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CROSS-REFERENCE TO RELATED APPLICATIONS
18001) This application claims priority to U.S. Provisional Patent Application Serial
No. 61/786,176 filed on March 14, 2013, which is hereby incorporated by reference in s
entirety.

BACKGROUND

[8002] Unless otherwise indicated herein, the materials described in this section are
rot prior art to the claims in this application and are not admitted to be prior art by inclusion
i this section.
16663} When dircctly breastfeeding an infant is not feasible or desirable, a
breastpump system can be used to ¢xpress breast milk into a collection container. The
collected breast milk may be used right away or may be stored for later use.
{004 Breastpump systems typically include a breastshield to imterface with the
breast, & connector picee attached to a pump via tubing, and av outlet valve provided m the
milk flow path to separate the pump’s volume to which vacuum is applied (also known as the
control volame or working volume) from the atmosphere as well as from the collection
container downstream of the outlet valve.  Separating the collection coutainer from the
contro] volume via the outlet valve generally serves to prevent undesirable vacoum lovel
changes.
[{B005] In the early days or weeks after delivery of an infant, the maternal milk supply
is Himited and includes colostrum. Colostrom production for some mothers may be as low as
mere drops of the fluid per breast per pumping session, for example. For some mothers, for
example, colostrum production may be less than 5 mb. Colostrum ingestion in the very
carlicst stages of post-partum hfe is considered to be highly valuable to the newbom infant.
Colostrum is known to contain different coutent from mature breast milk.  Colostrum

contains antibodics that are major components of the immmune system, anti-inflammatory
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agents, and growth factors that stimuilate the development of the gat.

HEIY Colostrum also has unique physical properties as compared to mature breast
milk, inchuding higher viscosity and surface adhesion. Such properties often cause colostrum
to become trapped by the various breastpomp components, sach as the connector and the
valve or sticking dircctly to a surface, for example, reducing the amount of colostrum
cellected in the collection container. Because of the tow volumes and the high nutritional and
mmunological value associated with colostrum production, reduced colostrum yield through
the breastpump system due to trappings within the milk flow path may be more of an jssue
than a loss of mature milk for a more mature baby.

18807 Additionally, during expression of mature milk, lower-fat foremilk is first
gxpressed, followed by higher-fat hindmilk, If one wanted to observe the transition from
foremilk to hindmilk, taking portions of expressed mulk at diserete time points during the
punping process may be required. This type of portioning would be jnconvenierd given
current systems. Such portions may be desired for analysis or for storage and later
administration, such as administering higher-fat milk to babies that require high calorie

feedings for example.
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SUMMARY
{6648} The present disclosure is directed to a breastpump system for small volume
collection that provides a simplified breast milk flow path, allowing breast milk io flow
directly from the breastshield to a cellection container without leaving the pump’s control
volume. In the present breastpump system described herein, a relief valve is present, outside
of a simplified milk flow path, which does not contact breast mitk prior to the milk reaching a
collection vessel
{8069} In one aspect, a system for milk collection is provided. The system comprises
a breastshield and connector assembly, having a first opening at a fust end configured to
receive at least part of a woman’s breast, a second end comprising a second opening
configured to receive a connection to a vacuum source, and a third opening distal to the first
end. A first container for collection of milk having a port is attachable to the third opening
and 18 in fluid commmunication with the third opeving when attached. A breastoilk bottle may
also be present as a second collection container and may be attached to the breastshicld and
connector assembly through a fourth opening.
18614] In another aspect, @ method is provided. The method comprises receiving
expressed breast milk via a breasishield and connector assembly, providing a fivst flow path
through an interior of the breastshield and connector assembly and via a hole into a first
collection container, and providing a second flow path through the interior of the breastshield
and connector assembly, a valve, and into 3 second collection container. At lecast a portion of
the second flow path follows the first flow path. The sccond flow path extends across at least
a portion of the hole.
18011 In another aspect, @ method is provided. The method comprises receiving
expressed breast milk via a breasishicld of a breasishicld and connector assembly, providing a

first flow path through an interior of the breastshield into a hole of the breastshicld and

[SFS]
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connector assembly, and collecting the expressed breast milk into a syringe-style container
coupled to the hole.

