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wear and minimizes the dead volume.

O (57) Zusammenfassung:

FIG. 1

(54) Title: BREAST SHIELD FOR EXPRESSING HUMAN BREAST MILK
(54) Bezeichnung : BRUSTHAUBE ZUM ABPUMPEN VON MENSCHLICHER MUTTERMILCH

(57) Abstract: A breast shield (4) has a tubular
connector piece (40) and, formed integrally on
the latter, a funnel (42) for placing on a mother's
breast, wherein the funncl (42) widens towards
its free end, which faces away from the connec-
tor piece (40), and wherein a channel (43) is
present which extends continuously from a
breast-side end of the funnel (42) as far as a
pump-side end of the connector piece (40), op-
posite said breast-side end, and which is used to
apply a vacuum to the maother's breast and to al-
low the expressed breast milk to flow off. Ac-
cording to the invention, the funnel (42) is more
flexible than the connector piece (40), and the
funnel (42) has a main region (420) extending
along a substantial part of the length thereof,
with a first opening angle (o) of the channel
(43), and a breast-side end region (421), with a
second opening angle (02) of the channel (43).
When the breast shield is not in use, the first
opening angle (a;) is smaller than the second
opening angle (vz2), and, when the breast shicld
is in use, at least the first opening angle (o.1) can
be enlarged by axial pressure on the breast
shield (4). This breast shield is comfortable to

[Fortsetzung auf der nachster Seite]
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Fine Brusthaube (4) weist einen rohrférmigen Stutzen (40) und einen daran einstiickig angeformten Trichter (42) zur Auflage an
cinc Mutterbrust auf, wobei der Trichter (42) sich zu sciner freien, dem Stutzen (40) abgewandten Seite hin crweitert und wobei
ein Kanal (43) vorhanden ist, welcher sich von einem brustseitigen Ende des Trichters (42) durchgehend bis zu einem, diesem
Ende gegentiberliegenden, pumpenseitigen Ende des Stutzens (40) erstreckt und welcher zum Anlegen eines Vakuums an die
Mutterbrust und zum Abfliessen der abgepumpten Muttermilch dient. Erfindungsgeméss ist der Trichter (42) flexibler ausgebildet
als der Stutzen (40) und der Trichter (42) weist einen sich iiber einen wesentlichen Teil seiner Lange erstreckenden Hauptbereich
(420) mit einem ersten Offnumgswinkel (o) des Kanals (43) und einen brustseitigen Fndbereich (421) mit einem zweiten Off-
nungswinkel (0,) des Kanals (43) auf. Der erste Offnungswinkel (q.) ist bei Nichtgebrauch klciner als der zweite Offaungswinkel
(02), wobei im Gebrauchszustand mindestens der erste Offimgswinkel (o) durch axialen Druck auf die Brusthaube (4) vergris-
serbar ist. Dicse Brusthaube ist angenchm zu tragen und minimiert das Totvolumen.
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TITLE

Breast shield for expressing human breast milk

TECHNICAL FIELD

The present invention relates to a breast shield for expressing human breast milk.

PRIOR ART

Devices for expressing human breast milk are well known. In principle, there are two
different types: the first device type is operated manually, ie the negative pressure
required for the expressing operation is generated by manual actuation of the vacuum
pump. In the devices of the second type, the vacuum pump is operated electrically, it being
possible for the vacuum pump to be connected to the power supply network and/or to be
operated via a battery or another energy accumulator. Examples for this include
WO 96/22116, US 2009/0099511, US 2008/0287037, US 7 094 217 and US
2008/0039781.

Said vacuum pumps are connected to a breast shield either directly or via vacuum lines.
The breast shield usually has a funnel-shaped part for receiving part of the mother’s breast
including the nipple. As a rule, said funnel-shaped part merges into a part, which is in the
shape of a hollow cylinder and to which, firstly, either the vacuum pump is connected
directly or via a suction line and which, secondly, is likewise connected directly or via a
milk line to a milk collecting container. It is known to select breast shields in accordance
with the size of the breast. In particular breast shield sets are known, in which the size of

the funnel-shaped part can be selected according to the mother.
Relatively small breast shields are also known in the prior art. US 6 379 327 discloses a

portable, “hands-free” expressing device. In this context, “hands-free” means that, once

switched on, the entire device functions without hands, i.e. that neither the pump nor the

4733099_1 (GHMatters) P89562.AU
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breast shield have to be held by hand. In US’327, a small funnel-shaped breast shield is
fastened for this purpose to the breast using straps. A first tube leads from the breast shield
to a vacuum pump, which is held in a belt. A second tube leads from the breast shield into

a milk collecting container, which can be carried in the same belt.

