breast or in close vicinity to the
skin, in particular at a distance of less than 1 cm. Thus,
precise measurements with reliable values at a very short
reaction time in changing the operational mode of the
pressure source of the breast pump can be carried out.
[0019] According to another advantageous embodi-
ment of the invention, the sensor is a remote photop-
lethysmographic, rPPG sensor, in particular a camera.
The camera can be arranged elsewhere outside the
breast shield, thus improving the comfort in use of the
breast pump due to absence of further objects in vicinity
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of the possibly very algesic breast.

[0020] Preferably, the sensor is arranged in or on the
breast shield, in particular on an inner or outer surface
of the breast shield or embedded in the material of the
breast shield. By adequate arrangement of the sensor,
the danger of damage to the sensor or injury to the user
can be minimized.

[0021] In an advantageous embodiment of the inven-
tion the breast pump can comprise a user interface for
conveying information, guidance and recommendations
to the user of the breast pump. This can especially be
helpful if the user is in a hurry, insecure or suffers from
pain when using the breast pump. Any of these obstacles
can be for example relieved by guidance to controlled
breathing and thus finding into a state of relaxation sup-
porting the triggering of the milk ejection reflex and the
effective emptying of the breast.

[0022] According to an advantageous embodiment of
the invention the signal processing unit is configured to
evaluate the DC component of the reception signal com-
prising information on the change of bulk absorption in
the breast, in particular on the increase of fluid due to the
start of milk flow in the breast, and generate an according
feedback signal for adjustment of the function of the pres-
sure source. The DC component of the signal is easy to
obtain from the reception signal and can be analysed by
simple means.

[0023] The signal processing unit is preferably config-
ured to detect the increase of fluid in the breast by com-
parison of the value of the DC component to a predeter-
mined threshold value. The threshold values can be cho-
sen from calibration measurements orfrom medical eval-
uations over certain shares of the female population.
[0024] According to yet another preferred embodi-
ment, the signal processing unit is further configured to
evaluate the AC component of the reception signal com-
prising information on vital signs, in particular on the
heart-rate. The vital signs can be used to control the men-
tal state of the user and in case of need a recommenda-
tion or helpful advice can be generated on base of the
vital signs.

[0025] Preferably, the signal processing unit is config-
ured to generate a feedback signal containing the heart-
rate information contained in the AC component and/or
recommendations or guidance based on the analysis of
the heart-rate information of the AC component and to
transmit the feedback signal to the user interface. The
user which might be stressed by use of the breast pump
has then the chance to relax by controlling her breath or
similar relaxation techniques proposed by the user inter-
face.

[0026] Inapreferred embodiment, the proposed meth-
od comprises:

positioning of the breast shield arrangement with the sen-
sor on the user’s breast, operating the pressure source
of the breast pump in a first operation mode, emitting
light from at least one light source in the sensor into the
tissue of the breast, receiving a respective reception sig-
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nal in a detector in the sensor, analysing the AC and DC
components of the reception signal in the signal process-
ing unit, and feeding back a signal to the control unit with
either changing the first operation mode of the pressure
source into a second operation mode different from the
first operation mode if a threshold value is exceeded, or
operating the pressure source in unchanged mode if the
threshold value is not exceeded.

BRIEF DESCRIPTION OF THE DRAWINGS

[0027] These and other aspects of the invention will be
apparent from and elucidated with reference to the em-
bodiment(s) described hereinafter. In the following draw-
ings:

Fig. 1 shows an embodiment of a breast pump com-
prising a breast shield arrangement according to the
invention,

Fig. 2 shows a detailed illustration of an embodiment
of a breast shield arrangement according to the in-
vention,

Fig. 3 shows a schematic diagram of the AC and DC
components of the signal derived from an optical
sensor in a breast shield arrangement according to
Figs. 1 or 2, and

Fig. 4 shows a schematic diagram of the signal ac-
cording to the start of the milk ejection in a female
breast.

DETAILED DESCRIPTION OF THE EMBODIMENTS

[0028] Fig. 1 shows a first embodiment of a breast
shield arrangement 1 for a breast pump 2 according to
the invention. The breast shield arrangement 1 compris-
es a funnel shaped breast shield 3 which is configured
to receive a user’s breast therein. The breast shield 3
can be formed from any suitable resilient material like
polyurethane or silicone. Since breast shields 3 are com-
monly known in the art, further detailed descriptions
about general form and function are deemed to be not
necessary here.