{8012} In yet another aspect, a breasipump kit is provided. The breasipump kit
comprises a breastshicld for receiving expressed breast milk therethrough, a connector
attached to the breastshicld and configured for fluid conwnunication with a source of vacuum,
a valve in fluid comunwmication with the connector and an atmosphere outside of the
breastpurp kit, and a container. The expressed breast milk moves along a flow path from the
breastshield through the connector and into the container, and does not tlow through the valve.
18613} These as well as other aspects, advantages, and aliernatives, will become
apparcut to those of ordinary skill in the art by reading the following detailed description,

with reference where appropriate to the accompanying drawings.
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BRIEF DESCRIPTION OF THE DRAWINGS
18014) Figure 1 is a perspective view of an example breastpump system,
accordance with an cxample ermbodiment.
[6815] Figure ZA is a side view of a small volume collection container with a
breastshicld and connector assembly, in accordance with an example embodiment.
8016 Figure 2B is a side view of a small volume collection container attached to a
breasishield and connector assembly, in accordance with an example embodiment.
18817} Figure 3 15 a cross-sectional view of a small volume collection container, in
accordance with an cxample embodiment.
[8818] Figure 4 is a cross-sectional view of a breastpump system, in accordance with
an example embodiment.
{8819 Figure 5 is a schematic of an adjustable valve that may be used with the
breastpunup system of Figure 4, in accordance with an cxample crobodiment.
{8628} Figure 6 is a cross-sectional view of a breasipumyp system, in accordance with

an example embodiment.

RN
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DETAILED DESCRIPTION

{8621} Example breastpump systems are described herein. It should be understood
that the words "cxample" is used hercin to mean "serving as an cxample, instance, or
iustration.”  Any embodiment or feature described herein as being an "example” is not
necessarily to be construed as preferred or advantageous over other embodiments or features.
In the following detailed description, reference is made 1o the accompanying figures, which
form a part thereof. In the figures, similar symbols typically identify similar components,
unless context dictates otherwise. Other embodiments may be utihized, and other changes
may be made, without departing from the spitit or scope of the subject matter presented
herein.

6822} The example embodiments described herein are not meant to be limiting, Rt
will be readily understood that the aspects of the present disclosure, as generally described
herein, and illustrated in the figures, can be arranged, substituted, combined, separated, and
designed in a wide variety of different configurations, all of which are explicitly

contemplated herein,

Overview

8623} The present disclosure provides a simplified flow path through a breastpump
system. Such a simplified flow path may facilitate collection of small vohunes of liquid
{small volume collection), for example. A collection vessel or container may be prescont
mside the pump’s working volume (also known as the control vohume) and may be tailored
for a typical colostrum or otherwise smaller hquid collection. Although the system may be
optimoized for small volume collection, it may be used for any volmme of liquid collection
where simplification of the flow path is desired. Maximizing vield of small volumes of

expressed milk while preserving breastpomp functionality may be desired v collecting

<
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colostrinm, taking discrete milk samples or portions, or other apphications.

18024) Figure 1 is a perspective view of an example breastpump systemn 100, in
accordance with an cxample embodiment.  The breastpump system 100 comprises
breastshiclds 11{} assembled to connectors 120, valves 125, and tubing 140 attached to both
the connectors 120 and a pump 130, The breastpump system 100 is an clecmically-driven
breastpuinp that further includes an clectric motor that plags o standard house current
and/or operates off of battery power. Coliection containers 150 are attached to the connectors
120.

18625] The basic construction and operation of breastpurap systonms or assemblics are
well known in the art, such as the breastpumps described in ULS, Pat. No. 6,547,756, U.S. Pat.

7,727,182, and U.S. Pat. No. 6,387,072, which are hereby incorporated by reference in

thewr entirety.

i Example Small Volume Collection Containers and Svstems

16828} Figure 2A is a side view of a first collection container 210 with a breastshield
and comnector assembly, comprising a breastshield 220 and a comnector 230, in accordance
with an example embodiment. The first collection container 210 may be a small volume
collection container.