WO 02/102437 and WO 2008/137678 show “hands-free” expressing devices. The breast
shield here is in each case integrated in a pump housing and serves at the same time as a

diaphragm for generating a negative pressure.

US 949 414 describes a funnel-shaped breast shield, which can be arranged under a bra.
Rather than a vacuum being applied, a tube leads from the breast shield to a baby who is

intended to obtain the milk desired by sucking on the tube.

US 6 440 100 shows a device for expressing breast milk with a small breast shield that can
be worn under the bra. A milk tube leads from the breast shield to a milk collecting
container. The latter is connected via a vacuum tube to a vacuum source. The milk
collecting container is evacuated by means of the vacuum source, with the negative
pressure being applied to the breast shield via the milk tube. Owing to the negative
pressure prevailing in the milk collecting container, expressed milk is now intended to pass
into the milk collecting container via the milk tube. As an alternative, the milk collectiny
container itself can serve as a vacuum pump. Said device has the disadvantage that the
relatively large volume of the milk collecting container likewise has to be evacuated. Said

“dead volume” considerably restricts the productivity of the device.

SUMMARY OF THE INVENTION

The invention provides a breast shield for use in a device for expressing human breast
milk, wherein the breast shield has a tubular connector and a funnel that is integrally
formed thereon and is intended for resting on a mother’s breast, wherein the funnel widens
with a first opening angle toward a free side thereof which faces away from the connector,
and wherein there is a passage for the expressed human breast milk, the passage extending

continuously from a breast-side end of the funnel as far as a pump-side end, being opposite

4733099_1 (GHMatters) P8562.AU
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said breast-side end, of the connector and which serving to apply a vacuum to the mother’s
breast and for the flowing away of the expressed breast milk, wherein the funnel is of more
flexible design than the connector, in that wherein the funnel has a length, wherein the
funnel has a main region extending over a substantial part of said length thereof with a first
opening angle of the passage, and a breast-side end region with a second opening angle of
the passage, wherein, when the breast shield is not in use, the first opening angle is smaller
than the second opening angle, and in wherein, when the breast shield is in the use state, at

least the first opening angle can be enlarged by axial pressure on the breast shield.

This breast shield adapts itself optimally to the shape of the human mother’s breast and
creates a tight or less tight connection to the breast, depending on requirements and contacs-

pressure, respectively.

Some embodiments of the invention may be pleasant to wear and reduce the air-filled or
milk-filled dead volume: this may be thanks to the adaptability in the present invention as

defined above.

The breast shield is preferably designed to be so small that it merely surrounds the nipple
and at maximum the aerola. Not only can said breast shield be used in a simple manner in a
“hands-free” system, for example it can be kept in a bra, said breast shield also has
scarcely any air-filled regions because of its small size. This has a positive effect on ths .
vacuum pump since the latter requires less power and can therefore operate more quietly.

Furthermore, for said reason, said vacuum pump can also be made smaller.
In addition, these small breast shields have the advantage that there can be less movemen:

of the tissue of the breast within the shield. As a result, the breast shields can bear more

tightly against the tissue. A lower pumping power is required in turn as a result. The pump

4733096_1 (GHMatiers) P89562 AU
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likewise can be designed to be smaller and operates more quietly.

In contrast to the known breast shields and to the natural sucking of a baby, the nipple in
the breast shield according to the invention is customarily not expanded to 2.5 times the

length thereof. This is pleasant for the mother, in particular if she has painful nipples.

When not in use, typical values of the first opening angle of the breast shield are < 5°
(smaller or equal 5°) and of the second opening angle are 90° to 160°. During use and
depending on the axial pressure applied, at least the second opening angle can be enlarged

up to 120° or preferably up to 160°.

The funnel preferably has a breast-side diameter of S mm to 40 mm and a length of 10 mm
to 40 mm, such that, in the use state, the nipple, and at maximum the areola, is surrounded
by the breast shield. Milk ducts in the breast tissue are preferably not surrounded by the
breast shield.