[0029] According to the invention, the breast shield 3
comprises asensor 4 whichis arranged in or on the breast
shield 3. Further details about the arrangement of the
sensor 4 will be explained below with reference to Fig. 2.
[0030] The breast shield arrangement 1 is connected
to an expression kit 5 via a connecting end 7. The ex-
pression kit 5 comprises a receptacle 6, to which the
breast shield 3 is connected. The receptacle 6 is config-
ured to receive the milk expressed from the user’s breast
and to guide it towards a container 8 which is also con-
nected to the receptacle 6. In the receptacle 6 further
components can be housed which are necessary for op-
eration of the breast pump, e.g. a valve assembly (not
shown) which allows controlled suction functionality.
[0031] The breast pump 2 further comprises an air-
ducting connection 9to a vacuum source 10. The vacuum
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source 10, used in this embodiment as one exemplary
embodiment of a pressure source, is configured to apply
negative pressure to the breast shield 3 aided by the at
least one valve assembly in the receptacle 6. Alterna-
tively, the at least one valve assembly can be arranged
in a housing of the vacuum source 10 or in the air-ducting
connection 9.

[0032] The vacuum source 10 can be any suitable
pumping mechanism like a mechanical or an electrical
pump.

[0033] The breast pump 2 further comprises a control
unit 11 in operative interaction to the vacuum source 10.
The control unit 11 is responsible for the control of the
function of the vacuum source 10 in dependency from
signals received from the sensor 4 in the breast shield 3.
[0034] Preferably, the breast pump further comprises
a signal processing unit 13, e.g. as part of the control unit
11 (as shown in Fig. 1) or as a separate component. The
signal processing unit 13 receives the signals from the
sensor 4, evaluates the information contained therein
and generates feedback signals for the adaption of the
function of the vacuum source.

[0035] Further, a user interface 12 which can be any
or a combination of a speaker, a vibrational signal unit
or an optical display may be provided in connection with
the control unit 11. The user interface 12 conveys infor-
mation to the user of the breast pump 2 as described
later in more detail.

[0036] Turning now to Fig. 2, the embodiment of the
breast shield arrangement 1 with the sensor 4 on the
breast shield 3 is described in more detail. Preferably,
the sensor 4 takes the shape of a thin annular element,
since an annular form is easy to handle and contains no
sharp angles with the danger of injury of the user. How-
ever, any other form of the sensor 4 is possible.

[0037] The sensor 4 might be arranged on an inner or
outer surface of the breast shield 3. Since the sensor 4
is an optical sensor as will be described in more detail
hereinafter, arrangement onthe outer surface is only pos-
sible when the material of the breast shield 3 is translu-
cent. However, arrangement on the outside would be
preferable since the danger of injury of the user or of
damage of the sensor 4 is minimized.

[0038] Alternatively the sensor 4 can also be embed-
ded in the material of the breast shield 3. "Embedded" in
this respect is meant to describe an arrangement of the
sensor 4 either in a recess of the breast shield 3 wherein
the recess is open to at least one surface of the breast
shield 3, or completely covered with the breast shield’s
material. The latter could for example be accomplished
by moulding or casting.

[0039] In case the sensor 4 is arranged on an inner
surface of the breast shield 3, it comprises preferably a
sensor pad 4a which surrounds the sensor 4 and spaces
the sensor 4 from the skin of the user. The background
of this additional sensor pad 4a is the observation, that
a sensor 4 which is directly placed on the user’s skin
might lead to biased measurement values due to the
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pressure of the sensor 4 on the skin. The thickness of
the sensor pad 4a should be sufficiently small to make
sure that the sensor 4 remains in close proximity of the
skin of the user. Preferably, the distance between the
sensor 4 and the skin of the user is less than 1 cm, par-
ticularly preferable less than 0.5 cm.

[0040] The sensor 4 is in operative interaction with the
control unit 11 (connection not shown in Fig. 1). Meas-
ured values of the sensor will be delivered to the control
unit 11 and processed in the signal processing unit 13.

