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BREAST PUMP SYSTEM AND METHODS

FIELD OF THE DISCLOSURE

[0001] The present invention relatesto an automated method of pumping milk from abreast.
The present invention also relates to an automated system for controlling pumping cyclesto
pump milk from abreast. The present disclosure generally relates to a portable, hands-free,
discrete, self- powered and energy efficient breast pump system and method for collecting

milk from abreast of a nursing mother.

BACKGROUND OF THE DISCLOSURE

[0002] Asmorewomen become aware that breastfeeding isthe best source of nutrition for a
baby, and also offers health benefits to the nursing mother, the need is increasing for breast
pump solutionsthat are user-friendly, quiet, discrete and versatile for use by anursing mother
in various situations. Thisis particularly true for the working mother, who is away from the
homefor eight to ten hours or more and needsto pump breast milk in order to haveit available
for her baby, but it isaso arequirement for many other situations where the mother is away
from the privacy of the home for an extended period, such as during shopping, going out to
dinner or other activities.

[0003] Although avariety of breast pumps are available, most are awkward and cumbersome,
requiring many parts and assemblies and being difficult to transport. Hand pump varietiesthat
aremanually driven are onerousto use and can be painful to use. Some powered breast pumps
require an AC power source to plug into during use. Some systems are battery driven, but
draw down the battery power fairly rapidly as the motorized pump continuously operates to
maintain suction during the milk extraction process. Many of the breast pumps available are
clearly visible to an observer when the mother isusing it, and many also expose the breast of
the mother during use.

[0004] There is a continuing need for a small, portable, self-powered, energy efficient,
wearable breast pump system that is easy to use and is discrete by not exposing the breast of

the user and being invisible or nearly unnoticeable when worn.
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[00044] It isgenerally desirableto overcome or ameliorate one or more of the above described

difficulties, or to at least provide a useful alternative.

SUMMARY OF THE DISCLOSURE

[0004b] In accordance with the present invention, thereis provided an automated method of
pumping milk from a breast, the method comprising:

forming a seal between a breast pump system and the breast;

pumping milk expressed from the breast through a conduit; and

maintaining at least alatch suction on the breast throughout a pumping session.
[0004c] In accordance with the present invention, thereis also provided an automated system
for controlling pumping cycles to pump milk from a breast, the system comprising:

abreast adapter configured and dimensioned to form a sea with the breast;

a storage container for storing the milk pumped from the breast; and

aconduit in fluid communication with, and interconnecting the adapter and the storage
container;

wherein at least alatch suction is maintained throughout a pumping session.
[0005] Briefly and in general terms, the present disclosure is directed towards breast pump
systems and methods. The system includes breast contacting structure, acollection container
and structure that extracts milk from a breast and delivers the milk to the container. The
method involves extracting milk from a breast and delivering the milk to the collection
container.
[0006] In one approach, a method of pumping milk from a breast involves forming a sed
between a breast pump system and the breast, and pumping milk expressed from the breast
through a conduit. A driving force may also be included and created by expansion of the
conduit that was previously compressed to generate suction that drives expression of milk
from a breast. The driving force may also be generated by pulling on the conduit that was
previously compressed. Expulsion of expressed milk can be achieved by the application of a
relative positive pressure to a portion of the conduit. In one particular aspect, suction applied
to the breast for expression of milk involves a first suction level, and during expulsing, a

second suction level ismaintained against the breast, the second suction level being lower than
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the first suction level.

[0007] In various of the disclosed embodiments, the system defines a natural breast profile.
The natural breast profileis contemplated to fit comfortably and conveniently into abraof a
user and to present a natural look. As such, the profile is characterized by having a non-
circular base. Moreover, like natural breasts, the profile of the device or system is
contemplated to define one or more asymmetric curves and off-center inertial centers.
[0008] The disclosed method can alternatively or additionally involve one or more of
providing asubstantially liquid tight path between a breast through a conduit, compressing a
portion of the conduit and reducing compression where returning the conduit to an
uncompressed state generates suction sufficient to extract milk from a breast. Pumping can
also involve compressing asecond portion of conduit to generate pressure. A one-way valve
between the conduit and a storage can be provided to prevent backflow of milk and air.
[0009] A pump device can be placed in contact with a breast and connected to a storage
container. Each of the pump device and storage container can be sized and shaped to be
received within auser's bra. In one approach, the storage container is positioned between the
pumping structure of the device and auser's bra. In other approaches, the storage container is
configured about pumping structure, or can be positioned between pumping structure and the
user's breast. Pumping of milk from a breast can occur without creating a change in a total
mass and volume of the breast, pump device and storage container. The storage container can
be one or more of flexible, or positioned around the breast. A driving mechanism can also be
defined by a roller configured to maintain fluid connection between proximal and distal
portions of conduit. The driving mechanism can alternatively include a single compression
driver and first and second one-way valvesin the conduit on opposite sides of aregion that the
compression driver is configured to compress. The system can include first and second
drivers, where the first driver compresses a first region of conduit and the second driver
compresses a second region of conduit. The first and second drivers can be configured to
intermittently compress and release compression of regions of the conduit. The driving
mechanism may aso have its movements coordinated to create pressures sufficient to drive
extracted milk. A first driver can be configured to sea aregion of the conduit when milk is
pumped, and sufficient pressure can be created in certain embodimentsto pump milk against

gravity.
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[0010] A controller can be included in certain of the disclosed embodiments. The controller
can be one or more of eectrically connected to the pump, or configured to supply power for
movements of driving mechanisms, and a battery electrically connected thereto. A pressure
sensor can be further included to sense pressure within a breast adapter and in certain
embodiments, the pressure sensor can be in e ectronic communication with the controller.
Moreover, in certain approaches, the controller can adaptively control movements of drivers
with input from afeedback |oop established with apressure or other sensor. The controller can
further be programmabl e to changed control settings.

[0011] The system can be configured to generate asuction forcein the range of about - 60mm
Hg, or in arange of about -120mm Hg to about -450mm Hg, or in arange of about -60mm Hg
to about -180mm Hg, or in arange of about -60mm Hg to about - 220mm Hg, or in arange of
about -200mm Hg to about -450mm Hg, or in arange of about -380mm Hg to about -420mm
Hg, or in arange of about -180mm Hg to about - 400mm Hg, or in arange of about -180mm
Hg to about -220mm Hg, or in the range of about -40mm Hg to about -70mm Hg, or in the
range of about -50mm Hg to about- 60mm Hg.

[0012] A breast adapter or pump system generally can include at |east one vibration element
configured to apply vibration to the breast, and/or at |east one heating element to apply heat to
the breast. The breast adapter and conduit can be integrally formed as a unit or can define
separate pieces. The breast adapter and conduit can further be configured to be removable
from the pump system and replaceable. A housing can befurther provided and can contain the
driving mechanism and controller. The housing also can include manually operated controls
for input to the controller, and additionally or alternatively, adisplay that is readable by the
user.

[0013] In one or more embodiments, the storage container is detachable from the system.
There can be a plurality of drivers having different shapes and sizes or lengths. A lower
surface of a driver can be V-shaped in cross-section. A driver can be attached to a breast
adapter and configured to expand the breast adapter. The breast adapter can further comprisea
first flange and a second flange, wherein a gap is formed between the flanges that prevents
milk spillage. In another aspect, insertion of the breast into the adapter and against the second
flange deflects the second flange toward thefirst flange. Also, in certain embodiments, suction

collapses the gap between first and second flanges.



10

15

20

25

30

C:\Interwoven\NRPortb\SNGDCC\TLD\184476_1.docx-19/06/2018

-5-

[0014] In certain approaches, milk extraction is halted while milk is pumped to the storage
container. Moreover, suction can be cycled to stimulate milk letdown and initiate extraction
during letdown. After apredetermined time or after cal culating an estimate of apredetermined
volume of milk having been extracted, the breast can be sealed off at apredetermined suction
level. The system can be configured such that a pumping mechanism is positioned |ess than
2.5cm from anipple of a breast, or less than 2.0cm from the nipple or less than or equal to
1.0cm from the nipple. Pumping can further or aternatively be accomplished without any
mechanical motion of the breast or nipple. Also, pumping can be carried out by a pumping
mechanism that is external to the conduit and not in fluid communication with the conduit.
[0015] Certain approaches or embodiments of the system or method can involve outputting at
least one of operational and/or sensed parameters, and modifying at least one operationa
setting based upon the operational or sensed parameters. The system or method can further
perform in real-time, or as a feedback loop. An operational setting can be one or more of
suction level setting, suction waveform definition, extraction phase time, threshold milk
volume estimate per extraction phase expulsion, pressure, rest phase time, heating
temperatures, heating times, vibration frequency and vibration times. The system can also be
configured to upload operational or sensed parameters from an external computer to a cloud
server.

[0016] Suction can be maintained at a minimum during an entire milk pumping session or
suction can beintermittent where suction isreduced to zero at |east once over theduration of a
milk pumping session. Further, the suction level can be monitored and adetermination can be
made when at |east a minimum suction level has not been maintained and the system can be
shut down. Indicators can be provided to indicate ceasing of pumping and/or to indicate when
the device is to be removed from the breast. A non-contact pressure sensor is aso
contemplated to be incorporated into one or more of the disclosed embodiments or methods.
In one approach, the sensor can define a magnetic proximity sensor.

[0017] These and other features of the disclosure will become apparent to those persons
skilled in the art upon reading the details of the specification as more fully described below.

BRIEF DESCRIPTION OF THE DRAWINGS
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[0017a] Preferred embodiments of the invention are hereafter described, by way of non-
limiting example only, with reference to the accompanying drawings, in which:

[0018] Fig. 1isanillustration of a breast pump system according to an embodiment of the
present disclosure.

[0019] Fig. 2 isapartia view of the system of Fig. 1 showing only a portion of the breast
adapter.

[0020] Fig. 3isapartial, schematic illustration of the system of Fig. 1 showing the pumping
region.

[0021] Figs. 4A-4F illustrate the interaction between compression elements and resilient
tubing, and a pumping sequence according to an embodiment of the present disclosure.
[0022] Figs. 5A-5C illustrate operation of a system having only one compression element
according to an embodiment of the present disclosure.

[0023] Fig. 6 illustrates a main body/housing of a breast pump system, without a container
having been attached or the tube and adapter having been attached, to illustrate dimensions of
the components shown, according to an embodiment of the present disclosure.

[0024] Fig. 7A illustrates a breast adapter/tube configured and dimensioned to be attached to
the embodiment of the main body/housing of abreast pump system shownin Fig. 6, according
to an embodiment of the present disclosure.

[0025] Fig. 7B illustrates abreast adapter/tube configured and dimensioned to be attached to
the embodiment of the main body/housing of abreast pump system shownin Fig. 6, according
to another embodiment of the present disclosure.

[0026] Fig. 7C illustrates a perpendicular relationship between alongitudinal axis of the teat
and the breast adapter according to an embodiment of the present disclosure.

[0027] Fig. 7D illustrates an acute angul ar rel ationship between alongitudinal axisof theteat
and the breast adapter according to an embodiment of the present disclosure.

[0028] Figs. 8A and 8B are schematic, front and side illustrations, respectively, of a breast
pump system showing placement and routing of the tube, according to an embodiment of the
present disclosure.

[0029] Fig. 9 is a schematic, side illustration of one example of a system having varying
dimensions along the length of the tube, and optionaly, varying materials from which the

various portions of the tube are made, according to an embodiment of the present disclosure.
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[0030] Fig. 10 illustrates a series of events that may be carried out in operating a system
according to an embodiment of the present disclosure, when carrying out a milk extraction
process from the breast.

[0031] Fig. 11 illustrates events that may be carried out in a control process for extracting
milk according to an embodiment of the present disclosure.

[0032] Fig. 12 schematically illustrates various sections of the tube extending from the breast
to the proximal end of the tube, according to an embodiment of the present disclosure.
[0033] Figs. 13A-13B show partial views of a system that employs a second compression
element according to another embodiment of the present disclosure.

[0034] Figs. 13C-13E show partia views of a system that employs a second compression
element according to another embodiment of the present disclosure.

[0035] Fig. 13F showsapartia view of asystem that empl oys asecond compression element
according to another embodiment of the present disclosure.

[0036] Fig. 14 shows apartial view of a system that employs a second compression element
according to another embodiment of the present disclosure.

[0037] Fig. 15 shows a partial view of a system that employs a first compression element
according to another embodiment of the present disclosure.

[0038] Fig. 16A shows a partial view of a system, according to another embodiment of the
present disclosure, in which one or both of the compression elements are attached to the tube.
[0039] Fig. 16B illustrates oneway in which the tube can be configured for attachment to one
or both of the compression elements, according to an embodiment of the present disclosure.
[0040] Fig. 16C is a partial cross-sectional illustration of the first compression element
attached to the tube, according to the embodiment described with regard to Fig. 16B.

[0041] Fig. 17A isapartia view of asystem employing another embodiment of compression
element, according to an embodiment of the present disclosure.

[0042] Fig. 17B isacross-sectiona view of the compression element in Fig. 17A.

[0043] Fig. 17C is a cross-sectional illustration of a compression element and tube being
received in achannel formed with a substantially planar or flat anvil surface, according to an
embodiment of the present disclosure.

[0044] Fig. 17D shows a cross-sectional view of a compression element and tube being

receive in a channel, wherein the anvil surface of the channel is substantialy V- shaped in
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cross-section and the compression element has acompression surface that is substantially V-
shaped, according to an embodiment of the present disclosure.

[0045] Fig. 17E shows a cross-sectional view of a compression element and tube being
receivein achannel, wherein the anvil surface of the channel is concavein cross- section and
the compression element has a compression surface that is convex, according to an
embodiment of the present disclosure.

[0046] Fig. 18isanisolatedillustration of amilk collection/storage container accordingtoan
embodiment of the present disclosure.

[0047] Fig. 19illustratesthe connection features of the tube and container that allow for easy
and rapid attachment and detachment of the container to and from the tube, according to an
embodiment of the present disclosure.

[0048] Fig. 20 illustrates a container having been capped off upon removal from the system,
according to an embodiment of the present disclosure.

[0049] Fig. 21illustrates afeeding nipple attached to acontai ner according to an embodiment
of the present disclosure.

[0050] Fig. 22 shows a bottle that the container with the nipple attached thereto inserted
therein to provide a more structural implement that is more easily used for feeding a baby,
according to an embodiment of the present disclosure.

[0051] Fig. 23isanexploded view of an alternative arrangement for installing acontainerina
bottle and providing it with afeeding nipple, according to another embodiment of the present
disclosure.

[0052] Fig. 24 is an illustration of a system installed on a breast around the nipple and
supported by abrain which the system isreceived, according to an embodi ment of the present
disclosure.

[0053] Fig. 25illustrates amilk collection container according to another embodiment of the
present disclosure.

[0054] Fig. 26 illustrates alternative locations for placement of a container, according to
various embodiment of the present disclosure.

[0055] Fig. 27A illustratesabreast pump system using adoughnut-shaped collection container
according to an embodiment of the present disclosure.

[0056] Fig. 27B isaside view of the system of Fig. 27A shown mounted on a breast.
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[0057] Fig. 28A illustrates a doughnut-shaped container having baffles intermediate of the
inner and outer surfaces of the doughnut shape, according to an embodiment of the present
disclosure.