{8827} The connector 230 is also shown attached to the breastshield 220 at the distal
end of the breastshield 220. The connector 230 may be attached o a pump (such as a pomyp
for generating a vacuum} via tobing, as depicted in Figure 1. The pump and tubing may be
the same as or similar to the pump 130 and tubing 140 of Figure 1. o an altcmative
embodiment, the pump may comprise a manually driven breastpump.

[8028] The breastshield 220 comprises a first opening 221 at a first end 223 and a

second opening 225 at a sccond end 227. A third opening 222 may be present in the
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breastshield as shown in Figire 2A. In another embodiment, the third opening 222 may be
present in the commector 230 or at a junction between the comnector and breastshield. The
first opening 221 is configured {o receive at least part of a woman’s breast. The second
opening 225 s configured to mate the conpector 230 and may be positioned s0 as to be
substantially in-line with at least a portion of the first opening 221, In the embodiment
shown in Figure ZA, the third opening 222 cxtends through a side of the breastshield 220,
however, as previously discussed, the third opening 222 may extend through a side of the
connector 230 or through a junction between the connector 230 and the breastshicld 220, The
third opening 222 is shown to be substantially orthogonal from the first and the second
openings 221, 225. The thitd opening 222 may be located along the portion of the
breastshicld and connector assembly that is distal to the breast when the breastshield 220 is
positioned on a user's breast. The breastshield and connector assembly may attach to a
second collection container via a fourth opening at 228, In one example cmbodiment, the
connector 230 comprises the fourth opening 228. The fourth opening 228 may comprise a
screw thread or other attachment mechanism that mates with a corresponding screw thread or
other attachment mechanism on the exterior surface of the second collection container. In
some example embodiments, the second collection container is a bottle for breastmilk, In
other example embodiments, the sccond collection container is a bag for breastrmlk.

[B029] The first collection container 210 comprises a first end 212 that includes a port
and a second end 214 which serves as the base of the first collection container 210,

18834} Figure 2A depicts the first collection container 21{ positionged under the third
opening 222 so that the port of the first collection container 210 15 in fluid communication
with the third opening 222, The first collection container 210 is positioned in this maoner so
as 1o be within a first flow path 216 of expressed breast mitk when the breastshicld 220 is

placed on a user’s breast for use. Thus, a shortened or minimal flow path is formed as the
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first flow path 216 wherein expressed breast milk flows throogh a portion of the breastshield
220, through the third opening 222 of the breastshield 220, and into the first collection
container 210, This first flow path 216 may alsc be described as a stmaplified flow path as the
expressed breast mitk does not travel through the conmnector 236, valve, or other various
components prior to being received into a collection container. Such a simplitied flow path is
desirable for maximizing collection of valuable colostrum that, as previously described, is
Himited in quantity and has qualities vendering it more likely to become trapped in the various
components as the colostrum travels along a flow path.

18031} In the cxample embodiment depicted in Figure 2A, the first collection
container 210 is integral with the breasishield 220, In such an example embodiment, the first
collection container 210 may be manufactured as a depressed portion of the breastshield 220.
Alternatively, the first collection container 210 may be a separate picce that is attached to or
mserted into the breastshield 220 or connector 230, In another embodiment, the first
collection container 210 may be located inside of the breastshield 220 or connector 230,
18832} In operation, when a breast is positioned within the interior of the breastshield
220 and breast milk is expressed, the breast milk will first flow via the simplified flow path
wnto the first collection container 210, I expressed breast milk fills the first collection
container 210 (to the first end 212) and the first coliection container 210 15 not empticd, any
subsequently expressed breast milk will simply follow a second flow path 218 across the port
at the first end 212, through the connector 230, and into the second collection container
{which may be a larger collection vessel or container) attached to the connector 230 at the
fourth opening 228.

18633} Collection containers such as the first colicction container 210 may comprisc a
varigty of sizes to accommodate differing ranges of Hquid {e.g., colostrum) collection. For

example, the first collection container 210 may be sived to hold a volume as small as 1

9
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pitlliliter (mbL). Various sizes of first collection containers 210 may be envisioned to hold or
accommodate volumes within the range of about 1 — 25 ml.. A user may have a variety of
sizes of first collection containers 210 available from which to select to accommodate the
user’s collection needs.