[0041] The sensor 4 is an optical sensor, especially a
photoplethysmographic sensor. The photoplethysmo-
graphic sensor 4 will be referred to as PPG sensor 4
hereinafter. PPG sensors 4 are known in the arts, they
are especially used for measurement of the oxygen sat-
uration of the blood. To facilitate the understanding of
the invention, the measurement principle of a PPG sen-
sor 4 is shortly described in the following.

[0042] At least one light source, for example a light
emitting diode, emits light which is introduced into the
tissue of the respective body part. Normally, for meas-
urement a thin part of the body like a finger tip or the
earlobe is used. In these cases, the light from the light
source passes through the whole body part’s tissue and
is detected by at least one photodetector which is ar-
ranged opposite to the light source with the body part
between light source and detector. The amount of light
transmitted through the tissue is measured by the pho-
todetector and compared to the emitted light from the
light source. The difference between the values is a
measure for the bulk absorption and the fluid contents of
the respective tissue. From this, the degree of oxygen
saturation in the blood which flows through the tissue can
be calculated. If the saturation is higher the amount of
transmitted light will be different compared to a lower
saturation due to differences in the bulk absorption and
the fluid contents.

[0043] In case of the breast shield arrangement 1 for
the breast pump 2 described above it is not possible to
transmitlight through the breast tissue to a detector which
is arranged opposite to the light source, since the amount
of tissue is too large to be rayed completely. In this case,
the light is emitted into the tissue and the amount of light
reflected in the tissue is measured by the detector. The
sensor 4 thus comprises at least one light source and at
least one photodetector adjacent to each other with the
light source sending light into the breast tissue and the
detector detecting the amount of light reflected in the
breast tissue.

[0044] Accordingly, the amount of reflected light will
vary with varying degree of fluid contents in the breast
tissue. On the one hand, the breast tissue is supplied
with blood, on the other hand the breast tissue of women,
who have born recently, produces breast milk enabling
the women to feed their children by breastfeeding. Thus,
a milk flow in the breast tissue will be detectable by a
change in fluid contents of the breast tissue.

[0045] To start milk ejection from the breast, the so-
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called milk ejection reflex (MER) has to be triggered. Trig-
gering normally works by suckling action of the child on
the nipple of the feeding woman. By this suckling action,
the hormone oxytocin is emitted into the blood and trig-
gers milk ejection when detected by receptor cells in the
breast tissue. In case of a nursing woman, the milk eject-
ed from the breast leads to a different suckling action of
the child. If a nursing mother is forced however to refrain
from breastfeeding and instead has to collect breast milk
by a breast pump 2, the milk ejection normally has to be
monitored by the user of the breast pump 2 directly. The
state of the art only offers breast pumps which detect the
presence of milk flow outside the breast tissue. In these
breast pumps, erroneous measurements and delays in
adaption of the functionality of the breast pump are ob-
served.

[0046] The breast pump 2 according to the invention
offers by use of the sensor 4 a direct detection of the start
of the milk ejection in the breast tissue even before the
milk ejection outside the breast is detected. Thus, the
pressure source 10 can react directly on the start of the
milk expression. The breast pump 2 is operated at a cer-
tain suction pressure and suction frequency until the milk
ejection is detected by the sensor 4. The signal received
due to the change in fluid contents in the breast tissue is
senttothe controlunit 11, analysed by the signal process-
ing unit 13 and fed back to the vacuum source 10 to
change the suction modus.

[0047] For the analysis of the signals, a known tech-
nique is used. The signal detected by the photodetector
is split up in two components, the AC component and the
DC component and the different components analysed
on the information contained therein. A schematic dia-
gram of the components is shown for reference in Fig. 3.
[0048] The AC component mainly contains information
on vital signs, especially on the heart rate. The DC com-
ponent contains information on the bulk reflection in the
breast tissue. The ratio AC/DC is called the modulation
and reflects, as a percentage, the amount which can be
used for derivation of the heart rate.

[0049] For the inventive breast shield arrangement 1
for a breast pump 2, the DC component is the relevant
measure. When the milk ejection starts, the fluid content
in the breast tissue increases compared to the normal
status when the breast tissue is only supplied with blood.
The increase in signal reflects the presence of both fluids,
namely blood and milk.