Between the connector and funnel, there is preferably a transition region with a third
opening angle of the passage, wherein the third opening angle is larger than the first
opéning angle when the device is not in use.

Typical values of the third opening angle are 60° to 150°.

The main region preferably directly adjoins the transition region. The end region

preferably also directly adjoins the main region.
In a preferred embodiment, the connector has a wall thickness which is much greater than
the wall thickness of the funnel. As an addition or alternative, the connector may also be

formed from a material having greater shore hardness.

In the transition region between the connector and funnel there is preferably an outer stop,

which protrudes over the outer circumference of the connector.

The connector can be readily inserted into a recess if the outer circumference of the

3142832_1 (GHMatters) P8US82 AU
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connector is designed such that it widens conically toward the funnel.

Said breast shield according to the invention is preferably manufactured from silicone and
preferably has a Shore A hardness of 30 to 70. The funnel preferably has a Shore A

hardness of about 50 and the connector has a shore A hardness of about 70.

So that said relatively small and compact breast shield can be readily held in the hand, said
breast shield is preferably provided in a breast shield set with a coupling part.  The
invention therefore also provides a breast shield set with a breast shield and a coupling part
for receiving the connector of the breast shield in a sealing manner, wherein the coupling
part is of cylindrical design and is closed on one side by a base such that a blind hole for
receiving the connector is formed, and wherein there is at least one port opening which is

connected in terms of fluid communication to the passage of the breast shield.

In the assembled state, an end side of the connector remote from the breast shield
preferably ends at a distance from the base of the coupling part. The at least one port

opening is preferably arranged eccentrically in the coupling part.

If the at least one port opening is arranged in an upper region of the coupling part and the .
coupling part has a marking which defines “this side up” in the space, then, during the
expressing operation, stationary air bubbles are avoided in the coupling parts and air-filled

dead spaces are eliminated.

In order to be able to insert the conical connector more simply, the blind hole of the

coupling part also tapers in diameter toward the base.
The coupling part is preferably of stiff design, this facilitating the insertion of the
connector and increasing the stability. The part can therefore be more easily held or

fastened.

The breast shield preferably does not have any inserts whatsoever and consists merely of

the abovementioned elements.

4733099_1 (GHMatters) P89562.AU
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The breast shield according to the invention can be combined with all types of breast
pumps. However, the use thereof with a breast pump, which changes from a pneumatic
system into a hydraulic system during the expressing operation, is advantageous. That is to
say, the same line, which has initially applied the vacuum to the breast shield, also serves
to transport the expressed milk and therefore the milk becomes the medium, which

generates the further flow of milk out of the mother’s breast.

Such a device for expressing human breast milk has the breast shield according to the
invention for bearing against a mother’s breast, a vacuum pump for generating a vacuum, a
line which connects the breast shield to the pump chamber and is intended for transmitting
the vacuum generated to the breast shield, and a chamber. The line ends on the pump side
in a first port of said chamber. According to the invention, the chamber has a second port
for connection to a milk collecting container. The two ports in the chamber are connected
to each other in terms of fluid communication. During the expressing operation, the line
forms a milk line for transporting breast milk expressed in the breast shield to the chamber.

The milk is subsequently conducted from the chamber to the milk collecting container.

An advantage of said system is not only that the already expressed milk warms the breast
shield, which is pleasant for the mother. Furthermore, only a single line is required, which

in "hands-free" designs in particular can be discreetly hidden in the clothing.

Since the entire system is flooded by milk and there is therefore no longer a vacuum line in
the classic sense, a lower pumping power is required in order to express breast milk.
Typical values for the air output are at maximum 50 ml/min and for the milk output at
maximum 100 ml/min. The vacuum pump can therefore be configured to be smaller and
lighter, which means that it in turn is less conspicuous to onlookers. The mother can use
said vacuum pump more discreetly. In addition, owing to the lower pumping power
requirement, the vacuum pump is quieter during use, this in turn increasing the comfort

and discretion.
Since the entire system, i.e. the entire system, apart from the pumping-unit-side or drive-

side region of the vacuum pump, is flooded with milk and there are only very small air-

filled dead spaces, if any at all, the applied vacuum can more easily be controlled. The

3142832_1 (GHMatters) P895682. AU
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negative pressure present at the breast shield also corresponds more to the vacuum

generated in the vacuum pump.