[B834] In some embodiments, the first collection container 210 may be made to
comprise & variable volume by incorporating a mechanical element that changes the size or
shape of the collection container. Such a mechanical clement may comprise a corrugated
wall that 15 expanded by a mechanical arm or spring-loaded member, a double-walied
container that slides apart to expand the volume via a mechanical arm or spring-loaded
member, or a flexible wall container that s stretched to a larger size by a mechanical arm or a
spring-loaded member, for example.

{8835] Thus, n the embodiment shown in Figure 24, a small volume of breast nulk
may be collected without the breast milk having to pags through components such as a valve,
which would risk trapping some of the breast milk or colostrum. Such a collection container
210 may serve to change the volume of the collection container to respond to different
volumes of milk produced. The collection container 210 may serve to change the overall
control volume within the breastpumyp system to keep vacuum levels stable.

{6836} Figure 2B is a side view of a small volume collection container 240 attached
to a breastshield 250, in accordance with an example embodiment. A comnector 260 is also
shown saitached to the breastshicld 250. The connector 26{ may be attached to a pump {such
as a vacuwm pump) via tubing (not shown). The pomp and tubing may be the same as or
similar to the pump 130 and tubing 140 of Figure |

18437 The collection container 240 is shown to be located along the portion of the
breastshield 250 that is distal to the breast when the breasishield 250 is positioned on a user’s

breast, at a location 262. In another example embodiment, the collection container 240 may

10
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be present at another location within the control volume, and may even be present within the
breastshield. The collection container 240 comprises one or more sidewalls 241, a first end
242 comprising an opening, and a second end 244 comprising & bottom surface which serves
as the base of the collection container 240.

{8838 The breastshicld 250 may take the same form as or be similar in form to the
breastshield 220 of Figure 2A and may include an opening 252 that may take the sarae form
as or be similar in form to the third opening 222. The furst end 242 of the collection coniainer
240 may be removably attachable to the opening 252 of the breasishield 250 of the
breastshield and connector assembly, thereby positioning the opening 252 at the first end 242
in fhiid communication with the interior of the breastshield 250, The first end 242 of the
collection container 240 may comprise a screw thread and may be attached to the breastshield
250 via a corresponding screw thread on the opening 252, Other attachment means or
mechanisms may also be envisioned. For example, the second end 244 may have a sohd
bottom, or may have a closable opening such as via a screw thread and cap, or other
attachment means.

1643%9] The collection container 240 may be discomnected from the breastshield 250
during or after the pumping session. To accommodate the collection container 240 being
able to be discomnected during a pumping scssion, the opening 252 may nchide a cap to
close the opening.

{6044 In some cmbeodiments, the collection container 240 may be one of a sot of
removable collectors that the user can install based on expected volome changes. The
removable containers may comprise varying volumes. In one example embodiment, the
removabie collection container 240 may be a syringe-styic collector which may be used for
later direct feeding to an infant. The collection container 240 may be sized to hold a

collection volume of liguid within the range of about 1 — 25 milliliters,
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{8041} In the examples deseribed 1n Figures 2A-2B, the breastpump system may be
configimed to provide for prediciable and acceptable levels of pressure (e, vacuum)
variation. For example, vacuum variation may be limited to an acceptable range through
miniizing the collection volome to a pre-determined vahie,  Additionally, vacuum level
changes inherent to the embodiments of Figures 2A-2B may be leveraged for incrcased
vacuum performance as the coliection countainers 210, 240 fill. For exanple, collecting guid
imside of the control volume will increase the vacuum levels. A user may become amenable
to higher vacoum performance as the user becomes used 1o the pump’s action. Furthermore,
this tnherent vacuum increase may empty the breast more quickly during the later part of the
pumping session, which may be desired.