[0058] Fig. 28B isaside view of Fig. 28A, showing a cross-sectional view of the container.
[0059] Fig. 28C illustrates aview with acontainer that does not have baffles, containing the
same volume of milk as the container with bafflesin Fig. 28B.

[0060] Fig. 28D isanillustration of acontainer showing bafflesarranged in awaffle pattern to
control the even distribution of the volume of milk as it is received, according to an
embodiment of the present disclosure.

[0061] Fig. 28E isaside view of amain body to illustrate the dimensions of the main body,
according to an embodiment of the present disclosure.

[0062] Fig. 28F isanillustration of the container of Fig. 28D mounted on the main body of
Fig. 28E, according to an embodiment of the present disclosure.

[0063] Fig. 29A illustrates a container that fits around the main body of the system and the
areola of the breast, according to an embodiment of the present disclosure.

[0064] Fig. 29B illustrates a variant of a container in which the one way valveislocated on
the outside of the annular container, according to an embodiment of the present disclosure.
[0065] Fig. 29C showsthe oneway valve and connecting portion of the container of Fig. 28B
having been folded upwardly along a baffle line to join the one-way valve to the tube of
system, according to an embodiment of the present disclosure.

[0066] Fig. 29D showsacontainer having been folded for more compact storage, according to
an embodiment of the present disclosure.

[0067] Fig. 30 shows a milk collection container that is ring-shaped to encircle the breast,
according to an embodiment of the present disclosure.

[0068] Fig. 31 A shows a breast adapter that includes a rigid portion where the nipple is
inserted, and a flexible, resilient portion, according to an embodiment of the present
disclosure.

[0069] Fig. 3 IB illustrates four different locations where the breast can be aternatively
compressed and alowed to expand by using four massage drivers, according to an
embodiment of the present disclosure.

[0070] Fig. 32A illustrates a breast adapter provided with vibration drivers according to an
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embodiment of the present disclosure.

[0071] Fig. 32B isarear view (open end) of breast adapter showing vibration drivers such as
motorsor piezoel ectric devices mounted on the breast adapter, according to an embodiment of
the present disclosure.

[0072] Fig. 32C illustrates a handheld vibration driver that is operable independently of a
breast pump system, according to an embodiment of the present disclosure.

[0073] Fig. 33 illustrates a breast adapter provided with heating elements according to an
embodiment of the present disclosure.

[0074] Fig. 34 schematically illustrates a breast adapter having a suction zone which is
flexible and formsaseal with the breast when suction isapplied, whilearigid portion receives
the nipple and areola of the breast, according to an embodiment of the present disclosure.
[0075] Figs. 35A and 35B are back end, schematic illustrations of a breast adapter showing
that the suction zone can be applied in acontinuous ring or intermittently, according to various
embodiments of the present disclosure.

[0076] Fig. 36 schematically illustrates an arrangement in which a first, relatively lower
suction/vacuum level is constantly applied by a breast adapter though a suction zone to
maintain a seal with the breast, according to an embodiment of the present disclosure.
[0077] Fig. 37A illustrates a flexible spring provided in a container to maintain an open
channel within the container, according to an embodiment of the present disclosure.

[0078] Fig. 37B illustrates aflexible poroustube provided in acontainer to maintain an open
channel within the container, according to an embodiment of the present disclosure.

[0079] Fig. 38 shows a breast adapter in which the upper half (or other upper portion) of the
adapter has different mechanical properties and/or composition than the lower half (or other
lower portion) of the breast adapter, according to an embodiment of the present disclosure.
[0080] Fig. 39A illustrates a system employing aflexible breast adapter connected to atube
which is supplied by suction/vacuum by a pump, according to an embodiment of the present
disclosure.

[0081] Figs. 39B-39C illustrate that application of squeezing action by the breast adapter to
sgueeze the breast causes the tube to temporarily collapse (see Fig. 39B) which causes a
pressure change at the nipple, and, upon rel ease of the compression forces against the breast,

the tube reopens (see Fig. 39C), according to an embodiment of the present disclosure.
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[0082] Fig. 40illustratesabreast pump system in which the pumping region 30 and container
are suspended on a lanyard worn by the user, according to an embodiment of the present
disclosure.

[0083] Fig. 41 illustrates an embodiment in which, in addition to the suction/vacuum created
by withdrawing acompression element away from the tube, the compression element isalso
mechanically linked to a portion of the breast adapter surrounding the nipple, according to an
embodiment of the present disclosure.

[0084] Fig. 42 isan exploded view showing wherethetube of the system connectstothemain
body, according to an embodiment of the present disclosure.

[0085] Fig. 43 isan exploded illustration of abreast pump system showing a pressure sensor
placed at a proximal end portion of the breast adapter, according to an embodiment of the
present disclosure.

[0086] Figs. 44A-44B illustrate operation of a pressure sensor to detect pressure within a
breast pump system, according to an embodiment of the present disclosure.

[0087] Fig. 45A illustrates a pressure sensor that can be used in a breast pump system
according to another embodiment of the present disclosure.

[0088] Figs. 45B-45C illustrate additional views of the pressure sensor of Fig. 45 A and its
operation.

[0089] Fig. 46 isaschematic representation of a pump region that may be used in any of the
breast pump systems described herein, according to another embodiment of the present
disclosure.

[0090] Fig. 47 isaschematic representation of transfer of datawirelessly from acontroller of
the system to a smartphone, according to an embodiment of the present disclosure.

[0091] Fig. 48 illustrates configuration of the connection between the container and tube of
the system for monitoring to ensure that the connection remains throughout an extraction and
expulsion session, so that milk is not lost or wasted, according to an embodiment of the
present disclosure.

[0092] Fig. 49 illustrates that the motors of the system may be provided with heat sensors
and/or motion sensorsto provide feedback to the controller asto the operating temperatures of
the motors and/or movement and/or rate of movement of the motors, according to an

embodiment of the present disclosure.
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[0093] Fig. 50illustratesapressurerelief member placed in the breast adapter, and al so shows
alternative, or additional locationsfor pressurerelief members, according to an embodiment of
the present disclosure.

[0094] Fig. 51 showsalongitudinal sectional view of abreast adapter that may be used in any
of the breast pump systems described herein, according to another embodiment of the present
disclosure.

[0095] Fig. 52A showsalongitudinal sectional view of abreast adapter that that may be used
in any of the breast pump systems described herein, and which is a variation of the breast
adapter shownin Fig. 51.

[0096] Fig. 52B isarear perspective view of the breast adapter and tube of Fig. 52A. [0097]
Fig. 52C illustrates that when the breast is engaged with the system, the lip of the system is
deflected further inwardly by the breast contact, thereby reducing or eliminating the gap and
driving milk from the gap towards the nippl e housing/nipple receiving cavity, accordingto an
embodiment of the present disclosure.

[0098] Fig. 53A isafront, exploded view illustrating abreast adapter and tube, main housing
34 and milk container 60 according to an embodiment of the present disclosure.

[0099] Fig. 53B isarear, exploded view of the componentsillustrated in Fig. 53A.

[00100] Fig. 53C isafront, perspective view illustrating the breast adapter and tube of Fig.
53A having been installed in the main body.

[00101] Fig. 53D is arear, perspective view of the components shown in Fig. 53C.

[00102] Fig. 53E illustrates afront, perspective view after attaching the container to themain
body of the embodiment illustrated in Figs. 53A-53D.

[00103] Fig. 53F isarear, perspective view of the system shown in Fig. 53E.

[00104] Fig. 53G illustrates a breast pump system using a full ring-shaped container,
according to another embodiment of the present disclosure.

[00105] Fig. 54 illustrates an assembly of the breast adapter and tube in the main body
according to another embodiment of the present disclosure.

[00106] Figs. 55A-55E illustrate the interaction between compression elements and resilient
tubing, and a pumping sequence, according to another embodiment of the present disclosure.
[00107] Fig. 56illustratesaflow sensor provided in abreast pump system to enablethe user to

check inreal time how much milk has been pumped, according to another embodiment of the
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present disclosure.

[00108] Fig. 57 illustrates abreast pump system provided with anindicator light, according to
an embodiment of the present disclosure.

[00109] Fig. 58A is afront, exploded view of a breast pump system according to another
embodiment of the present disclosure.

[00110] Fig. 58B isafront view illustrating the breast adapter and tube having been installed
in the main body.

[00111] Fig. 58C illustrates the process of attaching the container to the system.

[00112] Fig. 58D illustrates the assembled system, with the container having been connected
and fitted over the main body to conform to the contour thereof.

[00113] Fig. 58E showsthe system of Figs. 58A-58D with the container having been partially
filled with milk.

[00114] Fig. 59A is afront, exploded view of a breast pump system according to another
embodiment of the present disclosure.

[00115] Fig. 59B isafront view illustrating the assembled system, with the container having
been connected and fitted over the main body to conform to the contour thereof.

[00116] Fig. 59C is arear, exploded view of the system of Figs. 59A-59B.

[00117] Fig. 59D is a partially exploded rear view of the system of Fig. 59A, showing the
breast adapter and tube having been installed in the main body.

[00118] Fig. 59E illustrates the process of attaching the container to the tube and main body.
[00119] Fig 59F is a rear, perspective view of the system of Fig. 59A after having been
assembled.

[00120] Fig. 59G is arear view of the system of Fig. 59F after having collected milk in the
container.

[00121] Fig. 60illustrates apressure (vacuum) rel ease feature that may be provided on any of
the systems described herein, according to an embodiment of the present disclosure.
[00122] Fig. 61 is alongitudinal sectional view of a breast adapter and a portion of atube
illustrating a pressure relief valve according to an embodiment of the present disclosure.
[00123] Fig. 62 illustrates amain body of the system having a see through window to ensure
proper placement of the nipple, according to an embodiment of the present disclosure.
[00124] Fig. 63 illustrates a main body that can be at least partialy peeled away which
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maintaining aseal of the breast adapter against the breast, according to an embodiment of the
present disclosure.

[00125] Fig. 64 illustrates apair of breast pump systemsthat can be installed on both breasts
of auser, according to an embodiment of the present disclosure.

[00126] Fig. 65illustratesapair of breast pump systemsinstalled on the breasts of auser and
supported by a bra, according to an embodiment of the present disclosure.

[00127] Fig. 66 illustratesthe user of Fig. 65 using the breast pump systemswhilein asupine
position, according to an embodiment of the present disclosure.

[00128] Fig. 67 illustrates the user of Fig. 65, with a blouse worn over the breast pump
systems, using the breast pump systems while working at a work station, according to an
embodiment of the present disclosure.

[00129] Fig. 68 showsthe user of Fig. 67, with the blouse shown partially in phantom to better
shown the underlying breast pump systems and bra, according to an embodiment of the

present disclosure.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS OF THE INVENTION

[00130] Beforethe present systems and methods are described, it isto be understood that this
disclosureisnot limited to particular embodiments described, as such may, of course, vary. It
is aso to be understood that the terminology used herein is for the purpose of describing
particular embodiments only, and isnot intended to be limiting, since the scope of the present
disclosure will be limited only by the appended claims.

[00131] Where arange of valuesis provided, it is understood that each intervening value, to
the tenth of the unit of the lower limit unless the context clearly dictates otherwise, between
the upper and lower limits of that range is also specifically disclosed. Each smaller range
between any stated value or intervening value in a stated range and any other stated or
intervening value in that stated range is encompassed within the disclosure. The upper and
lower limits of these smaller ranges may independently be included or excluded in the range,
and each range where either, neither or both limits are included in the smaller rangesis also
encompassed within the disclosure, subject to any specificaly excluded limit in the stated

range. Where the stated range includes one or both of the limits, ranges excluding either or
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both of those included limits are a so included in the disclosure.

[00132] Unlessdefined otherwise, al technical and scientific termsused herein havethe same
meaning as commonly understood by one of ordinary skill in the art to which this disclosure
belongs. Although any methods and materials ssimilar or equivalent to those described herein
can be used in the practice or testing of the present disclosure, the preferred methods and
materials are now described. All publications mentioned herein are incorporated herein by
reference to disclose and describe the methods and/or materialsin connection with which the
publications are cited.

[00133] It must be noted that as used herein and in the appended claims, the singular forms

"a',"an", and "the" include plural referents unlessthe context clearly dictates otherwise. Thus,
for example, reference to "avalve" includes a plurality of such valves and reference to "the
pump" includes reference to one or more pumps and equivalents thereof known to those
skilled in the art, and so forth.

[00134] The publications discussed herein are provided solely for their disclosure prior to the
filing date of the present application. The dates of publication provided may be different from
the actual publication dates which may need to be independently confirmed.

[00135] Fig. 1isanillustration of abreast pump system 100 according to an embodiment of
the present disclosure. System 100 includes abreast adapter 10, apumping region 30 withina
main body 34, aone-way valve 50 and amilk storage container 60.

[00136] Fig. 2isapartia view of the system 100 showing only a portion of the breast adapter
10. Breast adapter 10 includes a compliant region 12 made of silicone or other compliant,
biocompatible material, such as, but not limited to polyurethane and/or pol yether block amides
(PEBAX) to provide asoft interface with the breast and a so provide asea around the areola
and nipple of the breast. Aninner housing 14 is configured and dimensioned to surround the
nipple of the breast. Inner housing 14 can be rigid, semi-rigid or compliant. Preferably the
breast adapter 10 is compliant and made from silicone or polyethylene terephthalate (PET),
although other materials and combinations of materials could be used, including, but not
limited to polyurethanes, polyethylene, high density polyethylene (HDPE), low density
polyethylene (LDPE), polyamides, polyethylene terephthal ate (PET) and/or PEBAX, For the
embodiments where there is compliance, inner housing 14 is capable of iterative ly opening

and closing during extraction of milk from the breast using system 100, thereby simulating a
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feeding cycle similar to the sequence of the tongue against the nipple when ababy is suckling.
[00137] An open segment 16 within the housing of breast adapter 10 is configured and
dimensioned to allow for at least some clearance and space in front of the nipple to permit
milk to exit the nipple even when the nippleis pulled forward by suction. The open section 16
terminates with a U-turn to double back to form an acute angle to minimize the overall
height/profile of the system 100 away from the breast.