Said milk line can be realized in various ways. In a preferred embodiment, there is a
partition wall which separates a vacuum pump drive and the line from each other. As a
result, the chamber is divided by the partition wall into a breast-shield-side region and a
drive-side region. The two regions are completely separated from each other and are
connected to each other only via the diaphragm. It is therefore ensured that milk does not
pass into the drive-side region of the vacuum pump nor does dirt or air from the drive-side
region pass into the milk-conducting line and therefore into the breast shield and the milk

collecting container. Said partition wall is preferably a diaphragm.

In a preferred embodiment, said diaphragm is driven and serves to convey the expressed
milk. As a result, the milk can be expressed independently of the relative position of the
breast shield, the milk collecting container and the vacuum pump with respect to one
another. The mother may, for example, even express milk while lying down. This is
optimum in particular in a “hands-free” embodiment since the mother may even bend

down and in general move very freely.

A very wide variety of vacuum pumps can be used with the vacuum-transmitting and milk-
conducting line according to the invention. Preferably, but not necessarily, a single
diaphragm is used in each case both for transporting the milk and for separation of the

media.

The vacuum pump is preferably a diaphragm pump, wherein the chamber is the vacuum-
generating pump chamber of the vacuum pump, and the diaphragm is the diaphragm of the

pump chamber used for generating the vacuum.

The breast shield can also be connected directly and without the above-described line to a
housing of a vacuum pump. Nevertheless, the change can be made to a hydraulic pump
system. A preferred vacuum pump for expressing human breast milk by means of this
breast shield has a drive and a diaphragm that can be driven cyclically by the drive, the

diaphragm being arranged in a chamber, the diaphragm separating the chamber into a

3142832_1 (GHMatters) PB9562. AU
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drive-side part and a breast-shield-side part, and the breast-shield-side part having a
vacuum port for producing a connection to the breast shield. According to the invention,
the breast-shield-side part of the chamber furthermore has a milk port for producing a
connection to a milk collecting container, and the vacuum port and the milk port are
connected to each other in terms of fluid communication via the breast-shield-side part of
the chamber. Preferably, said vacuum pump is a diaphragm pump and the chamber is the

vacuum-generating pump chamber.

In a preferred embodiment, the vacuum pump is an electric diaphragm pump. In this case,
the diaphragm of the diaphragm pump preferably forms the abovementioned diaphragm
serving as a drive for the milk and as a partition wall. The drive of the diaphragm
preferably serves simultaneously to generate the vacuum in the pump chamber and to
convey the flow of milk. Owing to the triple function of the diaphragm, the vacuum can be

better controlled.

The diaphragm preferably has a substantially circular outline. The diaphragm is preferably

driven in the central region thereof, preferably in the center thereof.

Other types of diaphragm pumps and alternative pumps without a diaphragm may also be

used. Furthermore, manually driven pumps may be used.

The combination of the three elements

- a vacuum-transmitting and milk-conducting line

- a pump chamber diaphragm with its triple function

- the breast shield that is of small design and avoids dead volumes

results in a device that can be designed to be extremely small and quiet and furthermore is

optimally suitable for any type of use, in particular “hands-free” use.

Further advantageous embodiments and variants of the method are indicated in the

dependent claims.

3142832_1 (GHMatters) P89562.AU
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BRIEF DESCRIPTION OF THE DRAWINGS

Preferred embodiments of the invention are described below with reference to the drawings

that serve merely for explanation and should not be interpreted as being limiting. In the

drawings:

Figure 1

Figure 2

Figure 3

Figure 4

Figure 5

Figure 6

Figure 7

Figure 8

Figure 9

shows a longitudinal section through a breast shield according to the

invention, applied to a human breast with a relatively large contact pressure;

shows a longitudinal section through the breast shield according to the
invention according to Figure 1, applied to a human breast with a smaller

contact pressure,

shows a longitudinal section through the breast shield according to Figure 1

with a coupling part in a first embodiment;

shows a longitudinal section through a coupling part in a second

embodiment;

shows a longitudinal section through a coupling part in a third embodiment;

shows a longitudinal section through the coupling part according to Figure
3;

shows an exploded view of a device according to the invention for
expressing human breast milk in a first embodiment, in which a side wall of

the vacuum pump is not illustrated,;

shows the device according to figure 7 assembled for use, in which a side

wall of the vacuum pump is not illustrated; and

shows a device according to the invention in a second embodiment, in

3142832_1 (GHMatlers) P8562 AU
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which a side wall of the vacuum pump is not illustrated.