{88421 Figure 3 is a cross-sectional view of a small volume collection container 310
n fluid communication with a breastshicld 320 and a connector 338, in accordance with an
example embodiment. Figure 3, similarly as Figures 2A-28, shows an example embodiment
in which the collection container 310 is configured to collect breast milk inside of the conirol
volume of the breastpump system and provides a simplified flow path to maximize a
collection. In this embodiment, the collection container 310 is attached to a distal end 322 of
the breasishield as well as to the connector 324,

[6843] In Figure 3, the coliection container 310 has a cup or bowl-like shape 312 for
collecting colostrum or small volumes of breast milk or higuid. Ligquid falls from an opening
333 in the connector 330 into the bowl-like shape 312 until the collection container 310 is
filled to a top edge 314 of the collection container 310, An outlet valve 332 is located above
or upstream of the top edge 314, The outlet valve may comprise a flap or 2 membrane
covering an opening, 1o some example crobodiments. This outlet valve allows air to flow out
of the control volume during part of the pump’s normal operation process. Thus, fluid

entering the coliection container 310 will not immediately pass through the outiet valve 332,

12
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18644} After the collection container 310 1s filled to a desired level at or below the top
edge 314, the collection container 310 may be removed by the user for use and/or storage. A
second collection container 344 for collecting a subsequent, and in some cascs, larger volume
of hquid, may be attached to the comnector 330 for use. The second collection container 340
may be attached so as to surround the portion of the connector 330 comprising the outlet
valve 332 and to catch overflow from the collection countainer 310 or volumes larger than the
collection container 310 can handie. These larger volumes may flow through the outlet valve
332 to reach the second collection container 340,

18045] Because a pump’s vacoum performance is dependent on the size of the control
volume, collection inside of that volume may cause variations in vacuum performance. To
mitigate these potential variations, a user-controlled adjustment feature may further be
meluded to vary the control volume or an inlet valve until a predetermined, specific pressure
is reached, which then causes the inlet valve to open to the atmosphere.  Such a specific
pressure may also be known as the activation pressure or crack pressure. The action of an
miet valve may modify or stabilize the pump’s vacuum performance, and may comprise a
user-conirolled adjustment feature as described with reference to Figures 4 and 5. In such
embodiments, a sensor may also be present to detect the pump’s vacuum setting, an initial
pressure level, and/or an incoming hguid volume. Example sensors for this type of
application may inclade pieroelectric materials, fluid temperature sensors, and barometric
SeNSOTS.

{8046} In another example embodiment, a sensor may be coopled with a mechanical
or electromechanical component on the breastpump system to adjust the mlet valve activation
or crack pressure or the comtrol volume, thus stabilizing the vacuum performance
sutomatically. Examples of such mechanical or electromechanical components may include

metailic spring materials, clastomers, or shape metal suach as nitinol.
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{68471 Such small collection containers may be smaller in size and vohime than arg
typically provided for use with breastpumping kits. This can provide more realistic volame
expectations for the user and encourage the user that the volume produced is sufficient, such
as in the example when a mother is pumping colostrum,

{8848 Moreover, fluid coliection is simplified with the embodiments of Figures ZA-
3. Milk flows directly from the breastshield ioto a collection container, without passing

through components such as a valve and/or a membrane.

HER Example Breasipump Svetems for Small Volume Collection

18049] Figure 4 is a cross-sectional view of a breastpump system 400, in accordance
with an example embodiment. The breastpump system 400 may be a breasipumyp kit that
melades a breastshield 410, a conmector 420 comprising a first end 421 and a second end 422,
and a tube 430 connected to & pump mechanism (not shown). Components of the breastpomp
system 400 may take the same form as or be similar in form to the system 100 of Figure 1. A
collection container 428 may be provided for milk collection and can be attached at the
second end 422 of the connector 420.