[00138] Fig. 3isapartial, schematic illustration of system 100 showing the pumping region
30. A resilient tube 32 is in fluid communication with and extends proximally from the
proximal end of breast adapter 10. Preferably, resilient tube 32 isintegral with breast adapter
10 asshownin Fig. 1. Two active compression elements 36, 38 are operable to compress and
allow decompression of theresilient tube 32 at compressible regions 40 and 42, respectively.
Although the preferred embodiment uses two active compression elements as shown,
alternative embodiments could have three or more active compression elements. Resilient tube
32 is preferably made of silicone, but could alternatively be made from other thermoplastic
elastomers exhibiting the desired performance characteristics described herein, including, but
not limited to polyurethanes and/or PEBAX. Different regions of tube 32 may be of different
materials/material properties. The regions can all be molded of same material, overmolded,
glued or otherwise attached, constructed, etc. In at least one embodiment, the compressible
regions may have different properties from other non "active" regions - such as those non
active regions being rigid (e.g., downstream of the pumping region and/or other non-active
regions) to improve pumping efficiency by reducing energy losses due to expansion and
contraction of regions not intended to be active. The non-active regions can be made of
different materials from the active regions or otherwise reinforced. The various regions can
also be other shapes than circular in cross-section. The material(s) from which the
compression regions 40, 42 of tube 32 are made can be the same as that of the flange and
nipple housing of breast adapter 10, only differing optionally by thickness, they could be
assembled out of different materials and fused or glued together, or could be insert molded
together. Further aternatively, the material (s) from which the compression regions 40, 42 are
made can differ from one another. A factor in the choice of material and material thickness
and length is the response time required to expand the compression regions 40, 42 from a

target compressed shape/state to an original, unbiased rebound configuration (e.g., returnto a
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full cylindrical shape in the embodiments where tube 32 is cylindrical), force required to
compressto the desired target compressed shape, radial force (pressure drop) achieved when
allowing the tube 32 to self-expand, volume within the inside diameter of the tube 32 regions
40 and 42, compatibility with the materials for the remainder of the breast adapter 10 (nipple
housing), resiliency to maintain its material properties through multiple wash, aging and use
cycles, surface and depth characteristics such asmaterial transparency, clarity and texture/feel
against the skin, visual appearance, mechanical durability, tear resistance, shape memory,
soft/hardness, biocompatibility, non-reactivity and free of leachabl es, heat/cold resistance, etc.
[00139] Examples of tubes 32 include, but are not limited to: silicone tubing, such asused in
peristaltic pumps, both platinum-cured and peroxide-cured silicone tubes. Dimensions can
range greatly in inside diameter and wall thickness, but preferred embodiments can have an
inside diameter of 3/16in., ¥in. or 5/16 in. Walls may also range to impact properties, with
preferred embodiments likely in the 1/16 in. to 1/8 in. range. Inside diameters and wall
thicknesses can be varied, as needed, with ensuing appropriate lengths of tubing 32. Further
aternatively, pumping regions 40, 42 do not need to be in the shape of a cylindrical tube, or
even atubeat all, but can be any volume shapethat can be changed/compressed. For example,
the cross-section could be oval, square, trapezoid, etc. as needed to fit the device space.
Examples of tubeinside diameters, wall thicknesses and hardnessinclude, but are not limited
to: .188" ID, .063" wall, Durometer 50 shore A; .250" ID, .063" wall, Durometer 50 shore A;
.313"ID, .063" wall, Durometer 59 shore A; and .313" ID, .094" wall, Durometer 59 shore A.
[00140] Asshown, the compression elements 36, 38 comprise pistons, but alternative features
could be used to accomplish the same function, such as lever arms, screw drives, clamps,
cams, pincers, rollers, magnets, electro-magnets, linear drives, solenoids, gears, stepper
motors, or other features, respectively. The compression surfaces of the compression elements
36, 38 may be formed as flat paddles to allow complete crushing of the tube 32 without
residual volume. Alternatively, one or both compression surfaces may be formed with a"V-
shaped" edge aligned axialy with the tubing 32 to allow less force to compress tubing 32 to
the same distance of compression, relative to aflat surface paddle. Further alternatively, or
additionally, one or both compression surfaces may be formed with a cross edge
(perpendicular) to axis of tubing. This provides arelatively small surface area allowing less

forceto completely seal tubing 32 at thelocation of the crossedge. However thisalso provides
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arelatively minor volume change/pressure change capability.

[00141] One or both compression surfaces may be formed as roller paddles having curved
surfaces so that the compression action is not simply straight into the tubing 32. The roller
paddle surface can roll on the tubing 32 to seal and movein agiven direction. Dual action of
theroller can be provided, so that, initially the roller comes down in compression against the
tube 32 and seals the tube 32, which may be capable of being performed with relatively low
force. Secondarily, the roller paddle can roll the compression surface in a predetermined
direction aong thelength of the tube 32 and squeeze avolume of milk or air or combinationin
a given direction. This can be useful to maximize both increase and decrease in pressure
changes and fluid movement.

[00142] Also, although the preferred embodi ments described herein power the compression
elements 36, 38, using el ectrical power supplied by one or more batteries, aternatively, they
could be powered by AC dlectricity by plugging the system in using an AC power cord,
compressed gas, spring loaded power (which may offer waysto "hand crank™ to power w/o
electricity), gas or suction from aremote source such as atraditional breast pump uses, etc.

[00143] Each compression element 36, 38 is operatively connected to adriver

44, 46, respectively, for independent but coordinated driving and retraction of the compression
elements 36, 38. When electrically-powered drivers are used, a battery 48 is electrically
connected to the drivers 44, 46 and suppliesthe power necessary to operate the drivers 44, 46
to drive the compression and retraction of the compression elements 36, 38. Optionally, a
controller 52 may be electrically connected to the drivers 44, 46 and may be configured to
modify the operation of the compression elements 36, 38 based on input received from an
optional pressure sensor 54 (or multiple pressure sensors) that may be placed at least one
location to assess the pumping function and maintai n an acceptabl e pumping negative pressure
profilefor awide variety of milk expression volumes. Asshown, pressure sensor 54 is placed
intheinner housing 14 to measure the negative pressure within theinner housing, whichisthe
environment that the nippleisin. Alternatively or additionally, one or more pressure sensors
could be placed in tube 32 upstream of compression driver 36, in between the locations of
compression drivers 36 and 38 and/or downstream of compression driver 38. Further
aternatively or additionally, apressure sensor could be placed in tube 32 near, but upstream of

one-way valve 50. The pressure sensor 54 (and/or flow sensor or any other sensor employed) -
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may be inserted into the tube 32, but is preferably designed in such a fashion such that it

produces a signal that correlates to a pressure (or flow) but may not necessarily itself bein
contact with the fluid and/or gas generating the pressure or flow. This arrangement that does
not directly contact the milk (interior of the tube 32) is preferred to simplify cleaning of the
tube 32/breast adapter 10 or to make it cost feasible to provide the breast adapter 10/32 as a
disposable unit.

[00144] Sensor 54 is preferred to be a pressure sensor but could also be aflow, temperature,

proximity, motion sensor or other sensor capable of providing information usable to monitor
the safety or function of the pump mechanism of system 100. Preferably sensor 54 islocated
nearby where the tip of the nipple 3 islocated to determine actual pressure being exposed to
the breast 2/nipple 3, but other sensors 54 may be located within the system 100, for example,

near where the one-way valve 50 islocated, and can be used to monitor other features such as
bag or expulsion pressure or flow rate. With at least one sensor 54 present, by monitoring
either flow or pressuredirectly or indirectly and al so taking into account the cycles and actual

positions of the compression elements 36, 38 over time, it is possible to derive/calculate
approximately the volume of milk produced during a pumping session as well as understand
theflow-rate at any particular timein apumping session. The accuracy of thismeasurement is
greatest when thereisno leak of air around the breast 2 and al'so when thereis negligible air
within the tube 32, after elimination by afew cycles of the pumping mechanism.

[00145] In one system set-up, an ideal minimum suction value of a cycle is preset and a
maximum suction value of acycleis preset. Maximum suction is achieved by the opening of
one or more of the compression regions 40, 42. The greater the opening/rel ease (assuming the
tubing 32 has capacity), the greater the suction. A maximum suction for the system isachieved
when both compression regions are completely rel eased from the tubing 32, but preferably the
system 100 is designed such that the operating region would not include that stateto allow for
flexibility in suction capacity. The minimum suction is the target minimum suction at the
breast 2 at each suction cycle. When this suction is achieved, the most proximal compression
region 40 to the breast 2 is closed/seal ed and the milk expressed during the previous cycleis
expulsed by the second compression element 38 from the second region 42 through the one-
way valve 50 into the storage container 60. Thetiming of the proximal compressionisset by a

combination of milk expression rate within aspecified maximum suction achieved by thetube
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32 and the rel axation rate and state of the expansion of the tube 32. Thus milk expression sets
the pace for the pump cycle at a targeted minimum suction, whereas the degree of
compression at the various compression regions are set by maximum desired suction pressure
and duration as well as milk volume capacity within the system. Thus, in at least one
embodiment, a user can optimally set maximum peak pump pressure and maximum valley
pump pressure and the remainder of parameterswithin the system would automatically adjust
themselves based on milk expression rate and other fixed parameters within the system.
[00146] Controller 52 can also be pre-programmed for control of an operating sequence for
driving and retracting the compression members. Preferably, controller 52 is configured to
drive and retract the compression members 36, 38 via an active feedback loop, to adjust the
positions of the compression members 36, 38 as needed to establish the desired negative
pressure (i.e., suction) profilefor optimizing milk extractions. If acontroller 52 isnot used, the
drivers 44, 46 can be synchronized to run so that the compression drivers 36, 38 are operated
in a desired coordinated manner. For example, one or more pumps can be operated in a
predetermined manner without using pressure feedback. Alternatively, a different form of
feedback may be employed, such as mentioned above. Even without any feedback, one or
more compression elements may be operated in a predetermined sequenceto create vacuums.
There may be pressurerelief valves so that the vacuum level the nipple experiences does not
get too high into aharmful zone. Further optionally, pressure sensor 54 can be used to detect
pressure changesindicative of milk volume expressed to cal cul ate an approximation of milk
volume extracted.

[00147] A one-way valve 50 such as a duckbill valve or other type of one-way valve is
provided at the end of tube 32 whereit enters the milk collection/storage container 60. Valve
50 prevents back flow of milk into the tube 32, as well as preventing air from entering the
proximal end of the tube and thereby maintains the suction (vacuum) level in the tube 32. In
an aternative embodiment, a pressure relief valve can be provided in the breast adapter 10
near the nipple 3. The pressure relief valve can be configured to release at vacuums greater
than a predetermined amount, (e.g., vacuums less than -220mm Hg). The one-way valve 50
can be configured and designed such that it allow fluid to flow through it only when the
vacuum pressure is less than some threshold (e.g., pressures greater than or equal to -

60mmHg). The action of the compression elements cycles between increasing vacuum when
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the compression elements move in a direction away from tube 32 and decreasing when the
compression elements compress the tube 32, but typically should not increase the vacuum to
greater than the predetermined maximum vacuum (e.g., not less than -220mm Hg). As the
compression elements 36, 38 compress the tube 32, the pressurein the system 100 goesup and
reaches the crack pressure of -60mmHg, that opens the one-way valve 50. The compression
elements 36, 38 continue compressing tube 32, pumping fluid (milk) through the one-way
valve 50 and into the collection container 60 until the compression elements 36, 38 bottom
out. As the compression elements 36, 38 reverse direction and pull away from the tube 32,
they start the cycle again.

[00148] Figs. 4A-4F illustrate the interaction between compression elements 36, 38 and
resilient tubing 32 and a pumping sequence according to an embodiment of the present
disclosure. Theresilient tube 32 has alumen 56 configured and dimensioned to deliver milk
from the breast through the one-way valve 50 and into the milk collection/storage container
60. Asillustrated, tube 32 is cylindrical and lumen 56 iscircular in cross-section, but in other
embodiments, the lumen 56 could be oval or other cross-sectional shape. Likewise, tube 32
could have an oval or other cross-sectional shape. The cross-sectional shapes of the lumen 56
and tube 32 are typically the same, but need not be. In one preferred embodi ment, the suction
(vacuum) established by the system is established solely by theresilient, "spring-back™ action
of the tubing 32. Tubing 32 is designed and configured to establish a maximum
suction/vacuum in the range of lessthan -60mm Hg, preferably inthe range of -120mmHgto
-450mm Hg, more preferably in the range of -180mm Hg to -400mm Hg when rebounding
from the closed configuration shownin Fig. 4B to afully rebounded position asillustrated in
Fig. 4A. Tubing 32 is designed so that the rebound of the regions 40, 42 creates a suction
vacuum in the tube 32 sufficient to ensure that the system 100 achieves vacuum around the
nipple 3, so that any lossesin the system 100 are taken into account. The vacuum achieved at
the breast nipple 3 should achieve a maximum suction of at least up to 300mmHg suction (-
300mm Hg pressure). Initially upon installation of system 100 to the breast 2, it may take
several cycles of the compression elements 36, 38 before the vacuum reaches its maximum
vacuum. In another embodiment the achievement of maximum suction may be as high as
450mm Hg suction (-450mm Hg pressure).

[00149] In at least one embodiment, the maximum suction/vacuum capable of being
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established by tube 32 isin therange of -180mm Hg to -220mm Hg, preferably about -200mm
Hg. Thisprovidesabuilt-in fail safeto ensurethat the suction/vacuum never exceedsadesired
maximum operating range of -180mm Hg to -220mm Hg, preferably about -200mm Hg, as
this is all that can be attained by the system. In another embodiment, the maximum
suction/vacuum capability of the tube 32 is greater than a desired maximum operating
suction/vacuum. For exampl e, the maximum suction/vacuum capability could bein therange
of -220mm Hg to -400 mm Hg. This greater capability provides an advantage in that, over
time, should the tube 32 lose some of its el asticity/resilience performance, then the maximum
operating suction/vacuum can still be achieved, due to the overdesign of the maximum
suction/vacuum capability of the tube 32.

[00150] The easticity/resilience properties of the tube 32 and inner housing 14 may be
identical, for ease of manufacturing and keeping down costs of production. Alternatively, the
elastic/resilience properties of the tube 32 may be different downstream of the compression
members 36, 38, relative to the elastic resilience properties of the tube 32 in locations 40, 42.
For example, the tube 32 downstream of | ocations 40, 42 may be moreresilient than the tubing
portions 40, 42, less resilient than tubing portions 40, 42 or even rigid. As noted above, the
inner housing 14 may be resilient, semi-rigid or rigid. In at least one embodiment, the inner
housing 14, tubing portions 40, 42 and tube 32 downstream of portions40, 42 areal integral,
made of the same material, and have the same elastic/resilience properties. In other
embodiments, inner housing 14 may be more elastic, less elastic or equal in elasticity to
regions40, 42 and may be more elastic, less el astic or equal in elasticity to the elasticity of the
tube 32 downstream of the regions 40, 42. The tube 32 may beitself resilient but the tube 32
may optionally also include embedded resilient members (like a coil or braid) which would
enhance the resiliency or strength of tube 32.

[00151] The present disclosure is designed to emulate the application of forces applied by a
baby suckling from the breast to extract milk. During breastfeeding the baby's tongue is
applied to the nipple/areolaregion of the breast. During suckling the baby draws the tongue
down and slightly backwardly to create a suction/vacuum to start drawing milk into the baby's
mouth. The soft palate of the baby gets pulled against the back of the tongue thereby sealing
off a suction/vacuum chamber forward of this contact, into which the milk drawn by the

suction/vacuum. After an amount of milk is received into the baby's mouth, the baby
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swallows. Oncethetongue re-contactsthe hard pal ate, this rel eases the maxim suction against
the breast and opens a passage to alow milk to be transferred into the pharynx and then
esophagus. During swallowing, as the tongue moves up and seals against the hard palate, it
creates a driving force to move the milk down the soft palate and into the esophagus. After
swallowing the cycleisrepeated by again drawing the tongue down and slightly backwardly.
During the entire cycle, the baby maintains negative pressure (suction/vacuum) on the
nipple/breast. The present disclosure provides the first compression element 36 to function
like the baby's tongue and hard palate, to establish the constant suction against the breast, by
sealing of the tubing in region 40. The second compression element 38 functions like the
swallowing/soft pal ate function. In thisway, milk ductsare not overly collapsed during arest
or lower suction pressure phase but rather the ducts are allowed to fill like when a baby is
latched to abreast. Thisre-filling allowsfor more efficiency in milk extraction moresimilar to
a baby than conventional pump devices.