[0050] The detectable increase in the DC component
is shown schematically with reference to Fig. 4. The in-
tensity of the PPG signal (denoted | on the y-axis) during
operation of the breast pump 2 changes periodically over
time (denoted t on the x-axis) with the suction cycles of
the vacuum source 10. A strong increase is perceivable
at time T within the diagram of Fig. 4. This increase is
the change in fluid contents in the breast tissue and the
resulting different absorption of light. This jump in the
signal is detectable by the sensor 4 and used to control
the suction mode of the vacuum source 10.
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[0051] In Fig. 4, also the user’s heart rate is still visible
as small peaks on the larger sine waves.

[0052] The signal processing unit 13 uses the jump in
the DC component to determine the start of the milk ex-
pression. The method of analysis can for example com-
prise use of a boundary or threshold which has to be
exceeded to change the suction mode of the vacuum
source. For example, an increase of the DC-value by 5%
could result in the change of the suction mode. Alterna-
tively, other user specific values could be used which can
take into account e.g. the breast size or calibration meas-
urements from earlier pumping cycles and so on.
[0053] The user of the breast pump 2 thus has no ne-
cessity to act on her own account when feeling the milk
expression but simply has to rely on the automated action
of the breast pump 2.

[0054] The sensor 4 does not necessarily have to be
a normal PPG sensor, but can also be a remote PPG
sensor which also works from a certain distance, or al-
ternatively also a laser-speckle interferometer. Both
techniques are known in the art and thus do not have to
be described in more detail here. The relevant value -
the increase in the DC component - is however present
in the values of all sensor types referred to.

[0055] As already mentioned with reference to Fig. 1,
a user interface 12 can be present, which is connected
to the control unit 11. The user interface 12 can comprise
for example a speaker, a vibrational unit and/or a display.
The user interface 12 is suitable to convey information
to the user of the breast pump 2, especially information
derived from the above-mentioned AC component of the
signal detected by the sensor 4. The AC component of
the signal comprises mainly information on the vital signs
of the user, for example the heart rate, and can be used
to generate a feedback for stress relaxation.

[0056] Youngwomen nourishing for the first time often
are insecure and nervous when using a breast pump 2.
Thus, the heartrate of these users will be high and reflect
their mental state. On the other hand, this nervousness
might lead to bad results when trying to extract breast
milk from the breast. The signal processing unit 13 of the
control unit 11 can analyse the AC component of the
signal in addition to the DC component and convey useful
information contained therein via the user interface 12 to
the user. For example, it is possible that a recommenda-
tion is generated and presented to the user to help to
decrease the heart rate by a special breathing technique.
If the breathing technique is successful, the decrease in
heart rate is also fed back to the user thus improving the
comfort and ease of the user. Stress relaxation generally
will help to increase the flow of breast milk and thus can
improve the yield.

[0057] To further improve the precise function of the
breast pump 2 it is possible to arrange a second sensor,
e.g.inform of aflow sensor, forexample in the expression
kit 6 or in the air-ducting connection 9. By way of the flow
sensor, an additional measure about the time and
amount of milk extraction from the breast can be gained
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and used to control the functionality of the breast pump
2, forinstance by generating a control signal forthe breast
pump based on the reception signal of the sensor 4 and
the signal from the additional flow sensor.

[0058] Yet another implementation of the invention is
the application of the sensor in combination with a pos-
itive pressure pump instead of a vacuum pump applying
negative pressure or suction to the breast. Although this
may require a different connection of the air ducting to
the breast shield, the sensor provided according to the
invention can be used with the same or similar measure-
ment function and with similar results.

[0059] While the invention has been illustrated and de-
scribed in detail in the drawings and foregoing descrip-
tion, suchillustration and description are to be considered
illustrative or exemplary and not restrictive; the invention
is not limited to the disclosed embodiments. Other vari-
ations to the disclosed embodiments can be understood
and effected by those skilled in the art in practicing the
claimed invention, from a study of the drawings, the dis-
closure, and the appended claims.

[0060] In the claims, the word "comprising" does not
exclude other elements or steps, and the indefinite article
"a" or "an" does not exclude a plurality. A single element
or other unit may fulfill the functions of several items re-
cited in the claims. The mere fact that certain measures
are recited in mutually different dependent claims does
not indicate that a combination of these measures cannot
be used to advantage.