The same parts are provided with the same designations in the figures.

DESCRIPTION OF PREFERRED EMBODIMENTS

Figures 1 to 3 illustrate a preferred example of a breast shield 4 according to the invention.

It can be seen in figure 3 in a breast shield set with the coupling part 3.

Figure 1 shows the breast shield 4 according to the invention applied to a female breast B.
The breast shield 4 has a connector 40, a funnel 42 and a transition region 44 connecting
these two. There is preferably a radially outwardly protruding flange 41 between the
connector 40 and funnel 42. A continuous passage 43 extends through the entire breast
shield 4 such that the latter is designed to be open at two opposite ends. The breast shield 4
is preferably of rotationally symmetrical design. The breast shield 4 preferably does not

have any further elements whatsoever, in particular inserts.

The breast shield 4 is preferably designed as a single piece. It is customarily composed of

plastic, preferably of silicone.

The connector 40 is of solid design, i.e. relatively stiff design, and serves for the coupling
to the coupling part 3. It has a wall thickness which is much greater than the wall thickness
of the funnel 42. In this example, the connector 40 is of conical design at the outer
circumference thereof while said connector is preferably of rotationally symmetrical
design. The conicity facilitates the insertion into the coupling part 3 and also increases the
tightness of the connection to the coupling part 3. The tightness is furthermore obtained by
the connector 40, due to the material, being slightly compressed in the coupling part. For
this purpose, the outside diameter of the connector 40 is slightly larger than the inside
diameter of the coupling part 3. Typical external diameters of the connector 40 are 8 mm to

40mm. Typical lengths are 5 mm to 40mm.

The funnel 42 serves to receive the mother’s breast. Said funnel is preferably configured to

3142832_1 (GHMatters) P895862.AU
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be highly flexible. It is of substantially more flexible and soft design than the connector 40.
It is of substantially more flexible and soft design than the connector 40. Owing to the
flexibility thereof, said funnel adapts in its shape to the shape of the breast. It has a much
smaller wall thickness here than the wall thickness of the connector 40. Alternatively, the
connector 40 and funnel 42 may also have the same wall thickness, wherein, in this case,
the connector 40 is preferably manufactured from a material having a greater Shore
hardness or has reinforcement. The funnel 42 preferably has a Shore A hardness of about

50 and the connector 40 has a Shore A hardness of about 70.

Figure 3 illustrates the breast shield 4 when not in use. The funnel 42 has at least two
regions: a main region 420 and a front, breast-shield-side end region 421. The end region

421 forms the breast-shield-side end of the breast shield and therefore ends freely.

When not in use, the main region 420 has a first opening angle o, and the end region has a
second opening angle a,. The first opening angle a; is smaller than the second opening
angle a;. In addition, the wall is preferably bent over outward in the end region 421. As
can be seen in Figures 1 and 2, the first opening angle o can be enlarged upon axial
contact pressure on the breast such that the end region 421 adapts itself optimally to the

shape of the breast.

As can be seen in the figures, the main region 420 directly adjoins the end region 421. At

the other end, the main region 420 directly adjoins the transition region 44.

In the transition region 44 there is a further, third opening angle a3, which is likewise
larger than the first opening angle of the main region 420. Said third opening angle serves

as a predetermined value for the main region for enlarging the angle.

The angles when not in use are preferably, for the first opening angle o < 5°, for the
second opening angle oy, 90° to 160° and for the third opening angle oz, 60° to 150°.

When in use, at least the first opening angle a; can be enlarged preferably to an angle of up

to 10°.

3142832_1 (GHMatters) P89562.AU
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The funnel 42 has a length L of 10 mm to 40 mm. The diameter D in the front end region is
preferably 5 mm to 40 mm, in particular 20 mm to 40 mm. As a result, it is of such a small
size that it surrounds the nipple and none, at most part, or the entire areola, but not the rest
of the breast. This corresponds approximately to the portion of the breast that is taken into
the mouth by a baby. The funnel 42 is of frustoconical design in the region of the
connector 40, said funnel opening toward the breast. The front, breast-side border thereof

is inclined outward to a greater degree than the connector-side part.