[00152] Fig. 4A shows the compression elements 36, 38 in a non-contact configuration
(alternatively could be in contact, while not substantially compressing or deforming the tube
32) dlowing the resilient tube to assume its full, un-deformed configuration. In this
configuration, the cross-sectional area of lumen 56 is equal in the regions 40 and 42 to the
cross-section areaof lumen 56 in locations adjacent to 40 and 42 in the embodiment shown. In
other embodiments, the cross-sectional area of lumen 56 in the regions 40 and 42 could be
unequal to the cross-sectiona area of lumen 56 in locations adjacent to 40 and 42. Further
aternatively, the cross-sectiona areas in the regions 40 and 42 could be unequal to one
another. Fig. 4B illustrates the configuration of the compression elements 36, 38 in aninitial
state. The initial state is the state that the pumping region is placed in when attaching the
system to the breast. Once a seal has been formed by the compliant region 12 with the breast
and the system has been properly placed, it can be turned on to begin a milk extraction
process.

[00153] Aninitial suction/vacuum/suction is created by retracting compression element 36
(which isthe compression mechanism nearer the breast) which allows the resilient tubing to
spring back toward itsinitial shapeto createalocal suction/vacuum inthe open segment 16 of
the tubing and the inner housing 14 sealed against the breast. Astheresilient tubing expands

toward its un-deformed configuration, it creates a suction/vacuum in the lumen 56. Fig. 4C
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shows the compression element 36 having been fully retracted to establish theinitial suction.
Preferably, the tube 32 and thelength 37 of compression member 36 are designed to establish
a suction/vacuum by retracting element 36 as described, which is at the low end of arange
considered to be sufficient for extracting milk. For example, tube 32 as shown in Fig. 4C
could be configured to establish -120mm Hg of suction/vacuum or -180mm Hg
suction/vacuum or some other suction/vacuum level less than -60mm Hg to around -220mm
Hg. The suction/vacuum that is created is sufficient to draw milk from the breast and into the
lumen 56 in alocation distal of, as well as underneath the compression element 36. As the
resilient tube 32 isnow aclosed system, the suction/vacuum is maintained with the lumen 56.
The second compression member 38 can be withdrawn to further increase the suction/vacuum
if desired, for example to accommodate the increase in pressure (less vacuum) as milk enters
the system 100 from the breast 2. The member 38 can retract further in the direction away
from tube 32 to compensate.

[00154] After apredetermined time or upon sensing a predetermined flow or volume of milk
extracted, the milk isthen passed through the tube 32 and valve 50 and into the container 60.
Fig. 4D illustrates the second compression element 38 is starting to be retracted. At the same
time the first compression element 36 is advanced to compress the tube 32 in region 40. The
movements of 36 and 38 are coordinated to achieve and maintain a predetermined minimum
suction/vacuum level, typicaly in the range of -40mm Hg to -70mm Hg, more typicaly -
50mm Hg to -60mm Hg. Thetime of closure of the first compression e ement 36 may be pre-
determined or the time for activation of closure of the first compression el ement 36 may be
determined based on an algorithm that includes the pressure in the system 100, the mode in
which the system 100 is operating (e.g., letdown phase, extraction phase or expulsion phase,
etc.) and/or other data such as milk expression rate, and timing of the second compression
element 38. Asthefirst compression element 36 is advanced to close thefirst region 40, the
second compression element 38 continues to be retracted to alow the second region 42 to
continue opening, mai ntai ning the desired minimum suction/vacuum profile throughout until
thefirst region 40 is closed fully leaving adesired residual suction/pressure (at the minimum
suction/vacuum level) against the breast. This action drives the milk proximally through the
lumen 56 (driving to theleft in Fig. 4D) asthe suction ismaintained. Thisisaccomplished by

retracting the compression element 38 at the same time that compression element 36 is
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extended to begin compressing the region 40. As the region 42 expands and the region 40
compresses, thisdrivesthe milk towardsthe oneway valve 50. Thus, the second compression
element 38 functions like the swallowing/soft palate of the infant and the one-way valve
functionslikethe soft palate asit closes against the rear of the tongue during the peak suction
phase to prevent backflow in the system. Fig. 4E shows compression element 36 fully
compressing region 40, thereby functioning asaclosed valve, maintaining the suction against
the breast. Compression element 38 has been fully retracted, asthe milk has been pushed into
thelocation of region 42 and distally thereof. Asnoted previously, compression elements 36,
38 are not limited to the embodiments shown. As one alternative example, compression
elements 36, 38 may function like clamps or pliers, each having two pads that squeeze
together, compressing regions 40, 42 therebetween. Fig. 4F showsthe compression e ement 38
again being extended, while the compression e ement 36 remainsin the closed valve position.
The compression of region 42 by element 38 can begin as soon astheregion 40 isfully closed
off by element 36 to seal off the region surrounding the breast. The compression by element
38 drives the milk out of region 42 and further downstream toward the one-way valve 50.
When the compression element 38 reachesthe fully closed (compressed) position, asshownin
Fig. 4B, the cycle repeats, and the cycle of movements illustrated in Figs. 4B-4F continues
over the course of amilk extraction session.

[00155] The system 100 is capable of functioning successfully with the pumping tube 32 in
any relationship/orientation, relative to the nipple, but it is preferred to location the
compression regions 40, 42 and compression elements 36, 38 higher than the nipple 3 when
the systems 100 is attached to the breast 2. In thisarrangement, bubbles of air that may befed
through the tube 32 early in the pumping cycle so that the tube 32 is eventually mostly filled
with milk, from the nipple 3 all theway to the one-way valve 50. The benefit of thisisthat the
system 100 then becomes very energy efficient, as it approaches a fully hydraulic system.
Since milk isessentially incompressible, the value of having asystem 100 that doesnot havea
substantial amount of air allows for suction pressure to be communicated sustainably within
the systemin arelatively uniform fashion with much lesslosses of energy into thefluid itself.
[00156] As noted, the pump mechanism requires independent, coordinated
compression/rel ease of two adjacent sections of resilient tube 32 to perform the extraction and
delivery of the milk from the breast to the collection contai ner 60. Although two drivers44, 46



10

15

20

25

30

C:\Interwoven\NRPortb\SNGDCC\TLD\184476_1.docx-19/06/2018

-26 -

are shown in the embodiment of Fig. 3, alternatively, both compression elements could be
driven by a single driver to move in a coordinated manner. However, two independently
operating drivers are preferred, as they can be controlled more flexibly to vary the
coordination between movements of the two compression elements 36, 38, if needed. The
system 100 is capabl e of maintaining anegative pressure against the breast at all timessimilar
to anormal breastfeeding baby.

[00157] In an embodiment which employs one or more pressure sensors 54 and controller 52,
the pressure at the location(s) of the one or more sensors 54 can be monitored throughout the
milk extraction process. During the opening of region 40 as described above with regard to
Fig. 4C, the pressure is monitored until a desired milk extraction suction/vacuum level is
achieved. Inthiscase, the tubing 32 and compression el ement 36 dimensions can be designed
to achieve a greater suction/vacuum than the low end of the range of suction/vacuum
considered to be effective for extracting milk, for example, to achieveasuction/vacuuminthe
range of -180mm Hg to -450mm Hg. In this case, the feedback from the pressure sensor 54 to
controller 52 letsthe controller know when the desired suction/vacuum has been achieved and
the controller 52 can control thedriver 44 to halt the retraction of the compression element 36
at aposition lessthan fully retracted, and thus still partially compressing the region 40, when
the desired suction/vacuum level has been reached. Additionally or aternatively, in cases
where full retraction of element 36 does not achieve adesired suction/vacuum level, element
38 can be retracted by an amount that brings the suction/vacuum level up to the desired
suction/vacuum level.

[00158] Therelative positions of the compression elements 36, 38 correl ate to the volumes of
the tube in regions 40 and 42 as long as the compression elements 36, 38 are in contact with
the tube 32. Thus, by knowing the total volume of the remainder of the tube 32 and breast
adapter 10 making up the suction/vacuum space, it is possible to estimate the volume of milk
pumped by the system, once the tube 32 distal of the pumping region 30 has been filled with
milk and the extraction phase begins, by cal culating the volumes of regions40 and 42 over the
course of extraction and expulsion. Alternatively, additional information, such asprovided by
monitoring pressure changes at the breast 2; speed and direction of compression elements 36,
38;and/or force and/or pressure data history to the present time, may be used to calculate an

estimate of volume pumped. Further optionally, a flow sensor or optical sensor may be
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employed to provide an estimate of volume and/or measurement of the extent of filling of tube
32 in apredefined region of the tube 32 to help in estimating the volume of milk pumped. By
assuming the amount of fluid in the system 100 (tube 32 filled) and then knowing the pressure
curve representing the pressure contained within the system 100 over time, any changesin
pressure can take into account compression element 36, 38 position, speed and direction and
then estimate the impact due to milk flow from the breast 2.

[00159] Figs. 5A-5C illustrate operation of a system 100 having only one compression
element 38 according to an embodiment of the present disclosure. In this embodiment, first
and second one-way valves 50', 50" are provided adjacent opposite end of the compression
region 42 of the tube 32 where the tube is compressed by compression element 38. Fig. 5 A
showstheinitial configuration of the system whenitisfirst appliedto the breast 2. After aseal
of the system 100 to the breast 2 is accomplished in any of the manners described previoudly,
and letdown has occurred, pumping of expressed milk can be performed by compressing
region 42 with compression element 38 asillustrated in Fig. 5B. Asthe pressureincreasesdue
to the compression of region 42, milk is driven through oneway valve 50' asindicated by the
leftward directed arrow in Fig. 5B. At the same time, oneway valve 50" prevents backward
flow of the milk and maintains vacuum against the breast 2. In Fig. 5C, as compression
element 38 is retracted away from tube 32, tube 32 resiliently expands to increase vacuum
(drop the pressure) in tube 32. This closesthe one-way valve 50" and opensthe one-way vave
50" to extract milk from the breast 2 and into the region 42. Extraction and pumping of milk
can be continued by cycling between the phases shown in Figs. 5B and 5C.

[00160] In order to prevent vacuum of against the breast from becoming too strong (limit
pressure from going too low), the compression el ement 38 may be controlled by slow control
of driver 46. If no flow of milk is detected, the driver 46 may be controlled to stop the
pumping operation. Alternatively, the driver 46 may be controlled to pump for a
predetermined amount of time past the detection of no flow, in order to further stimulate the
nipple3/breast 2 which may signal or condition the breast 2 to increase milk production. The
system 100 can be provided with arelief valve 502 in or adjacent to the breast adapter 10. The
relief valve 502 may be set to open when a predetermined maximum vacuum level has been
reached, e.g., -200mm Hg, -220mm Hg or the like. Thisis typically the maximum vacuum
level that isintended to be applied for expressing milk from the breast 2. Therelief valve may
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be independent of the operation of the one-way valve 50" as shown, or aternatively, may be
configured to squeeze or vibrate the one-way valve 50" so asto closeit to prevent the vacuum
against the breast 2 from exceeding the maximum predetermined vacuum. Once the one-way
valve is overcome by the vibration or squeezing, the vacuum against the breast is prevented
from exceeding the maximum vacuum.

[00161] Breast milk container 60 is preferably a flexible bag that is fitted over the main
body/housing 34 in a collapsed state so that it does not take up any significant volume until
milk is received therein, but closely follows the contours of the housing 34, so as to be
received in abra 130 and between the bra and housing, without enlarging the overall size of
the system 100 as received in the bra. As stated, the container is also contemplated to be
placed within the housing adjacent or about pumping structure, or aternatively, between
pumping structure and the user's breast. The one-way valveis connected to the proximal end
of the tube 32 (having been positioned in the channel 232) to complete the assembly of the
system 100 to the condition shownin Fig. 1. Disassembly can bejust as easily performed by
reversing the order of the assembly description above.

[00162] Fig. 6 illustrates a main body/housing 34 of system 100, without a container 60
having been attached or the tube 32 and adapter 10 having been attached, to illustrate
dimensions of the components shown, according to an embodiment of the present disclosure.
It is noted here that the present disclosure is not limited to the dimensions disclosed with
regard to Fig. 6, but may be varied, asthisisonly one specific embodiment of the disclosure.
Any or al of thedimensions may beincreased or decreased as needed, for exampleto adapt to
different breast sizes, etc. The outside diameter 240 of the system housing 34inFig. 6is9cm.
The tota thickness 242 of the device housing 34 (and thus the entire system 100 when
container 60 isin the collapsed configuration) in Fig. 6 is4cm. The opening 244 at which the
proximal end of tubing 32 isattached to the one-way valve has adiameter of about 13mm. The
receptacle 230 for housing the breast adapter 10 hasadiameter 246 of 4.5cm. Also shownisa
display 250 which can be outputted to by controller 52, for example, to indicateif an air leak
develops, what the current suction/pressure reading in the adapter 10 tube 32 is, approximate
value of milk volume having been expressed, approximate flow rate of milk, pressure
waveforms, phases of feeding timing, rest programming, heating applied to breast, vibration
applied to breast, etc. The display can aso indicate when the system is on and when it is off,
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duration time of a pumping session; time of day, date, count down times, speed or frequency
of pumping cycles, strength of vacuum, etc. The display can be backlit to facilitating reading it
in the dark. Additionally, controls 252 are provided to allow different modes of operation by
the user, including, but not limited to: power up; on/off state indication; increases or decreases
applied to various modes such as pumping cycle frequency, vacuum strength; selection of
pumping program versions, timer, etc. The control s are conveniently located along an exterior
surface of the devicefor easy accessby auser. Alternatively, display 250 could consist only of
alight, such as an indicator light. Further aternatively, alight may be provided underneath
one or more of the controls 252 or where the milk tube 32 exitsthe main body 34. Such lights
disclosed could be configured to illuminate in different colors to indicate various modes or
information or may also flash. Additionally or alternatively, an audio feature such asaspeaker
and amplifier may be provided to produce one or a variety of sounds to alert the user to
various modes, end of pumping session, time, various pressure thresholds being reached, etc.
When display 250 is used to communicate volume of milk being pumped, duration of the
pumping cycle, which modethe pumpisin, or read out the pressure for min/max which could
be settable by the user.