[0061] A computer program may be stored/distributed
on a suitable medium, such as an optical storage medium
or a solid-state medium supplied together with or as part
of other hardware, but may also be distributed in other
forms, such as via the Internet or other wired or wireless
telecommunication systems.

[0062] Any reference signs in the claims should not be
construed as limiting the scope.

Claims

1. Breast pump (2) comprising
a breast shield arrangement (1) having:

a breast shield (3) for receiving a user’s breast
therein, and

a photoplethysmographic, PPC, sensor (4) for
transmitting an input signal into the breast and
receiving a corresponding reception signal in re-
sponse, said reception signal comprising AC
and DC components, the DC component of the
reception signal comprising information on the
change of bulk absorption in the breast indicat-
ing changes in milk flow in the breast, the breast
pump (2) further comprising

- a pressure source (10) in air-ducting con-
nection to the breast shield (3) for generat-
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ing increased or reduced pressure in the
breast shield (3) to extract breast milk, and
- a control unit (11) adapted to control the
pressure source (10) on the basis of the DC
component of the reception signal compris-
ing information on the change of bulk ab-
sorption in the breast, and

- a signal processing unit (13) for analysing
AC and DC components of said reception
signal, wherein

the signal processing unit (13) is configured
to evaluate the DC component of the recep-
tion signal comprising information on the
change of bulk absorption in the breast, in
particular on the increase of fluid due to the
start of milk flow in the breast, and generate
an according feedback signal for adjust-
ment of the function of the pressure source
(10) by the control unit (11).

Breast pump according to claim 1, wherein the PPG
sensor (4) is arranged in contact with the skin of the
breast or in close vicinity to the skin, in particular at
a distance of less than 1 cm.

Breast pump according to claim 1, wherein the sen-
sor (4) is a remote photoplethysmographic, rPPG
sensor, in particular a camera.

Breast pump according to claim 1, wherein the PPG
sensor (4) is arranged on an inner surface of the
breast shield (3) or embedded in the material of the
breast shield (3).

Breast pump (2) according to claim 1, further com-
prising a user interface (12) for conveying informa-
tion, guidance and recommendations to the user of
the breast pump (2).

Breast pump (2) according to claim 1, wherein the
signal processing unit (13) is configured to detect
the increase of fluid in the breast by comparison of
the value of the DC component to a predetermined
threshold value.

Breast pump (2) according to claim 1, wherein the
signal processing unit (13) is configured to evaluate
the AC component of the reception signal comprising
information on vital signs, in particular on the heart-
rate.

Breast pump (2) according to claim 7, wherein the
signal processing unit (13) is configured to generate
a feedback signal containing the heart-rate informa-
tion contained in the AC component and/or recom-
mendations or guidance based on the analysis of
the heart-rate information of the AC component and
to transmit the feedback signal to the user interface
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10.

(12).

Non-therapeutic method for operating a breast pump
(2) according to one of claims 1 to 8, the method
comprising:

- transmitting an input signal into the breast,

- receiving a corresponding reception signal in
response, said reception signal comprising AC
and DC components, the DC component of the
reception signal comprising information on the
change of bulk absorption in the breast indicat-
ing changes in milk flow in the breast,

- evaluating said reception signal, and

- controlling the pressure source on the basis of
the evaluated reception signal.

Computer program comprising program code means
for causing a computer to carry out the steps of the
method according to claim 9 when said computer
program is carried out on a computer.

Patentanspriiche

1.

Brustpumpe (2), umfassend
eine Brustschildanordnung (1) aufweisend:

einen Brustschild (3) zur Aufnahme der Brust
einer Benutzerin darin, und

einen photoplethysmographischen PPC-Sen-
sor (4) zum Ubertragen eines Eingangssignals
in die Brust und zum Empfangen eines entspre-
chenden Empfangssignals als Reaktion darauf,
wobei das Empfangssignal AC- und DC-Kom-
ponenten umfasst, wobei die DC-Komponente
des Empfangssignals Informationen tber die
Anderung der Volumenabsorption in der Brust
umfasst, die Anderungen im Milchfluss in der
Brust anzeigen, wobei die Brustpumpe (2) zu-
dem umfasst