Since the breast shield 4 or at least the funnel 42 is configured to be flexible, the mother,
by choosing the contact pressure, can herself select how much of the breast is actually
surrounded by the breast shield 4. The contact pressure is produced from the axial pressure
on the funnel 42 and the counterpressure from the mother’s breast. In Figure 1, the contact
pressure is relatively large and the funnel is expanded, and, in Figure 2, the pressure is
smaller and the funnel 42 merely encloses the nipple. By choosing the contact pressure, the
tightness of bearing against the breast can also be adjusted and therefore the expressing

operation can be adjusted to be as comfortable as possible for the mother.

As can be seen in Figure 3, the breast shield 4 is plugged into the coupling part 3. The
coupling part 3 is preferably likewise configured to be small, but to be as stiff as possible.
In the outer circumference thereof, said coupling part is preferably of cylindrical design
and, in the inner circumference thereof, is frustoconical or conical, respectively. It has a U-
shaped cross section, i.e. is designed to be open at one end and closed at the opposite end.
There is therefore a blind hole into which the connector 40 of the breast shield 4 can be
pushed as far as the stop 41. In Figure 3, the breast shield 4 is not yet fully pushed in. As
can be seen, however, in the fully-pushed in state, there is a gap between the end side of
the connector 40 and the rear wall of the coupling part 3, the gap forming a fluid

passageway from the passage 43 to a port opening 31 in the coupling part 3.

Said port opening 31 serves for the connection of a vacuum line and/or milk line. If the
vacuum line and milk line run separately from each other, there are therefore two port
openings in the coupling part 3. Said port openings may be provided with nonreturn valves.
The vacuum line leads to the vacuum pump and the milk line to the milk collecting

container.
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The lines can simply be plugged into the openings. However, they may also be connected
fixedly to the coupling part 3, or there may be plug-in or plug-on means, for example

connectors, for connection to the lines.

The at least one port opening 31 may be provided at different locations. In Figure 3, it is
arranged in the upper region in the rear wall of the coupling part 3. In Figure 4, it is
arranged centrally in the rear wall. In Figure S, it is arranged in the casing, but in the rear
region close to the rear wall. Preferably it is arranged likewise in the upper region. Figure 6
once again shows the situation according to Figure 3, but without the breast shield 4

plugged in.

If the port opening 31 in particular for the milk line is arranged at the top, the residual air
in the coupling part 3 is sucked off together with the milk and the dead volume is reduced
once again. In the use state, the breast shield 4 and coupling part 3 no longer have any air
chambers. The clearances thereof, if still present, are filled with milk. So that the port
opening 31 is actually directed upward during use, a corresponding marking, for example,

can be indicated on the coupling part 3.

Said breast shield can be used with all types of breast pumps. However, it is advantageous

when used with the devices illustrated in figures 7 to 9 for expressing human breast milk.

Figures 7 and 8 illustrate a first embodiment of a device of this type. It has a vacuum pump
1, a first line 2, the coupling part 3, the breast shield 4, a nonreturn valve S, a second line 6

and a milk collecting container 7. '

The breast shield 4 is connected to the vacuum pump 1 via the coupling part 3 and the first
flexible line 2. The second flexible line 6 leads from the vacuum pump 1 to the milk
collecting container 7, said connection being provided with the nonreturn valve 5. The two

flexible lines 2, 6 are preferably tubes, in particular made of silicone.

As illustrated in Figure 9, the milk collecting container 7 may alternatively also be fastened

directly to the vacuum pump 1. For this purpose, there is preferably a suitably shaped
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adapter 70 on the milk collecting container 7, said adapter being detachably connectable to

a housing 10 of the vacuum pump.

The vacuum pump 1 has the abovementioned housing 10, a side wall of the housing 10 not

being illustrated in the drawings. As a result, the interior of the housing 10 can be revealed.

There is an electric motor 11 in the housing 10. Said electric motor can be operated from
the mains and/or battery operated. A force transfer unit 12, here a connecting rod
connected to the motor, transfers the rotational movement of the motor into a linear
movement. The connecting rod 12 is connected at the second end thereof to a diaphragm
14, The diaphragm 14 is arranged in a recess of the housing 10, which forms part of a
pump chamber. A cover 13 which is detachably connectable to the housing 10 secures the

diaphragm 14 in its position.

Instead of said drive, other types of drive, in particular even manual drives, can also be

used.

The cover 13 is preferably screwed to the housing 10. Other types of connection are
likewise possible. The cover 13 likewise has a recess such that said cover forms a second
part of the pump chamber. The two parts of the pump chamber are separated from each
other by the diaphragm 14. The cover can be formed as a single piece or as a number of

pieces.