[00163] It isfurther noted that the receptacle 230 (for housing the breast adapter 10 and thus
receiving the nipple) is not centered in the housing 34, but is positioned so that its center is
below the center of the housing 34. This causes the system 100 to not be centered around the
nipple of the breast, but to ride in a higher position, relative to the breast, so as to better
conform to the anatomy of the user, and be less noticeable when worn in a bra 130.
Additionally, the inner surface 254 is not flat, but istapered. From the edge/periphery of the
inner surface 254 to the inner nipple housing 230 the inner surface is tapered to form a cup
shape. Asthebreast adapter 10 isplaced against the breast 2, it isideally concavetodlow itto
receive the breast 2 comfortably and provide a smooth surface to create an effective suction
seal. Thus, surface 254 tapers slightly to conform to the breast 2, to still further make wearing
of the system 100 less noticeable. There may be a dlight bulge in the taper to to provide a
better sealing zone against/around the breast 2.

[00164] Fig. 7 illustrates a breast adapter 10/tube 32 configured and dimensioned to be
attached to the embodiment of the main body/housing 34 of system 100 shown in Fig. 6. As

with Fig. 6, it is noted here that the present disclosure is not limited to the dimensions
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disclosed with regard to Fig. 7 but may be varied, asthisis only one specific embodiment of
the disclosure. The outside diameter 256 of the breast adapter 10 at its opening in 4cm. The
inside diameter 258 of the breast adapter 10 in the region when the nippleisreceived is20mm
as shown. The breast adapter necks down 260 at alocation designed to minimize the distance
that it is located beyond the extent that the nipple is stretched when it is formed into a teat
under maximum suction/vacuum applied by the system 100. It is noted that the neck down
region 260 isoptiona andisnot included in many of the embodiments. If present, neck down
region 260 is provided to create alight seal against the nipple/teat 3. Alternatively, a smooth
wall of the breast adapter 10/tubing 32 is provided along the side to allow the nipple/teat 3 to
move fredly, as shown in Fig. 7B. The assemblies as shown in Figs. 7A-7B (as well asthe
remainder of the system 100) isdesigned so that theinterface or opening of the breast adapter
10A issubstantially perpendicul ar to thelongitudinal axis 2L of the breast 2 and nipple 3 asit
isformed into ateat by the system 100. Alternatively, the breast adapter 10 may be configured
so that the longitudinal axis 2L forms an acute angle with the opening surface or the breast
adapter/back surface of the system 100, as illustrated in Fig. 7D. Such a configuration can
reduce the thickness, or distance which the system 100 extends from the breast.

[00165] The distance between the necked down region 260, or smooth region 260" that
transitionsto thetube 32 is preferably in the range of about 1mm to 5mm. Theinsidediameter
262 of thetube 32 whereit integrates with the breast adapter 10 proximally of the neck region
260 is 20mm in these embodiments. The tubing 32 then tapers down to an inside diameter of
6mm in the regions to be compressed and proximal of these regions, al the way to the
proximal end of the tube 32. The opening 244 of the main body 34 has an inside diameter of
about 13mm and is configured and dimensioned to accommodate tube 32 with some extra
clearance, to alow the extension 62 (male embodiment) to overlap the tube 32. The breast
adapter 10/tube 32 unit is configured to be removed from the system 100, as shown, for
cleaning after use, and then reattachment in housing 34. Theregions40, 42 snapfit (or friction
fit) between portions of the compression elements 38, 36 into groove or channel 430 upon
attachment of breast adapter 10/tube 32 to the housing 34, see Fig. 42, so that regions 42, 40
can be compressed without impinging on the breast adapter portion 10.

[00166] Figs. 8 A and 8B are schematic, front and side illustrations, respectively, of abreast

pump system 100 showing placement and routing of tube 32 according to an embodiment of
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the present disclosure. In this embodiment, the distal end portion of tube 32 that integrates
with the breast adapter that receivesthe nipple 3 of the breast is positioned bel ow the nipple 3
sothat it formsamilk collection well 32W to facilitatefilling and priming of the pump region
40. Once milk enters tube 32 and into pump zone 40, the tube 32 can be routed in any
direction. In the embodiment shown, the tube bends up and around the housing 34 to a
location at the top of the housing 34 where it can be attached to container 60 with one-way
valvetherebetween. Asnoted, different routing schemesfor routing the tube 32 may be used,
such as routing to the side of the housing rather than to the top, or routing horizontally from
the well 32W to the side of the housing 34 and then up and around to the top of the housing
34, or routing past the pumping regions shown in Fig. 8A and then back down to the bottom of
the housing 34.

[00167] In some embodiments, it may be desirable to change dimensions and/or materials of
the tube 32 along the length thereof. Fig. 9isaschematic sideillustration of one example of a
system 100 having varying dimensions along thelength of thetube 32, and optionally, varying
materials from which the various portions of the tube 32 are made. Further optionally, the
thickness of the wall of the tube 32 may vary along the length thereof to change resilience
performance/compliance characteristics, whether the varying sections are of the same material
or of different materias, aswell as whether one or more sections are reinforced with braids,
coilsor theliketo increase stiffness. In thisembodiment, the well region 32W hasthesmallest
diameter or cross-sectiona dimension of any of the regions of the tubing, so asto minimize
the volume of milk that needsto be collected in the pre -pump region of the tubing 32 before
milk starts entering the pumping regions 40, 42 to be pumped. The pumping regions 40, 42 of
thetube havethelargest diameter, to allow more pressure change per length of tubing 32 to be
generated, as alonger compression stroke by the activators 36, 38 is alowed. Downstream
(proximal) of the regions 40, 42, the tube may be formed of arelatively morerigid material
than that portion forming the regions 40, 42, in order to reduce the compliance and increase
the flow of milk form the regions 40, 42 to the container 60. Additionally, or optionally, the
portion of tube 32 downstream of region 42 may be formed to have asmaller diameter thanthe
portions 40, 42.

[00168] Fig. 10 illustrates a series of events that may be carried out in operating a system

according to the present disclosure when carrying out a milk extraction process from the
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breast. At event 502, the system is attached to the breast, which includes sealing the compliant
region 12 of the breast adapter 10 to form a substantially airtight (the system can overcome
and accommodate small air leaks) and substantially liquid-tight seal therewith to minimize or
eliminate |eakage of breast milk. There are different embodimentsfor accomplishing thistask.
A most basic and preferred embodiment isto form the seal by suction/vacuum alone. Thiscan
be accomplished by actuating a system actuator 82 (see Fig. 1) to power up the system and
begin generating suction/vacuum. Actuator 82 may power up the controller 52 when present,
or power up the drivers 44, 46 to run a predetermined routine when a controller 52 is not
present. The establishment of the seal can be accomplished by retracting thefirst compression
element 36 in amanner as described when going from the orientation shown in Fig. 4B to that
of Fig. 4C. If aseal doesnot establish with thefirst retraction of element 36, then the element
36 can be cycled between the positions shown in Figs. 4C and 4B until an adequate seal has
been achieved. During cycling, asthe element 36 compresses, thisdrivesair out between the
breast and the compliant region 12, and during each retraction of element 36, static suction
(vacuum) isincreasing built up, thereby increasing suction/vacuum within the breast adapter
10 and tube 32 with each cycle. In embodiments where a pressure sensor 54 and controller 52
are employed, the controller 52 can cycle the element 36 until a predetermined level of
suction/vacuum has been achieved, which establishes that a sufficient seal has been formed.
Advantageoudly, this cycling of the element 36 also facilitates let down of the breast milk,
readying it to be extracted.

[00169] In an aternative embodiment, the seal may be established by a tacky or adhesive
surface 84 may optionally be provided on an inner surface of compliant region 12 (seeFig. 2).
Thetacky surface may be provided by application of an adhesive, such asthetypeof adhesive
used for stoma bags used for colostomy patients, or other effective and biocompatible
adhesive or tacking agent. The sealing of the compliant region 12 against the breast may be
established viathe tacky surface 84 alone (or with a surface treated with a material that gets
tack when heated by the body temperature of the breast 2 asit contactsthe breast), or together
with establishment of suction/vacuum as described in the previous embodiment. Further,
optional application of pressure and/or heat may further facilitate sealing of the tacky region
against the breast. In another embodiment, which may be used together with any of the
previous embodiments, or by itself, the breast adapter 10 is configured to be compressed, once



10

15

20

25

30

C:\Interwoven\NRPortb\SNGDCC\TLD\184476_1.docx-19/06/2018

-33-

applied to the breast and then released. The breast adapter 10 then resiliently returns to its
original configuration, thus establishing asuction/vacuum and sealing the compliant region 12
to the breast, much in the same way that a suction cup isstuck to aflat surface. In addition, the
system may be handheld against the breast until sufficient suction/vacuum is established to
generatethe seal. Further optionally, the system may be supported in abraconfigured to hold
the system during its operation.

[00170] At event 504, the system establishes a suction/vacuum level sufficient to extract milk
from the breast. Thisisaccomplished by controlling movements of the compression element
36 and optionally controlling movements of compression element 38 in coordination with
movements of compression element 36. An initial vacuum/suction is created by retracting
compression element 36 (which is the compression mechanism nearer the breast) to create a
local suction/vacuum against the breast. As the resilient tubing expands toward its un-
deformed configuration, it creates a suction/vacuum in the lumen 56. Fig. 4C shows the
compression element 36 having been fully retracted to establish theinitial suction. Preferably,
the tube 32 and the length 37 of compression member 36 are designed to establish a
suction/vacuum by retracting element 36 as described, which is at the low end of a range
considered to be sufficient for extracting milk. For example, tube 32 as shown in Fig. 4C
could be configured to establish -120mm Hg of suction/vacuum or -180mm Hg
suction/vacuum or some other suction/vacuum level less than -60mm Hg to around -220mm
Hg. The suction/vacuum that is created is sufficient to draw milk from the breast and into the
lumen 56 in alocation distal of, as well as underneath the compression e ement 36. As the
resilient tube 32 isnow aclosed system, the suction/vacuum is maintained with the lumen 56.
The second compression member 38 can be withdrawn to further increase the suction/vacuum
if desired. In embodiments where controller 52 and pressure sensor 54 are empl oyed, feedback
from the pressure sensor to the controller can indicate whether the suction/vacuum is sufficient
to establish milk flow from the breast, as the pressure sensed will drop once milk enters the
system. If the feedback |oop between the controller establishes that extraction of milk has not
yet begun, then the controller 52 can incrementally control retraction of the compression
member 38 until sufficient suction/vacuum is established to cause milk to start to be extracted,
as confirmed by the pressure-controller feedback |oop. Thiscontrol of the second compression

member 38 can be subsequent to thefully retraction of thefirst compression member 36 or can
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be carried out during the retraction of thefirst compression member. Further alternatively, the
first compression member may not be fully retracted, but some combination of partial
retractions of the members 36, 38 can be established to achieve the desired suction/vacuum
level. Ininstances where the predetermined suction/vacuum level that the tube 32 isdesigned
to established upon full retraction of the compression element 36 alone is not sufficient to
extract milk for a particular user, the controller can be programmed by the user to initially
establish asuction/vacuum greater than that predetermined suction/vacuum level, so that the
controller will automatically operate the compression elements 36, 38 initially to establisn this
greater suction/vacuum level, irrespective of pressure sensor feedback. The pressure-controller
feedback loop can then still be used to adjust suction/vacuum as needed to extract milk.
[00171] Once the milk extraction has begun, the suction/vacuum is maintained at event 506
for apredetermined time, or until a predetermined volume of milk has been extracted, or when
apredetermined minimum pressure has been achieved to indicate that a predetermined volume
of milk has been expressed into the system 100. By continually measuring the pressurein the
system (preferably, but not necessarily, in thevicinity of thenipple), an estimate of thevolume
of milk extracted can be calculated by the controller 52. As milk enters the suction/vacuum
space, the pressure drops. The volume of milk received in the suction/vacuum space is
proportional to the pressure drop and therefore the volume of milk can be estimated by
knowing the pressure drop. This is aso dependent however, upon ensuring that the seal
between the system and the breast has not been broken and that no other air leaks have
developed. As an air leak will register in the system as a continuous, somewhat constant
pressure change toward zero, it can be readily distinguished from the changes in vacuum
measured by receipt of milk into the suction/vacuum space, as these changes are less
continuous and will continue to increase the pressure (reduce vacuum/suction), rather than
remain relatively constant.

[00172] After the predetermined time has expired, or, more preferably, in embodimentswhere
the volume of milk extracted is estimated, the milk ismoved proximally from theregion 42 at
event 508, while sealing off the suction/vacuum space distal of the region 42, using
compression element 36, while maintaining a constant suction/vacuum pressure on the
breast/nipplethat isless than the extraction suction/vacuum, as described above. This can be

accomplished by compressing the tube 32 with element 36 while simultaneously retracting
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compression element 38 to maintain the desired suction/vacuum level until the seal isformed
by element 36, as described above with regard to Figs. 4D-4E. Therate at which the elements
36 and 38 are extended and retracted, respectively, and the amount of retraction of element 38
are dynamically adjusted depending upon the variables of the system, including the volume of
milk present and the suction/vacuum level used during the extraction phase.

[00173] Once the compression element 36 has sealed off the tube 32 at region 40, the
compression element 38 isimmediately controlled to expel the milk from region 42 during the
expulsion phase, by moving the milk proximally of the region 2. This is accomplished by
extending the compression element 38, from whatever position it ended up in during event
506, to the fully compressed position to close off the tubing and drive the milk proximally
from the region 42. This motion of the compression el ement 38 generates a positive pressure
driving force, which isadvantageousin that the milk can be pumped through the valve 50 and
into the container 60 regardless of the orientation of the components, even directly against
gravity. At this stage, the compression elements 36, 38 are positioned asshownin Fig. 4B and
the processing returns to event 504 to carry out another cycle of milk extraction.

[00174] Fig. 11 illustrates events that may be carried out in a control process for extracting
milk according to an embodiment of the present disclosure. At event 602 the compliant region
12 of breast adapter 10 is contacted to the breast such that the tube 32 is properly aligned with
the nipple of the breast and a seal is established, in any of the manners already previously
described. At event 604, suction/vacuum is generated in the breast adapter, which facilitates
the sealing of event 602 if not already firmly established and establishes suction/vacuumto be
used in milk extraction. The suction/vacuum pressure is continually monitored by the
controller 52, either continuously or intermittently. At event 606, if a sufficient
suction/vacuum has been achieved to establish the seal. Aninitial seal can be established by a
vacuum that can be maintained in the pressure range of -1mm Hg to - 60mm Hg, when the
system 100 is supported by a bra 130. In practice, the system can be programmed with a
threshold seal vacuum level confirming that aseal has been established, wherein thethreshold
seal vacuum level isin the range of -20mm Hg to -60mm Hg. In one particular embodiment,
the threshold seal vacuum level is -40mm Hg. Of course, it is understood that vacuum
pressures of less than -60mm Hg are also sufficient to establish the sedl. If there are no leaks

and a sufficient suction/vacuum (predetermined suction/vacuum level) has been established,
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then processing proceeds to event 608. If the pressure reading indicates that thereisaleak or
that a sufficient suction/vacuum level has not been otherwise established, then suction/vacuum
is continued to be generated at event 604. This can be accomplished by cycling the
compression element 36 in amanner as descried above. Additionally, if the pressure reading
indicatesan air leak, the user may readjust the interface between the compliant region 12 and
the breast, which may optionally include adding an adhesive and/or holding or pushing the
system 100 against the breast 2 until sufficient sealing vacuum has been established. The
cycling from events 606 to 604 continues until sufficient suction/vacuum has been created to
establish the seal.