- eine Druckquelle (10) in luftleitender Ver-
bindung mit dem Brustschild (3) zur Erzeu-
gung von erhéhtem oder vermindertem
Druck im Brustschild (3) zur Entnahme von
Muttermilch, und

- eine Steuereinheit (11), die so ausgelegt
ist, dass sie die Druckquelle (10) auf der
Grundlage der DC-Komponente des Emp-
fangssignals steuert, das Informationen
iiber die Anderung der Volumenabsorption
in der Brust umfasst, und

- eine Signalverarbeitungseinheit (13) zum
Analysieren von AC- und DC-Komponen-
ten des Empfangssignals, wobei

die Signalverarbeitungseinheit (13) so kon-
figuriert ist, dass sie die DC-Komponente
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des Empfangssignals auswertet, das Infor-
mationen iiber die Anderung der Volumen-
absorption in der Brust, insbesondere Uber
die Zunahme von Fluid aufgrund des Be-
ginns des Milchflusses in der Brust, umfasst
und ein entsprechendes Riickkopplungssi-
gnal zur Einstellung der Funktion der Druck-
quelle (10) durch die Steuereinheit (11) er-
zeugt.

Brustpumpe nach Anspruch 1, wobei der PPG-Sen-
sor (4) in Kontakt mit der Haut der Brust oder in un-
mittelbarer Nahe der Haut, insbesondere in einem
Abstand von weniger als 1 cm, angeordnet ist.

Brustpumpe nach Anspruch 1, wobei der Sensor (4)
ein photoplethysmographischer rPPG-Fernsensor,
insbesondere eine Kamera, ist.

Brustpumpe nach Anspruch 1, wobei der PPG-Sen-
sor (4) auf einer Innenflache des Brustschildes (3)
angeordnet oder in das Material des Brustschildes
(3) eingebettet ist.

Brustpumpe (2) nach Anspruch 1, zudem umfas-
send eine Benutzerschnittstelle (12) zur Ubermitt-
lung von Informationen, Anleitungen und Empfeh-
lungen an die Benutzerin der Brustpumpe (2).

Brustpumpe (2) nach Anspruch 1, wobei die Signal-
verarbeitungseinheit (13) so konfiguriertist, dass sie
die Zunahme von Fluid in der Brust durch Vergleich
des Wertes der DC-Komponente mit einem vorbe-
stimmten Schwellenwert erkennt.

Brustpumpe (2) nach Anspruch 1, wobei die Signal-
verarbeitungseinheit (13) so konfiguriertist, dass sie
die AC-Komponente des Empfangssignals auswer-
tet, das Informationen Uber Vitalparameter, insbe-
sondere Uber die Herzfrequenz, umfasst.

Brustpumpe (2) nach Anspruch 7, wobei die Signal-
verarbeitungseinheit (13) so konfiguriertist, dass sie
ein Rickkopplungssignal erzeugt, das die in der AC-
Komponente enthaltene Herzfrequenzinformation
und/oder Empfehlungen oder Anleitungen basie-
rend auf der Analyse der Herzfrequenzinformation
der AC-Komponente enthalt, und das Riickkopp-
lungssignal an die Benutzerschnittstelle (12) tber-
tragt.

Nicht-therapeutisches Verfahren zum Betreiben ei-
ner Brustpumpe (2) nach einem der Anspriiche 1 bis
8, wobei das Verfahren umfasst:

- Ubertragen eines Eingangssignals in die Brust,
Empfangen eines entsprechenden Empfangs-
signals als Reaktion darauf, wobei das Emp-

15

20

25

30

35

40

45

50

55

fangssignal AC- und DC-Komponenten um-
fasst, wobei die DC-Komponente des Emp-
fangssignals Informationen iiber die Anderung
derVolumenabsorption in der Brust umfasst, die
Anderungen im Milchfluss in der Brust anzeigen
- Auswerten des Empfangssignals, und

- Steuernder Druckquelle auf der Grundlage des
ausgewerteten Empfangssignals.

10. Computerprogramm umfassend Programmcode-

mittel, die bewirken, dass ein Computer die Schritte
des Verfahrens nach Anspruch 9 ausfiihrt, wenn das
Computerprogramm auf einem Computer ausge-
fahrt wird.