The cover 13 can be formed as a single piece or as a number of pieces. It forms not only a
tight closure but also serves as a valve plate for the diaphragm vacuum pump. Passages and
valves (not illustrated in detail here) which enable the vacuum to be built up in the cover-

or breast-side part of the pump chamber are therefore arranged in the cover 13.

The operation of the diaphragm pump is not described in detail here since it is well known.
By means of a drive, here by means of a motor 11 and connecting rod 12, the diaphragm is
moved cyclically to and fro such that a negative pressure is generated in the breast-shield-
side or cover-side part of the pump chamber. Instead of the drive illustrated here, other

types of drive suitable for moving the diaphragm 14 cyclically can also be used. The
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electronics required for operating the pump and the control elements are not illustrated
here. Use may be made of known means. The pump can be operated with a temporally
constant cycle, or, as is known in the prior art, the suction curve may be adapted in the
shape, frequency and intensity thereof to the suction behavior of the baby and/or to the

requirements of the mother.

In the cover 13, i.e. in the valve plate, there is a first outlet opening 130 which connects the
environment to the cover-side part of the pump chamber. Said outlet opening 130 serves as
a first port for the first line 2. A second outlet opening 131, which likewise connects the
cover- and the breast-side part of the pump chamber to the surroundings, respectively, is
designed as a second port. Said second port is provided with the nonreturn valve S. Use is
made here of a spout valve which is plugged onto a connector. However, other types of

valve are also usable.

If the device is now used, the breast shield 4 is placed onto the mother’s breast such that
said breast shield at least surrounds the nipple. Preferably, at maximum the areola is
additionally surrounded by the breast shield 4. The vacuum pump 1 is switched on and
operated in a known manner. The vacuum generated in the pump chamber evacuates the
first line 2 such that there is a negative pressure in the breast shield 4. As a result, milk is
expressed from the mother’s breast and passes through the breast shield 4 and the coupling
part 3 into the first line 2. The milk flows through the first port 130 into the cover-side part
of the pump chamber. The expressed milk leaves the pump chamber through the second
port 131 and the nonreturn valve 5 and passes into the milk collecting container via the
second line 6 (see Figure 8) or else, depending on the embodiment, directly (see Figure 9).
There is therefore no separate line for transporting the milk. The first line 2 serves at the
same time as a suction line and as a milk transport line. After initial pneumatic pumping,
the device therefore changes to hydraulic pumping. This is a further approximation to the

natural sucking of babies.

The diaphragm 14 in the pump chamber has three functions. Firstly, it forms the diaphragm
of the diaphragm vacuum pump and thus generates the vacuum in the pump chamber.
Secondly, it serves as a partition wall between the air in the pump-side part of the pump

chamber and the milk in the cover-side part of the pump chamber. It therefore serves as a
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means of separating media. It thereby prevents milk from being able to pass into the pump
unit. However, it also prevents dirt from the pump unit from being able to pass into the
first and second lines 2, 6. Thirdly, the cyclic movement of said diaphragm within the
pump chamber results in said diaphragm conveying and transporting the milk. Owing to
said third function of the diaphragm 14, during the expressing operation, the milk
collecting container 7, breast shield 4 and vacuum pump 1 can be arranged in positions
which are independent of one another. For example, the milk collecting container 7 can be
located above the vacuum pump 1 and/or the breast shield 4. The vacuum pump 1 may also
be above the milk collecting container 7 and/or the breast shield 4. This enables the mother
to express milk even while lying down or, if she is seated, to place the milk collecting
container 7 and the vacuum pump 1 onto a shelf or another raised platform out of the reach

of small children.

In the examples according to Figures 7 to 9, a negative pressure of 0 to 300 mmHg is
preferably generated. The pumping frequency is preferably between 5 and 120 cycles per

minute,

The nonreturn valve 5 preferably opens only when there is sufficient pressure, i.e. whe:

the pump chamber is sufficiently filled with milk. As a result, the dead volume, which has -
to be evacuated, can be kept to a minimum.

The breast shield described herein is pleasant for the mother to wear and reduces the air- or

milk-filled dead volume to a minimum when expressing breast milk.

It is to be understood that, if any prior art publication is referred to herein, such reference
does not constitute an admission that the publication forms a part of the common general

knowledge in the art, in Australia or any other country.