[00175] At event 608 the suction/vacuum is adjusted to a predetermined extraction
suction/vacuum level, which isgreater that the residual suction/vacuum level that isappliedto
the breast at times when milk is not being extracted. This predetermined extraction
suction/vacuum level can be any of those previously described above, and is established by
controlling movements of the compression element 36 and optionally 38, as described above.
The pressure continues to be monitored by the controller 52 in amanner as described above.
[00176] At event 610, if the pressure dropsand the pressure drop is characteristic of receiving
milk into the suction/vacuum space and that a seal has been maintained, then processing goes
to event 618. If the pressure has not dropped in a manner to indicate receipt of milk in the
suction/vacuum space, then at event 612 it is determined whether the pressure has dropped
characteristically to indicate an air leak. If an air leak is indicated, then the user may be
prompted, viaan audible signal, or amessage, such ason display 250, vibration of the system,
automatic shutoff of the system, a signal or message sent to an external device such as a
smartphone, or an indicator light, and the user can readjust the compliant region 12 contact
with the breast to eliminate the air leak. Such adjustment may include any or all of: applying
hand pressure on the system against the breast; rotating or otherwise repositioning the
compliant region 12; removing the compliant region 12 from contact with the breast, applying
adhesiveto the compliant region 12 and reestablishing contact between the compliant region
and the breast. Once the adjustment of the contact has been completed, the system returnsto
event 604. Distinguishing between an air leak and milk extraction isnot necessarily important,
as the system 100 is capable of adapting even if a consistent air leak is present. In the

operating suction range, air leakswill be unusual and if such aleak existsit will beabigleak,
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such aswhen the system 100 istemporarily removed from the breast 2, and thiswill resultina
much more rapid pressure rise than that due to milk extraction.

[00177] Referring back to event 618, if the pressure has dropped sufficiently so that the
estimation of milk volume collected equal s or exceeds a predetermined volume (e.g., avolume
intherangeof .02t0.064 oz., typically about .032 0z., then the system is controlled to change
from the extraction phase to the expulsion phase at event 622 and the milk is expulsed
downstream (proximally) of the regions 40 and 42 in an manner as already described. After
expulsion has been completed, processing returnsto event 608 to carry out another extraction
phase of the cycle. The cycle can be continued for a predetermined time, or until a
predetermined volume of milk has been estimated to have been extracted, or for a
predetermined number of cycles, or for any combination of these endpoints, where the first
endpoint reach will discontinue the cycling. Such decision is determined at event 624. Once
the condition (predetermined time, predetermined volume of milk and/or predetermined
number of cycles) has been met, the system shuts down at event 626. For example, for a
typical pumping session in which 150ml of milk is extracted and pumped, if the session last
fifteen minutes, the system 100 pumps 10ml of milk per minute. A baby suckling the breast 2
typically sucklesabout 30 timesaminute. To replicatethis, the system 100 cyclesabout thirty
times a minute, with each stroke of the system 100 passing on average about .33ml.
(.33ml/cycle). Thus the volume capability of the pumping system 100 is configured to
accommodate at least about .33ml within each compression region (probably a bit more to
allow for variation amongst women) but generally around that amount. Asthere is some
natural "dead volume" between the nipple 3 and the first compression region 40, and then a
desirable small amount of dead space between the last compressor 38 and the one way valve
50, this volume should also be compensated for in the volume capability of the system 100.
[00178] The present advantage provides extremely good control over the suction/vacuum
pressure waveforms established by the system against the breast. In particular, the generation
of suction/vacuum by the element 36 is closely adjacent the breast itself, so thereisvery little
loss in the transmission of suction/vacuum pressure from the element 36 to the breast. In
existing systems, suction/vacuum pumps arelocated at amuch greater distancefrom the breast
and pressure head losses of up to 200mm Hg have been measured from pump to breast, in

someinstances. Thedistance 92 (see Fig. 12) between the compression el ement 36 and theend
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of the nipple when drawn into the open section 16 by suction/vacuum to form ateat 2' is
minimized to maximize the responsiveness of the application of suction/vacuum to the breast.
Additionally, the minimization of distance 92 helpsto reduce thetotal amount of distance that
the system extends from the breast when worn. When the teat 2' is maximally extended, the
distance 92 may bein the range of about 0.5mm to about 3mm, typically about 1mm to 2mm.
[00179] The distance 94 (length of the compression member 36) is related to the amount of
suction/vacuum to be achieved by moving the element from the position shown in Fig. 4B to
the position shown in Fig. 4A. The length/distance of compression member may vary,
depending upon the amount of suction and displacement desired by this component. For
example, length/distance 94 may be avalue within therange of 0.2 cmto 6 cm, typically about
2cm. Thedistance 96 between the elements 36 and 38 should be minimized so asto minimize
the dead space between the compression el ements, aselement 38 doesnot drivethe contentsin
this space proximally, and it must be moved in the succeeding cycle. Thus, the larger the
distance 96 is, the less efficient the expulsion phaseis. The distance 96 can be avaluein the
range of Omm to 5mm, preferably as close to Omm as can be achieved. Thedistance 98 (length
of the second compression element 38) is designed so as to provide ample reserve
suction/vacuum generation capability, so that the suction/vacuum pressure on the breast 2 can
be dynamically adjusted to accommodate for avariety of different variables that occur when
using by the same user, aswell as across uses by different usersincluding, but not limited to:
vary rates of milk extracted, various amount of total volume of milk extracted (ranging from
about Oml to 240ml, typically about 76 ml milk per breast 2 per extraction session), amount of
suction/vacuum needed to extract milk, etc. For example, length/distance 98 may be avalue
within the range of 0.2 cm to 6 cm, typically about 2cm. The distance 102 between the
proximal end of the second compression element 38 and the one-way valve 50 should also be
minimized to reduce the volume of milk between the pumping mechanism and the valve 50,
which does not get pumped out of the tube 32 until one or more successive cycles. In one
example, distance 102 was alength holding avolume of milk when full of about .25ml to 3ml,
typically about 1ml.

[00180] Figs. 13A-13B show partial viewsof system 100 that employs a second compression
element 38 according to another embodiment of the present disclosure. In this embodiment,

the compression effector 38A isrotationally mounted relativeto driver 38B viajoint 104. As



10

15

20

25

30

C:\Interwoven\NRPortb\SNGDCC\TLD\184476_1.docx-19/06/2018

-39-

the compression element is advanced against the tube 32, the mechanism 104 rotates the
compression effector 38A relativeto thedrive 38A (clockwise, asshownin Fig. 13B) so that
the distal end portion of the compression effector 38A advances more than the proximal end
portion asit rotates, as shown in phantomin Fig. 13 A. At apredetermined distance (such as
when the distal end portion of 38A seals off the tube 32, or at some other predetermined
distance less than the distance required for sealing), the mechanism 104 reverse rotates the
compression effector 38A (counterclockwise, as shown in Fig. 13B) to advance the proximal
end portion of the compression effector 38A further against thetube 32. Theseactionsprovide
a better force vector for expulsing the milk toward the one-way valve (in the direction of
arrow 106), as compared to acompression el ement 38 having acompression effector 38 that
does not rotate.

[00181] Figs. 13C - 13E show another rotational compression element 38 according to an
embodiment of the present disclosure. In this embodiment, compression effector 38A and an
upper portion of shaft 38B are relatively rigid, while a lower portion of the shaft, where it
joins the compression effector 38A is elastic and forms the joint 104. As the compression
element 38 advances toward tube 32, the lower portion of the compression effector 38A
contacts the tube 32 first. As the compression element 38 continues its advance and begins
compressing tube 32, the equal and opposite force pushing against the compression effector
38A by tube 32 deflects the joint 104 by the lever arm provided by the lower portion of the
compression effector 38A applied against the joint. This causes rotation of the compression
effector 38A (in the counterclockwise direction shownin Fig. 13D, increasing the angle 910).
This rotation can continue until the compression effector becomes perpendicular to the shaft
38B and aligned with the tube 32, with angle 910 forming aright angle, asshownin Fig. 13E,
depending upon the distance by which the compression element 38 is advanced against the
tube 32. Upon retraction of element 38 away from the tube, joint 104 resiliently returnsto its
unbiased configuration as shown in Fig. 13C. Fig. 38F shows still another embodiment of
compression element 38 configured to perform in the same manner asthe embodiment of Fig.
13C, but where the élastic joint 104 has been replaced by a pin joint 104 and biasing member
910 interconnecting aportion of the compression effector 38A to the shaft 38B above the pin
joint 104 so asto biasthe compression effector 38A at anon-perpendicular orientation relative
to the shaft 38B.
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[00182] Fig. 14 shows a partia view of system 100 that employs a second compression
element 38 according to another embodiment of the present disclosure. In this embodiment,
the compression effector 38A is segmented to provide independently operable segments 38A
that can be advance and retracted individually. Although four segmentsare shownin Fig. 14,
more or fewer could be employed to operate in asimilar manner to that described. Segments
38A are slidably mounted to driver 38B via atelescoping shaft 108 that is spring-loaded by
biasing member 110 to bias the positions of the segments 38A relative to the driver 38B as
shown in solid linesin Fig. 14. Asthe compression element 38 is advanced against the tube
32, cam 108 rotates relative to the driver (clockwise, as shown in Fig. 14) thereby contacting
the distal most segment first and extending it from the driver 38A so that it extends into the
tube 32 further than the other segments 38 A. Upon further advancement of driver 38A and
rotation of cam 108 the next-distal most segment 38A is contacted by cam 108 causing it to
extend from thedriver 38 A. The process can continue until all segments have been extended
like the distal most one shown in Fig. 14 to fully closes off the space 42. Upon retraction of
thedriver 38B, cam 108 reverse rotates and biasing member retractsthe segments 38A relative
to driver 38B to the positions shown in solid linesin Fig. 14 asthey lose contact with the cam
108. Alternatively, the cam 108 can be designed to customizethefinal profile of the segments
38A when the driver 38B isfully extended, so asto arrange the amounts of extension of each
individual segment 38A from the driver 38B by the distances desired. Further dternatively,
the compression element 38 can be designed so that the driver does not need to advance at all,
but instead extends and retracts the segments 38A though rotation and counter-rotation of the
cam 108 and retraction forces provided by the biasing member 110.

[00183] Fig. 15 showsapartial view of system 100 that employs afirst compression element
36 according to another embodiment of the present disclosure. This embodiment of
compression element 36 can be combined with any of the embodiments of compression
element 38 described herein. In this embodiment, the compression effector 36A of
compression element 36 is minimized, so that length 94 isin the range of about 1 to 4 mm,
preferably about 1 to 2 mm, so that it is effective to seal off the tubing 32 (as described with
regard to Fig. 4B), but operatesin concert with compression element 38 to establish sufficient
suction/vacuum for extracting milk. By minimizing thelength 94, lessforceisrequired to seal

off the tube 32, as compared to the force necessary to seal the tube using the compression
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element 36 in the embodiment of Fig. 14, for example, resulting in asavings of energy, which
can lead to a smaller driver 44 being used, a smaller battery 48 due to the lower energy
requirements, and/or longer operational time before the system 100 needs to be recharged or
plugged into an AC power source (in embodimentswherethisis possible). Responsetimes of
the system 100 may also be faster. Thetime required for the compression el ement 36 and the
tube 32 to compl etely seal or release may be shorter. Also, thereislessvolumethat ismoved
onthefinal close during feedback, soif the sealing element 36 is near closing and waiting for
the pressure feedback controlling the larger compression element 38 to establish the desired
pressure before closing, the smaller profile corresponds with less volume change on that final

seal motion. Therefore the sealing can be more precisely and accurately controlled.

[00184] Fig. 16A showsapartial view of system 100 according to another embodiment of the
present disclosure, in which one or both of compression elements 36 and 38 are attached to the
tube 32. The compression elements are attached to the tube 32 at 38C along a portion or all of

the surface of each of the compression elementsthat contactsthetube 32. The attachment may
be by adhesive, welding and/or mechanical means such as banding, containment between jaws
of aclamp formed by acompression actuator, screwing and sealing, bolting and sealing, or the
like. The attachment providesthe system with the capability of generating suction/vacuum by
actively driving the portions 40, 42 of the tube. Thus, the suction/vacuum can be generated by
acombination of forces provided by the elasticity of the tube sections 40, 42 and the driving
forces applied by compression elements 36 and 38 or by the forces applied by compression
elements 36 and 38 alone. One advantage that this arrangement may provide is that the
response time of the tube 32 return to an uncompressed state could potentially be sped up by
rapid movement control of the compression elements 36, 38.

[00185] Figs. 16B illustrates one way in which tube 32 can be configured for attachment to
one or both of compression elements 36, 38, according to an embodiment of the present
disclosure. In this embodiment, a tab 320 is integral with tube 32 and extends radialy
therefrom to be connected to acompression el ement 36, 38. Tab 320 may be made of the same
material as tube 32 and integrally molded therewith, or may be laminated to tube 32, or
otherwise integrated therewith. Optionally, tab 320 may be reinforced by areinforcing layer
322, such asafibrous mesh or other layer of material that istougher than the material making
up thetab. Thereinforcing layer may be laminated inside of the tab material or provided asa
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backing layer. Openings 324 are provided to facilitate connection of the compression element
36, 38 to tab 322. Openings 322 may be optionally reinforced by rings or grommets 326
integrally joined in the openings by molding, welding adhesive or other expedient. Fig. 16Cis
apartial cross-sectiona illustration of compression element 36 attached to tubing 32 according
to the embodiment described with regard to Fig. 16B. A pinor rod 324 passesthrough opening
324 and connects to compression element 36 at both ends. In an arrangement where a
compression element 36, 38 connects to tubing 32, the actuation of the compression element
36, 38 can assist in tube 32 expansion, thereby increasing the speed at which the tube 32
rebounds from acompressed configuration and/or increasing force applied by expansion of the
tube 32.

[00186] Fig. 17A isapartia view of asystem employing another embodiment of compression
element 36. In this embodiment a small protrusion 36D extends across the width of the
compression effector 36A so that it is sufficient to span the width of the tube 32 and sedl it of f
when the compression element 36 isfully extended. Because the length 114 of the protrusion
isvery small, for example, in the range of about 1 to 4 mm, preferably 1 to 2 mm, there is
much less force required to be applied to the compression element 36 to seal off the tube as
compared to sealing off the whol e length of the compression effector 36 A, likewhat occursin
the embodiment of Fig. 14. Likewise, the depth 116 by which the protrusion 36D need not be
great, intherangeof 1 to 10 mm (with the maximum equal to the outside diameter or height in
non-circular cross-section embodiments) of the tube 32, preferably 1 to 3 mm. Of course the
length of the protrusion 36D is not limited to the preferred values described, as any length
short of the entire length of the compression effector 36A could be employed, but the shorter
the length, the greater the energy savings. Likewise the depth 116 could vary from the ranges
supplied, but asthe depth increases, the volume displaced by the remainder of the compression
effector will consequently decrease, so there will be a tradeoff between energy saved and
volume displaced, that being an inverse relationship.