Revendications

Tire-lait (2) comprenant
un systeme de téterelle (1) ayant :

une téterelle (3) pour y recevoir un sein d’'une
utilisatrice, et

un capteur photopléthysmographique, PPC, (4)
pour transmettre un signal d’entrée dans le sein
et pour recevoir un signal de réception corres-
pondant en réponse, ledit signal de réception
comprenant des composantes AC et DC, la
composante DC du signal de réception compre-
nant des informations sur la variation d’absorp-
tion de volume dans le sein indiquant des varia-
tions du débit d’écoulement de lait dans le sein,
le tire-lait (2) comprenant également

- une source de pression (10) dans une con-
nexion d’'une conduite d’air a la téterelle (3)
pour générer une pression accrue ou rédui-
te dans la téterelle (3) pour extraire le lait
du sein, et

- une unité de contréle (11) adaptée pour
contrdler la source de pression (10) sur la
base de la composante DC du signal de ré-
ception comprenant des informations sur la
variation d’absorption de volume dans le
sein, et

- une unité de traitement de signal (13) pour
analyser des composantes AC et DC dudit
signal de réception, dans lequel

I'unité de traitement de signal (13) est con-
figurée pour évaluer la composante DC du
signal de réception comprenant des infor-
mations sur la variation d’absorption de vo-
lume dans le sein, en particulier, sur 'aug-
mentation du fluide en raison du commen-
cement du débit d’écoulement de lait dans
le sein, et pour générer un signal de retour
correspondant pour I'ajustement de la fonc-
tion de la source de pression (10) par l'unité
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de contrdle (11).

Tire-lait selon larevendication 1, dans lequel le cap-
teur PPG (4) est agencé en contact avec la peau du
sein ou a proximité immédiate de la peau, en parti-
culier, a une distance inférieure a 1 cm.

Tire-lait selon la revendication 1, dans lequel le cap-
teur (4) est un capteur rPPG photopléthysmographi-
que a distance, en particulier une caméra.

Tire-lait selon la revendication 1, dans lequel le cap-
teur PPG (4) est agencé sur une surface intérieure
de la téterelle (3) ou est intégré dans le matériau de
la téterelle (3).

Tire-lait (2) selon la revendication 1, comprenant
également une interface utilisateur (12) pour trans-
mettre des informations, des instructions et des re-
commandations a l'utilisatrice du tire-lait (2).

Tire-lait (2) selon la revendication 1, dans lequel
'unité de traitement de signal (13) est configurée
pour détecter 'augmentation du fluide dans le sein
par comparaison de la valeur de la composante DC
avec une valeur seuil prédéterminée.

Tire-lait (2) selon la revendication 1, dans lequel
'unité de traitement de signal (13) est configurée
pour évaluer la composante AC du signal de récep-
tion comprenant des informations sur les signes vi-
taux, en particulier, sur la fréquence cardiaque.

Tire-lait (2) selon la revendication 7, dans lequel
'unité de traitement de signal (13) est configurée
pour générer un signal de retour contenant les infor-
mations sur la fréquence cardiaque contenues dans
la composante AC et/ou des recommandations ou
des instructions sur la base de 'analyse des infor-
mations sur la fréquence cardiaque de la composan-
te AC et pour transmettre le signal de retour a I'in-
terface utilisateur (12).

Procédé non-thérapeutique de fonctionnement d’un
tire-lait (2) selon 'une des revendications 1 a 8, le
procédé comprenant :

- transmettre un signal d’entrée dans le sein,

- recevoir un signal de réception correspondant
en réponse, ledit signal de réception compre-
nantdes composantes AC etDC, lacomposante
DC du signal de réception comprenant des in-
formations sur la variation d’absorption de volu-
me dans le seinindiquantdes variations du débit
d’écoulement de lait dans le sein,

- évaluer ledit signal de réception, et

- contrdler la source de pression sur la base du
signal de réception évalué.
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10. Programme informatique comprenant des moyens

de code de programme pour donner I'ordre a un or-
dinateur d’exécuter les étapes du procédé selon la
revendication 9 quand ledit programme informatique
est exécuté sur un ordinateur.
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