[3858] In the example embodiment shown in Figure 4, s rclief valve mechanism
situated outside of the fluid flow path 440 is present on the connector. The relief valve
mechanism 440 comprises an inlet valve (such as the inlet valve shown in Figare §) that
opens the breastpurap system 400 to the atmosphere and a spring-loaded member 442 that is
configured to move when a specific pressure is reached {e.g., the crack pressure). The valve
mechanism 440 may be at a location different from that shown in Figore 4 that is not within
the milk flow path. The valve mechanism 440 functions similar fo a vacunm regulator. The
tabe 430 is attached at a first end 432 to an opening 423 in the connector 420 and is in fluid

communication with the connector 420, the breastshield 410, and any attached coliection

14
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container via a pathway 424. The pathway 424 may comprise a tube that is open at a first end
426 to the connector interior and a second end 427 that 15 attached to the spring-loaded
member 442. The spring-loaded member 442 is in turn connected (o an adjusting mechanism
444,

{B051] The spring-loaded member 442 may be attached to a control mechanism 444
that allows for the crack pressure of the valve to be adjusted. For exanple, & user can
manipulate the control mechanism 444 to maich a pressure for the valve 440 to the pomp’s
vacoum setting. The control mechanism 444 may be a switch, a knob, or the like, and may
comprise values indicative to a user of vacoum levels. Other deostred pressure values may
also be set. Safety features may be included that limit the vacuum to low levels, or to fovel
zery, at the beginning of the pumping session to protect a user from high vacinm levels with
the control mechanism 444, The control mechanism 444 may include a sensor to measure
fime, pressure, volume of pumped milk or another pararefer important to the milk expression
process. Such a sensor may be connected to an indicator that informs and/or prompts a user
to adjust the vacoum level.

18052} In operation, as breast mitk is expressed into the breastshield 410 and through
the connector 420 into a collection container, as shown by a simplified path 450, the vacuum
fevel variation that occurs as the vohume of the collection container is filled may be mitigated
by the adjustable valve. When the vacoum level reaches the specific pressure set for the
spring-loaded member 442, the spring-loaded member will operate as described in further
detail below with respect to Figure S to open the inlet valve.

{8653} Additionally, a sensor may be present to detect the pump’s vacuum setting, an
mitial pressure level, and/or an ncoming liguid volume. Example sensers for this type of
application may include picroelectric materials, fluid temperature sensors, and baromeiric

sensors. Other types of sensors may also be used.

ot
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{8054} In another example embodiment, a sensor may be coopled with a mechanical
or electromechanical component on the breastpump system to adjust a predetermined
pressure, such as the valve activation or crack pressure, or the control volume, thus
stabilizing the vacoum level automatically. Examples of such mechanical or
electromechanical components may include metallic spring materials, elastomers, or shape
metal such as nitinol. Other types of materials may also be used.

{6855] One benefit of the embodiment described in Figure 4 is the valve mechanism
i8 not placed nto contact with milk flow, while remaining compatible with key features of the
breastpump sysiern, such as the breastshield and connector asserably, primary collection
container and secondary collection container. Thus, fluids such as colostrum, which as
previously discussed may adhere more readily to components such as imline valves, would
not come into contact with the valve mechanism in Figure 4, and the colostrinn that counld
potentially be lost in the breastpump systern would be decreased.

[6056] Additionally, fluid coliection is simplified with the embodiment of Figure 4.
Milk flows directly from the breastshield mto a collection container, without passing through
componenis such as an imhine valve and/or a membrane. A mother who may be
nexperienced with breastpump use will not have to connect and disconnect as many parts of
the breastpump kit. Furthermore, a user typically cleans pump parts after each pomping
session.  Since the valve and any large collection container are not in-line with the small
collection volume, cleaning these components afier cach use may be simplified or rendered
annecessary for small-volume collection.

18057} Yet another advantage to the embodiment of Figure 4 is that the control
mechanism of the adjustable valve is present on the connector and/or the breastshicld of the

breastpump system. A user can thus make adjustments to the pressure on these components
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mstead of having to interface divectly with the main pump unit doring pumping.
Additionally, pressure adjustments can be made independently for cach breast.

{8858] Figure S is a schematic 500 of an adjustable valve configuration that may be
used with the breastpump kit of Figure 4, in accordance with an example embodiment. In
Figare 5, a pump 510 is in fluid commumnication with a control volume 520, such as that
within the assembly of Figure 4. A tube such as the tube 430 may provide the fluid
connection between the pump 510 and the control volume 320

18059) In the schematic 500, a sealing element 530 covers an opening 522 that
connects the contrel volume 520 to the atmosphere 540, and s attached to an clastic element
550, which in turm is attached to an adjustment mechanism 560. The clastic clement 550 may
be the same or similar to the spring-loaded member 442 of Figure 4. The adjustment
mechanism 560 may be the same or similar to the control mechanism 444 of Figure 4.