[00187] Fig. 17B is a cross-sectional view of the compression element 36 taken along line
12B-12B in Fig. 17A. This view shows that the remainder of the contact surface 36E
(excluding the protrusion 36D) is contoured to further reduce energy expenditure while
retaining substantial ability to displace volume. In thisembodiment, the cross-sectional shape
of the contour 36E is substantially V-shaped or U-shaped, so that the ridgeline 36F that runs
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longitudinally of the compression effector 36 A, preferably, but not necessarily midway of the
width of the compression effector 36A and aligned with the longitudinal axis of the effector
36A. The ridgeline 26F contacts the tube 32 first and presses into it, and, with increasing
compression, more and more of the contoured surface contacts and compresses the tube.
However, none of the contoured surface 36E seals off the tube, as that function is provided
solely by the protrusion 36D.

[00188] In the embodiments discussed thusfar, the compression elements 36, 38 compressthe
tube 32 against asubstantially flat "anvil" surface of the channel 232 in the 34 into which the
tubeisinstalled. Fig. 17Cisacross-sectional illustration of compression element 36 with tube
232 being received in a channel 232 formed with a substantially planar or flat anvil surface
232A. Notethat thewidth 232W of the channel 232 isgreater than the outside diameter of the
uncompressed tube 32, so thereisroom for the compressed tube 32 to widen asit isflattened.
Also, the width of the compression element 36 is greater than the outside diameter of the
uncompressed tube 32, typically having a width about equal to the width of the fully
compressed tube 32. Alternatively the anvil surface 232A of channel 232 may be substantialy
V-shaped in cross-section, asillustrated in Fig 17D and the compression element 36 (and/or
38) may have a compression surface 36S that is substantially V-shaped. This resultsin a
relatively lower force required to be applied by the compression el ement 36 to completely seal
off the tube 32, compared to the amount of force required to seal off the tube 32 in the
embodiment shown in Fig. 17C. Still further, other non-flat anvil surfaces 232A can be
provided to lessen the overall force required by the compression element 36 to seal off the
tube 32. Another non-limiting example of this is illustrated in Fig. 17E, where the anvil
surface 232 is concave, and the compression surface 36S is convex.

[00189] The rebound/recoil stored energy in the resilient tube 32 itself is the primary if not
sole means for generating suction within the system 100 in preferred embodiments, as
described above. As aso described herein, one or both compression elements 36, 38 may be
attached to the tube 32 to supplement therecoil force of thetube 32. The vacuum isgenerated
by changein volumein the chamber/tube 32. Asnoted previoudly, tube 32 need not be circular
in cross-section, but could be any shape chamber where volume changes (with valves)
generates the vacuum. The action of the rebounding walls of the tube/chamber 32 creates the

vacuum. Other means of moving the walls can be magnetic, e.g., both compression elements
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36, 38 driven by various el ectromagnetic meansto movethem. Alternatively, electromagnetic
members may be embedded into or attached on the tube/chamber 32 walls that can be
electromagnetically driven to change positions of the walls to create the vacuum. Further
aternatively, shape memory aloys (e.g., NITINOL, or the like) can be built into or on the
walls such that thereis a pre shape/configuration and then with current, the shape changesand
affects a shape change in the tube geometry. The shape can start or be activated to compress
the tube 32. Still further, any other structure/means to change the state of a material via
electricity or other means can be employed so that the change in state drives a change in
geometry of the tube/chamber 32 to change volume. The system 100 iscapable of maintaining
anegative pressure against the breast at all times similar to anormal breastfeeding baby. The
breast 2 includes ductsthrough whichthe milk isexpressed. Asthe expression suction/vacuum
level is applied to the breast, the diameter of the ducts increases due to the suction/vacuum
causing the expression of milk from the ducts. Asthe milk isexpressed from these ducts, they
become substantially depleted and collapse. Thisistypically when the baby swallows or when
a milk extraction system cycles to wait for the next extraction phase. In existing systems
where the suction/vacuum is reduced to zero (atmospheric pressure) between extraction
phases, the ducts contract and do not alow expression of milk, but allow some refilling of
milk to occur from larger ducts upstream of the ductsthat open to the surface of the nipple. In
the case of the nursing baby, as well as use of the present system 100, the suction/vacuum
applied to the breast between extraction phases (swallowing in the case of the baby, expulsion
phasein the case of the present system) ismaintained at alower suction/vacuum pressure than
the extraction suction/vacuum, but still greater than atmospheric pressure. In one non-limiting
example, the extraction suction/vacuum is about -200mm Hg and the intermittent
suction/vacuum applied to the breast, between extraction phases, is about -50mm Hg. This
suction/vacuum applied between extraction phasesisnot great enough to extract milk fromthe
nipple, but is sufficient to maintain a certain level of expansion of the radii of the ducts to
allow more refilling to occur between extraction phases, while not allowing substantial
extraction of milk.

[00190] The drivers 44, 46 are each stepper motors in at least one embodiment, that are
controlled by controller 52. Since the compression driver 36 can be controlled to bealwaysin

either afully open position or afully closed (sealed) position, it can be operated by a motor-
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driven cam, rather than a stepper motor, sinceit does not need any sophi sticated stepper-motor
drive input. In this case, the compression driver 38 can be controlled by a stepper motor for
dynamic adjustment, viaafeedback |oop to the controller 52 that control sthe stepper motor 46
to: position the compression driver 38 to ensure the desired residual suction/vacuumisapplied
to the breast when compression driver 36 seals off region 40; drive the compression driver 38
to generate the appropriate pressure wave form to expul se the milk; and drive the compression
driver 38 at a controlled rate and pressure of expulsion of milk across the one-way valve 50.
Alternative drivers that can be used as drivers 44, 46 include, but are not limited to: an
el ectromagnet on one side of the compression element 36 or 38 with an iron or magnetic core
on the other side of the tubing, opposite the compression element, such that when current is
activated, the compression element compresses against the tube 32; cammed motors; or
motors driving clamps on alinear or rotational rack and pinion drivetrain.

[00191] Fig. 18 isan isolated illustration of the milk collection/storage container 60. In the
embodiment as shown in Fig. 18, container 60 is a flexible, hemispherically shaped bag that
envelopes the main body 34 of the system when installed on the system. The one-way valve
50 ispreferably provided asintegral with the container 60, as shown, but could alternatively
be made to be removable, or could be integraly or removably attached to tube 32. By
providing the one-way valve 50 within the tubing integral to the container 60, thisalowsthe
container 60 to be immediately sealed once detached from tube 32, which avoids |eakage.
Container 60 is preferably acompliant bag made of abiocompatible, food grade materia such
as LDPE. Alternative materials that can be used include, but are not limited to: linear low
density polyethylene (LLDPE), polylactic acid (PLA), polyvinyl chloride (PVC), ethylene
vinyl acetate (EVA), high density pol yethylene (HDPE) or polyethyleneterephthalate (PET).
[00192] The collection of milk into container 60 is performed under the positive pumping
force/pressure of the pumping mechanism/region 30. Thus the system 100 does not rely on
gravity for collection of milk inthe container 60. Thisisadvantageous, asit alowsbreast milk
to be extracted and collected over even an uphill gradient, such as may occur when the user is
lying down, bending over, or in environments such as a bumpy ride, as in an automobile or
airplanetrip. This further allows flexibility as to where the collection bag/container 60 (and
the input thereto) islocated relative to the nipple of the breast. For example, the container 60

could be placed near, on, above, below or on the side of the breast. In the embodiment shown
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inFigs. 1 and 5, theinput to the container 60 is above the breast when system 100 is mounted
to the breast. Thisfacilitates easier attachment of the container 60, removal of the container 60
when full or needed to be used, and replacement of another container 60 on the system 100.
[00193] Fig. 19 illustrates the connection features of the tube 32 and container 60 that allow
for easy and rapid attachment and detachment of the container to and from the tube 32. An
extension 62 of the one-way valve 50 is configured to form asnap fit, or lock viaadetent 64
with amating receptacle 66 in aproximal end portion of tube 32 to rapidly establish and gas-
proof and liquid-proof seal. One or more seals such as O-ring 63 or the like can be provided at
the junction to facilitate the sealing process. For example, in the detent and receptacle
arrangement shown, the container 60 can be easily and rapidly attached to the tube 32 by
inserting the extension 62 into the proximal end of the lumen 56 and turning the extension
62/container 60 aquarter turn. Detachment can bejust aseasily performed by turning aquarter
turn in the opposite direction. Other quick-connect mechanisms that are capable of
establishing a quick and easy liquid-tight and gas-tight connection could be substituted for
those described. It is noted that the connection mechanism could alternatively be reversed,
with the male portion being on the proximal end of the tube 32 and the female portion begin
on the extension 62. Further alternatively, the one-way valve 50 could beintegrally formed at
thedistal end of the tube 32 with either amal e or femal e extension and the mating component
of the connection mechanism could be integrally formed at the opening of the container 60.
[00194] Upon removal from the system 100 (aswell as prior to connecting the container 60to
the system 100), the container 60 can be capped to prevent exit of fluid therefrom and also
prevent air from entering the container, asillustrated in Fig. 20. Cap 68 is provided with the
same mating mechanism 66 asthat found at the proximal end portion of tubing 32, so that cap
can be twisted aquarter turn, snap fit, or otherwise attached to extension 62 in the same way
that extension 62 forms a connection with tubing 32. Still further, afeeding nipple 70 can be
attached to extension 62, as shownin Fig. 21, in the same manner that tube 32 and cap 68 are
attached, to form a liquid-tight and gas-tight seal with the extension, to allow feeding of a
baby directly from the container 60. Thus, a container containing milk can be configured for
immediately feeding a baby after removing the container 60 from the system 100.
Alternatively, container 60 can be capped and stored in the refrigerator or freezer for later use.
[00195] Fig. 22 showsabottle 72 that the container 60 with the nipple 70 attached thereto can
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beinserted into and contained to provide amore structural implement that ismore easily used
for feeding ababy. Bottle 72 includes ahollow shell 72 configured and dimensioned to receive
the container 70 while allowing the nipple 70 to extend out of the open end thereof. A bottle
cap 74 has an opening that allows the nipple 70 to extend therethrough and is configured and
dimensioned to enclose the open end of the shell 74 when the bottle is assembled. Bottle cap
74 can be fixed to shell 74 by mating threads, bayonet fitting, snap fitting or other similar
arrangement. The assembled bottle 72 as shown is ready to use for feeding a baby, or
aternatively can be stored in the refrigerator or freezer for later use.

[00196] Fig. 23 isan exploded view of an aternative arrangement for installing container 60
in abottle 72 and providing it with afeeding nipple 70. In this embodiment an insert adapter
120 isprovided to adapt the container 60 to be used with acommercialy available nipple 70
and bottle 72 that are currently sold and readily available. Theinsert adapter isprovided with a
valve defeat extension 122 which containsacentral lumen 124 that isin fluid communication
with the annulus 126 of the adapter 120. The valve defeat extension 122 is configured and
dimension to be inserted through the one-way valve 50 to hold it open and alow milk to be
sucked out through the valve defeat extension and nipple 70. In another embodiment, the one-
way valveisremovable and isremoved prior to installation of the adapter 120. Thetop surface
128 of the adapter 120 is flat and configured to form afluid-tight, airtight seal with the flat
bottom surface of the nipple 70. The container 60 isdropped or placed into the bottle 72 after
inserting the valve defeat extension 122 through the one-way valve 50. Thethreads 70T of the
bottle are engaged by mating threads 120t at the bottom portion of the adapter and tightened to
form an airtight, fluid-tight seal therebetween. A second set of threads 120W are provided on
the top portion of the adapter 120 and mate with the threads 128T of the nut 128, which are
tightened to physically hold the flange of the nipple 70. The under surface of the shoul der
128H compressesthe flange 70F between it and the top surface of the adapter 120 to form the
seal asthe threads are tightened. The threads and size of the adapter 120 and nut 128) can be
manufactured in various sizes and specifications for use in adapting to avariety of bottle and
nipple manufacturing standards.

[00197] Fig. 24 isanillustration of the system 100 installed on the breast 2 around the nipple
3 and supported by abra 130 in which the system 100 is received. The flexible container 60

conformsto the curvature of the bra 130 so that thewearing of the system 100 isvery discreet.
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Also because of the flexibility of the container 60 and the positive pumping action of the
system 100, the container 60 can bein acollapsed condition prior to filling it, so that it takes
up virtually no space within the bra 130. Thus, only the contour of the main body 34 of the
system 100 adds any bulk to the appearance of the breast. As the container 60 beingsto fill
with milk, the breast 2 reduces in size by an equivaent volume of the milk expressed and
therefore the outward appearance of the components supported by the bra does not
significantly change.

[00198] The milk collection container 60 does not necessarily need to be hemispherically
shaped as described above, but could aternatively be formed to have a different shape.
Further, an array of differently size and/or shaped containers may be provided to
accommodate different storage needs (containers have relatively more capacity for breast that
produce and express relatively more milk), placement (different size or shape for placement
between the breasts), etc. Fig. 25 illustrates a milk collection container 60a according to an
embodiment of the present disclosure. Collection container 60a can be made from any of the
same materials described above for making collection container 60. In thisembodiment, milk
collection container 60a is shaped like a conventiona blood collection bag such as the type
used by the red cross for blood donations, but is equipped with a oneway valve 50 and
extension 62 in the same manner as container 60. Because of the positive pumping pressure
capability of the system 100" (same as 100, but used with container 60'), the container can be
placed between the breasts as shown in Fig. 26 and connected to tube 32 either at the top or
the bottom (or any other location) of the container 60a. Also shownin Fig. 26 are alternative
locations where the container 60a could be carried by the user. These include, but are not
limited to: adhered to thetorso just below the breasts, or carried in aholster that is attached by
a belt around the waist of the user, or clipped to a belt around the waist of the user.
Alternatively, container 60acould be carried in apocket of ablouse, sweater or jacket worn by
the user. Further alternatively, container 60a can be supported by a table or other external
structureif the user isto remain stationary during an extraction process. Optionally, container
60a may have an extension tube 32', which may have the same properties as tube 32 and
include an extension 62 with connection mechanism for connecting to the tube 32 of the
system 100'. The extension tube 32' can be particularly useful for placement of the container

60a away from the location of the breasts.
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[00199] Fig. 27A illustrates system 100" which isthe same as system 100 except for the use of
doughnut- shaped collection container 60b. Collection container 60b can be madefrom any of
the same materials described above for making collection container 60. Collection container
60b fitson top of the breast 2 and surroundsthe main body 34 of system 100". Inthisway, the
profile of the system 100" extends away from the body of the wearer less than system 100, as
container 60b does not overlie main body 34, asisreadily apparent from the sideview of Fig.
27B. Alternatively, instead of forming a complete ring, the doughnut-shaped container 60b
could extend only over apredefined arc, such asin therange of from about 180 degreesto 355
degrees. In this embodiment, the volume gain in the container 60b arising from collection of
milk will equal thelossinvolume of the breast having that volume of milk extracted, resulting
in no change in the volume contained within the bra 130 of the user, so that there is no
noticeabl e difference in the appearance of the user before and after collection of milk in the
container 60.