In the claims which follow and in the preceding description of the invention, except where
the context requires otherwise due to express language or necessary implication, the word
“comprise” or variations such as “comprises” or “comprising” is used in an inclusive:
sense, i.e. to specify the presence of the stated features but not to preclude the presence o1

addition of further features in various embodiments of the invention.
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LIST OF DESIGNATIONS
] vacuum pump 421 end region
10 housing 43 passage
11 motor 44 transition region
12 force transfer unit
13 cover 5 nonreturn valve
130 first port
131 second port 6 second line
133, 133>  recess 60 valve cap
14 diaphragm
7 milk collecting container
2 first line 70 adaptor
3 coupling part B breast
30 basic body D diameter of the end region of
31 port opening the funnel
L length of the funnel
4 breast shield o) first opening angle
40 connector a2 second opening angle
41 stop o3 third opening angle
42 funnel

420 main region
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

A breast shield for use in a device for expressing human breast milk, wherein the
breast shield has a tubular connector and a funnel that is integrally formed thereon
and is intended for resting on a mother’s breast, wherein the funnel widens with a
first opening angle toward a free side thereof which faces away from the connector,
and wherein there is a passage for the expressed human breast milk, the passage
extending continuously from a breast-side end of the funnel as far as a pump-side
end, being opposite said breast-side end, of the connector and serving to apply a
vacuum to the mother’s breast, wherein the funnel is of more flexible design than the
connector, wherein the funnel has a length, wherein the funnel has a main region
extending over a substantial part of said length with the first opening angle of the
passage, and a breast-side end region with a second opening angle of the passage,
wherein, when the breast shield is not in use, the first opening angle is smaller than

the second opening angle, and wherein, when the breast shield is in the use state, at

least the first opening angle can be enlarged by axial pressure on the breast shield.

The breast shield as claimed in claim 1, wherein the funnel has a breast-side
diameter of 5 mm to 40 mm and wherein said length i1s 10 mm to 40 mm, and
therefore, in the use state, the nipple, and at maximum the areola, is surrounded by

the breast shield.

The breast shield as claimed in either one of claims 1 and 2, wherein there is a
transition region between the connector and funnel, with a third opening angle of
the passage, wherein, when not in use, the third opening angle is greater than the

first opening angle.
The breast shield as claimed in any one of claims 1 to 3, wherein the main region
directly adjoins the transition region and/or wherein the end region directly adjoins

the main region.

The breast shield as claimed in any one of claims 1 to 4, wherein the connector has
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a much greater wall thickness than the wall thickness of the funnel.

The breast shield as claimed in any one of claims 1 to 5, wherein there is an outer
stop, which protrudes over the outer circumference of the connector, in the

¢

transition region between the connector and funnel.

The breast shield as claimed in any one of claims 1 to 6, wherein the outer
circumference of the connector is designed such that it widens conically toward the

funnel.

The breast shield as claimed in any one of claims 1 to 7, wherein it is manufactured

from silicone.

The breast shield as claimed in any one of claims 1 to 8, wherein the funnel has a
Shore-A hardness of about 50 and the connector has a Shore-A hardness of abott
70.

A breast shield set with a breast shield as claimed in any one of claims 1 to 9 and .«
coupling part for receiving the connector of the breast shield in a sealing manner,
wherein the coupling part is of cylindrical design and is closed on one side by a
base such that a blind hole for receiving the connector is formed, and wherein there
is at least one port opening which is connected in terms of fluid communication to

the passage of the breast shield.

The breast shield set as claimed in claim 10, wherein, in the assembled state, a
breast-shield-remote front end of the connector ends at a distance from the base of

the coupling part.

The breast shield set as claimed in either one of claims 10 and 11, wherein the at

least one port opening is arranged eccentrically in the coupling part.

The breast shield set as claimed in claim 12, wherein the at least one port opening is

arranged in an upper region of the coupling part, and wherein the coupling part has
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a marking which defines “this side up”.

The breast shield set as claimed in any one of claims 10 to 13, wherein the blind

hole of the coupling part tapers in diameter toward the base.

The breast shield set as claimed in any one of claims 10 to 14, wherein the coupling

part is of stiff design.

A breast shield substantially as herein described with reference to the

accompanying drawings.

A breast shield set substantially as herein described with reference to the

accompanying drawings.
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