18064] The scaling clement 530 may be an o-ring, in one cxample embodiment.
Other types of sealing eloments may also be envisioned, however.

{8861} In operation, a user adjusts the adjustment mechanism 560 to a desired
vacuun level for operation of the breastpurap system.  Mamual manipulation of the
adjustment mechanism 560 changes the force on the elastic element 550, The adjustment
mechanism 560 may be a switch, a knob, or the like, and may comprise values indicative to a
user of vacuum levels. When the spring force of the elastic element 5350 holding the sealing
clement 530 in place is exceeded by the vacuum-generated force from the pump 510, the
sealing clement 530 moves to uncover the opening between the control volume 520 and the
atmosphere 540, Other adjustable valve mechanisms that combine elastic elements, rigid
elements and inlet orifices may also be envisioned.

18062} Figure 6 is a cross-sectional view of a breastpump system 600, in accordance

with an example embodiment. The breastpump system 600 compriscs a breastshield 610, a
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connector 620 attached to the breastshield 610, a pump tube 630 attached to the connector
620, and a collection contamer 640 that is also attached to the connector 620.

[8063] The connector 620 inchides an air-path 622 that has as an opening 623
between an interior 624 of the connector 620 and the atmosphere, and extends via a tube 625
through the interior 624 of the connector 620, The pump tube 630 may be nserted futo the
opening 623. A perforated member, such as a gas-permeabic membrane 650 may be attached
io the wbe 625 and may extend into the atiached coliection container 640.

18064] The embodiment of Figure 6 provides for mechanically sensing of the
meoming liquid volume and using the presence of the incoming liquid to progressively adjust
the vacuum level. Breast pumps evacuate a conirol volume through an indet orifice, usually
the tubing mmer diameter. If the orifice s {oo small, the pump’s ability to draw air will be
stunted, and less vacuum will be generated.

18065 The perforated maerher {represented here as a gas-permeable membrane) 650
comprises a series of vacuum inlet holes that allow for air passage therethrough but are too
small for the passage or penetration of liquids such as breast milk (inchuding colostrum). The
perforated member 630 serves as an extension of the tubing inner diameter. Any submerged
portion of the perforated member 600 will not be available for air flow, thus decreasing the
amount of air flow as the liquid level increases. The increasing hquid also decreases the
control volume, which potentially increases vacuonm if left unmitigated. The decreasing miet
vacuum orifice and decreasing control volume may counterbalance cach other and keep the
vacaum level stable.

{8866} Liguid 644 tlows along an example flow path 646 into the collection container
640, As the liguid 644 flows and fills the collection container 640, the permeable membrane

630 is gradually covered, conirolling vacuum variability as described above.
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{8067} {Other embodiments for mechanically sensing incoming Hquid and controlling
vacuum levels may be envisioned. For example, a floating member that rises with the hquid
fevel may be connected to another member that enlarges the control volume, reduces the
vacuum et orifice, or increases the vacuum relief orifice as the liquid fills a collection
container. In another example, the mass of the incoming Hqguid may be used as a signal to
modify control volome or functional orifices.

[6068] While various aspects and cmbodiments have been disclosed herein, other
aspects and embodiments will be apparent to those skilled i the art. The various aspects and
embodiments disclosed herein ave for purpeses of illusiration and are not imtended 1o be

limiting, with the truc scope and spinit being indicated by the following claims.
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CLAIMS

{claim:
i A system for milk collection comprising:

a breastshield and commector assembly, with the breastshield having a
first opening at a first end configured to receive at least part of a woman’s
breast, a second end having a second opening configured to receive the
conmector, a thivd opening in the breastshield and conmector assembly distal to
the first end of the breastshicld, and the connector having a fourth opening 1o
which a second container is connected;

a source of vacuum adapted for commumication with the breastshield
and connector assembly; and

& first container comprising a port, wherein the port is in fluid
comununication with the third opening and within a control volume of the
breastshield and connector assembly.

2. The system of Claim 1, wherein the third operdng is located within a flow path
for expressed milk where the milk does not travel through an outlet valve prior {o being

received into the first container.

Lrd

The system of Claim 1, wherein the fivst container s vemovably attachable to
the breastshield and connector assembly.
4. The system of Claim 1, wherein the first container is sized to receive at least |

mi. of fluid.

5. The systom of Claim i, wherein the first container is sized to receive up to 25
mL of fluid.
5. The system of Claim 1, further comprising a set of collectors of different sizes,
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cach being configured to serve as the first container.

7. The system of Claim |, wherein the first container comprises a mechanical
clement that changes the volume of the first container by changing the size or shape of the
first container.

8. The system of Claim 1, wherein the fivst container comprises a variable
volume element that changes the size or shape of the first container.

9. The system of Claim i, wherein the first container is a syringe-style collector

10, The system of Claim |, wherein the breastshicld and connector assembly is
connected 1o a mechanism that increases a volume of air withio the control volume as fluid
volume increases within the systen.

1. Amethod comprising:

recetving expressed breast milk via a breastshield;

providing a first tlow path through an interior of the breastshicld and
connector asscmbly via a hole into a first collection container; and

providing a second flow path through the interior of the breastshield, a valve,
and a second collection container;

whercin at least a portion of the second flow path foliows the first flow path
and wherein the sccond flow path extends across at least a portion of the hole.

12, The method of Claim 11, further comprising:

applying suction force to the breastshield to express the breast milk from a
breast.

13. The method of Claim 11, further comprising:

directing expressed breast milk into the small volume container until the first
coliection container is filled via the first flow pathy

continuing to provide for a flow of breast milk above the filled first collection
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container via the second flow path.
14 The method of Claim 11, further comprising:
coupling an initial small volume collection container to the hole; and
after removal of the initial small volume collection container from the hole,
coupling a subsequent small volume collection container to the hole.
15. A method conprising:
receiving expressed breast milk via a breastshicld of a breastshield and
connector assembly;
providing a first flow path through au foterior of the breastshicld info a hole of
the breasishield and connector agsembly; and
collecting the expressed breast milk into a syringe-style container coupled to
the hole.
16. The method of Claim 15, further comprising:
providing a suction force to the breastshield;
removing the syringe-style container from the breastshield; and
providing contents within the syringe-style container to an infant.
17. A breastpumyp kit comprising:
a breastshield and connector assembly, comprising:
a breastshield for receiving expressed breast milk therethrough;
a comnector attached to the breastshicld and configured for fhiid
comunumication with a source of vacuum;
a valve iIn thid commumication with the commector and an atmosphere
outside of the breastpuoy kit; and
a container;

wherein the expressed breast milk moves along a flow path from the
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breastshield and into the container, and does not flow through the valve.

I8 The breastpump kit of Claim 17, wherein when the container 15 filled, the
container clicits a controlied amount of vacuum variation.

19, The breasipump kit of Claim 17, fiwther comprising a spring-loaded member
configured to move when a predetermined pressure is reached.

20, The breastpump kit of Claim 19, wherein the spring-loaded member 15
attached to a control mechanism that provides for a predetormined pressure of the valve or a
volume of a compartment to be adjusted.

21 The breastpunp kit of Claum 17, further comprising a sensor to detect any of:
g breastpomp vacuum setting, an initial pressure level, and an incoming hiquid volume.

22, The breastpump kit of Claim 21, wherein the sensor is coupled with an
adjustment component to automatically adjust the predetermined valve pressure or control
volume.

23, The breastpump kit of Claim 17, wherein the valve is within a chamber of the
breastshield and conmector asserbly located outside of the flow path.

24. A breastpuiop system comprising:

a breastshicld and connector assembly, wherein the breastshield reccives
gxpressed breast milk;
a first flow path through an nterior of the breastshicld into a hole of the
breastshield and conunector assembly; and
a syringe-style container coupled to the hole to collect the expressed breast

muik.
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