[00200] Any of the collection containers described herein may optionally include one or more
baffles or other constrictions to facilitate a more even fluid distribution to avoid unsightly
bulges on the wearer that might otherwise occur in a collection container not having such
restrictions, where the milk all accumulates at the lowest portion of the container due to
gravity. Fig. 28A illustrates a doughnut-shaped container 60b having baffles 76 intermediate
of theinner and outer surfaces of the doughnut shape. Note that container 60b is connected to
tubing 34 via extension 62 at the lower portion of the container 60b in thisinstance. Thisis
unrelated to the inclusion of baffles 76, but is shown as one of the aternative locationsthat a
container can be attached to the tube 34. Baffles 76 are locations in the container 60b, where
the opposing layers of the container are fused or glued together to restrict the container 60b
from expanding as much asit otherwise would. V arious shapes like pie wedges, waffles, etc.
can beformed by the baffles 76. Further, shapes that take into the contour/three-dimensional
geometry of the main body 34 that the container 60 will conform to can be provided.
Optionally, an additional layer of polymer 61 can be provided on top of the baffles 76 to help
smooth out the external surface of the container 60 to improve the aesthetics of the container
when worn, by smoothing out the exterior surface. Fig. 28B is a side view of Fig. 28A,
showing a cross-sectional view of the container 60b. Fig. 28C illustrates a view with a

container 60b that does not have baffles, containing the same volume of milk asthe container
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60b with baffles 76 in Fig. 28B. On comparison, it can be readily observed that most if not all
of the milk has accumulated in the lower portion of the container 60b in Fig. 28C, resultingin
a bulging appearance under the clothing of the wearer. In contrast, the milk is more evenly
distributed in Fig. 28B and does not present an asymmetrical, unsightly bulge.

[00201] Fig. 28D isanillustration of a container 60 showing baffles 76 arranged in awaffle
pattern to control the even distribution of the volume of milk asit isreceived. Fig. 28E isa
side view of amain body 34 to illustrate the dimensions of the main body 34, according to an
embodiment of the present disclosure. In this embodiment, the overall distance 280 from top
to bottom of the main body 34 measures about 9cm. The distance 282 from where the main
body 34 beginsto taper inwardly to follow the contours of the breast 2 to the end of the taper
at the bottom portion of the main body 34 measures about 7cm. The dimension of the portion
that is configured to receive the nipple 3 measures about 2cm in diameter. The overall length
284 of the main body 34 measures about 4.5cm. The distance 286 between the proximal most
surface of the main body 34 and the proximal bend end of the nipplereceiving cavity isabout
1cm. Thelength 284 of the nipplereceiving cavity isabout 3cm and the main body 34 extends
distally from the distal end of the nipple receiving cavity by adistance 290 of about 0.5cm. It
is noted that the foregoing dimensions are exemplary only and that any and all of these
dimensions may be varied for other embodiments. Fig. 28F is an illustration of the container
60 of Fig. 28D mounted on the main body 34 of Fig. 28E. Also shown in phantom linesisa
nipple 3 received in the nipple receiving cavity of the main body 34.

[00202] As noted, in order to control shape of the container and/or volume distribution of
milk, container 60 may have various baffles/waffles 76. The size and/or shape of the waffles
76 will help the container 60 conform to acurved surface. Baffles/waffles 76 can a so control
height or protrusion of the container locally. For example, it may be beneficia to theallow the
container 60 to swell more on the top of the main body 34, in which case, less dense waffle
baffling 76 will be provided at the upper portion of the container 60 as compared to that
provided at the lower portion of the container 60. The bottom of the container, provided with
more densewaffling 76, will minimizethe swell height in the bottom portion of the container,
resulting in more aesthetic, discrete changes in breast shape contour while pumping.
[00203] The container 60 can be larger than the pump housing (main body) 34, allowing a

portion of the container to contact the skin of the breast 2. Also, the container 60 can be
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contai ned within the housing 34, about or adjacent pumping structure, or the container can be
positioned between the pumping structure or housing and the user's breast. Further
aternatively, container 60 can dual shape, cavities or compartments. Part of the container 60
may lie on top of the main body and allow collection of only a predetermined volume of milk,
such as4 oz. or some other predetermined volume. The remaining portion of the container 60
may hang below the breast 2 or to the side. Thisallows distribution of the milk volumeto aid
in discretion/aesthetics - aswell asweight distribution. By keeping the extramilk volume next
to the skin - thereislessmoment arm/weight of milk further out from thewoman'schest. This
can facilitate stability of the attachment of the system 100 to the breast 2 and comfort.
[00204] Alternatively, the breast pump system may allow multiple waysto collect the milk.
For example, if desired for comfort or aesthetic reasons, when auser expectsto expressgreater
than 50z milk per breast, the system 100 may allow replacement of the on pump container 60
with tubing that attaches at the same point and transfers milk to a"remote” collection vessel,
such asaremote collection container worn at the waist or in apurse/bag held over the shoulder
or |eft on adesk.

[00205] Fig. 29A illustrates a container 60c used with system 100" that fits around the main
body 34 of the system and the areola of the breast 2. In this instance, container 60c is
connected to tube 34 at the bottom of the main body and one-way valve 50 is provided on the
inside surface of theannular container. Fig. 29B illustrates avariant of container 60c inwhich
the oneway valve 50 islocated on the outside of the annular container. Baffles 76 are formed
in the container 60c to help evenly distribute the milk, but also to facilitate folding of the
container. Fig. 29C shows the one way valve and connecting portion of the container 60c
having been folded upwardly along abaffle 76 lineto join the one-way valve 50 to the tube 32
of system 100"'. After collecting milk in the container 6¢ and detaching it from the system
100™, the container 60c can betri-folded along the other baffle 76 linesas shown in Fig. 29D,
for more compact storage, such asin the refrigerator or freezer.

[00206] Fig. 30 shows another embodiment of a milk collection container 60d that is ring-
shaped to encircle the breast 2 and which includes one-way valve 50. Additionally container
60d is provided with atab or flap 78 that extends from the milk containing portion of the
container 60d and that is not configured to contain any milk. Because the flap/tab 78 is

separated from the milk volume containing portion, it can bewritten on or otherwise annotated
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without the potential of puncturing the milk-containing portion or otherwise contaminating the
contained milk. This tab/flap 78 feature can be provided on any of the embodiments of milk
collection container described herein.

[00207] Various modifications and embodiments of the breast adapter 10 can beemployedin
system 100 to enhance milk drawdown and extraction, improve comfort of fit, and provide
other advantages. Fig. 31A shows a breast adapter that includes arigid portion 80 where the
nippleisinserted, and aflexible, resilient portion 82. Massage drivers 84 such asrollersthat
aredriven by motor 86 to advance and retract therollers 84 against the breast to massageit, or
other mechanical equivalent, such as pumps, motor-driven lever arms or the like can provide
mechanica massaging of the breast to simulate actions of a suckling baby and potentially
improve milk extraction. Massage drivers 84 can be provided in more than one plane to
deform the breast along more than one direction. Fig. 3 IB illustrates four different locations
864, 86b, 86c, 86d where the breast 2 can be aternatively compressed and allowed to expand
by using four massage drivers. These massage drivers can be actuated in many different
patterns so as to effect different massage actions. More or fewer than two or four massage
drivers 84 can be implemented to design various different patterns of massage.

[00208] Fig. 32A illustrates an embodiment in which the breast adapter 10B is provided with
vibration drivers 90. Vibration drivers 90 may bein the form of piezoel ectric transducers that
can be electrically driven by battery 48 at adesired frequency to apply vibration to the breast
2, which may help to stimulate milk letdown and/or extraction. Frequencies of vibration
applied may be in the range of 100Hz to 30kHZ, typically about 250Hz.

[00209] Vibration drivers 90 may be employed on any of the breast adapter embodiments
described herein. Alternatively, massage drivers 84 may be modified so at to apply vibrational
frequency to the breast 2. Further aternatively, vibration drivers may be provided on a
different element of the system 100 or on an additional element separate of the system 100, as
opposed to providing them on the breast adapter 10. Although six vibration drivers 90 are
shown in Fig. 32, more or fewer could alternatively be used (as few as one). Application of
vibration to the breast 2 by vibration drivers 90 may be applied to stimulate milk down, by
application of vibration for ninety second or less, for example. Additionally, the vibration
applied to the breast may enhance milk flow volume and/or rate during extraction, by

stimulating hormonal rel ease and/or by the physical agitation of the breast. Vibration may also
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help prevent ductsin the breast from becoming clogged. Vibration can hel p with flow and may
help prevent clogged ducts. It may aso be helpful in unclogging ducts and/or increasing milk
flow over that which would have been achieved without application of vibration. Vibration
can also be applied to break up/facilitate flow. Various frequencies may be activated for
different modes applied to achieve different ones (or combinations of) these effects. Relatively
slower vibrational frequencies may be more attuned to bulk mechanical movement, while
higher frequencies may actually hit resonant frequencieswith smaller structures likethe milk
ducts. Different structureswithin the breast can be targeted based on frequency and amplitude
of the vibrational forces applied.

[00210] Fig. 32B isarear view (open end) of breast adapter 10 showing vibration drivers 90
such as motors or piezoel ectric devices mounted on the breast adapter 10. One or more of the
vibration drivers 90 can be activated at any onetime, so that a pattern of activation can berun
so that drivers 90 apply vibration or massaging at different timesin asequenceto carry out a
sgueezing or massaging motion. Additionally, power and/or frequency applied to each driver
90 can be changed as desired. Fig. 32C illustrates a handheld vibration driver 900 that is
operableindependently of system 100. Inthe embodiment shown, handheld driver 900 isapen
or other elongated implement that is configured with one or more motors or piezoelectric
vibrators. Optionally, different attachments can be provided to vary the contact surface and/or
shape of the distal end 902 of the implement 900 used to contact atarget location 5 of the
breast 2 to be vibrated or massaged. Like the embodiment of Fig. 32B, the frequency and/or
power applied by implement 900 can be changed as desired by the user.

[00211] Fig. 33 illustrates an embodiment in which the breast adapter 10C is provided with
heating elements 92. Heating elements 92 may bein theform of electrically resistive coils, or
elements, piezoel ectric transducers, or other aternative elementsthat can beelectrically driven
by battery 48 to generate heat. The heat generated isapplied to the breast 2, whichmay helpto
stimulate milk letdown and/or extraction. Heating elements 92 may be employed on any of the
breast adapter embodiments described herein. Heating elements 92 may be used in
combination with vibration drivers 90. Although four heating elements 92 are shown in Fig.
33, moreor fewer could aternatively be used (asfew as one). Heating has been demonstrated
in clinical studiesto increase flow and speed of expression. Therefore heating elements 92

may apply heat to the breast to benefit flow increase, less clogging, less mastitis rates, etc.
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[00212] The application of suction/vacuum to the breast 2 by breast adapter 10 may bevaried.
Fig. 34 schematically illustrates a breast adapter 10D having a suction zone 94 which is
flexible and forms a seal with the breast 2 when suction is applied, while arigid portion 96
receives the nipple and areola of the breast. Figs. 35A and 35B are back end, schematic
illustrations of breast adapter 10D to show that the suction zone 94 can be applied in a
continuous ring 96a or intermittently 96b. Suction to breast 2 provides more positive
/additional security for attachment and sealing against the breast 2. The embodiments of Figs.
34 and 35A show rings of suction which can also function to form a seal against the breast 2.
The embodiment of Fig. 35B targets suction forces against the breast 2 to ensure attachment to
breast 2 so the system 100 doesn't break away and fall off, as it relies on the pumping
mechanism suction cycle to maintain the seal. By intermittently applying the suction (as
opposed to a continuous ring of suction), the smaller combined area where the suction is
applied requires less suction/power to be generated by the suction source to maintain the
attachment.

[00213] Fig. 36 schematically illustrates an arrangement in which a first, relatively lower
suction/vacuum level is constantly applied by breast adapter 10D though suction zone 96ato
maintain aseal withthe breast. A second, larger suction/vacuum level isintermittently applied
to the space 98 surrounding the nipple 3 for extraction of milk.

[00214] Figs. 37A-37B illustrate features that may be provided in amilk collection container
60 to reduce the risk of the container not opening to receive milk due to the sides of the
container sticking together, static, or some other obstructive force. In Fig. 37 A, aflexible
spring 370 isprovided in container 60a, which keeps an open channel within the container and
does not obstruct the flow, dueto theloosely wound coils of the spring, and which allowsthe
container 60ato remain flexible, asthe spring 370 isflexible. In Fig. 37B, aflexible porous
tube 372 provides similar functionsto spring 37. Although elements 370 and 372 areshownin
use in container 60a, it is noted that they can be equally as well used in any of the other
embodiments of milk collection container described herein.

[00215] Fig. 38illustrates another embodiment of breast adapter 10E in which the upper half
(or other upper portion) 380 of the adapter 10E has different mechanical properties and/or
composition than the lower half (or other lower portion) 382 of the breast adapter 10E. Inthe

embodiment shown, portion 382 isflexible and portion 382 isrigid, or haslessflexibility that
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portion 380. When used in combination with massage drivers 84, the breast 2 will be
massaged at the bottom portion thereof, but not as much, or not at all along the top portion.

[00216] Fig. 39A illustrates a system employing a flexible breast adapter 10F connected to
tube 32, which is supplied by suction/vacuum by pump 390. The application of squeezing
action by adapter 10F to sgueeze the breast 2 (whether by massage drivers 84 or other
compression means) causes tube 32 to temporarily collapse (see Fig. 39B) which causes a
pressure change at the nipple 3. Upon release of the compression forces against the breast 2,
the tube 32 reopens (see Fig. 39C) and milk is extracted into the tube 32.

[00217] Fig. 40 illustrates a breast pump system 300 in which the pumping region 30 and
container 60 are suspended on alanyard 420 worn by the user. Thelength of thelanyard 420is
adjustable, so that the user can position the pumping region 30 and container 60 lower or
higher than shown, to a location that is comfortable to the user. Tubes 32 interconnect the
pumping mechanism 30 with breast adapters 10, which may be provided on both breasts 2 as
shown, or, alternatively, only on one breast 2.

[00218] Fig. 41 illustrates an embodiment in which, in addition to the suction/vacuum created
by withdrawing compression element 36 away from tubing 32T the compression element 36is
also mechanically linked to a portion of breast adapter 10 surrounding the nipple 3. Thus, as
element 36 moves away from tube 32, it aso pulls on that portion of breast adapter 10,
causing it to open wider and create a greater suction/vacuum around the nipple 3. As the
compression element 36 compresses the tubing 32, as shown in Fig. 41, it also mechanically
moves the wall of the breast adapter 10 to reduce its cross-sectional dimension.

[00219] Referring back to Fig. 2, the pressure sensor signals received by controller 52 from
pressure sensor 54 can be used to plot pressure/suction (vacuum) waveforms applied by the
system 100 during operation. Additionally, pressure sensor 54 signals can be used to
determine when milk flow initiates, as well as the rate and/or volume of milk flow based on
pressure changes resulting from milk being present in the adapter 10 and/or tube 32. Since
milk isincompressible, and neglecting any losses associated with air leaks, and a so assuming
amajority of air has been purged from the system 100, thewall of thetube 32 asit reboundsto
regain the unbiased configuration (in the absence of any milk inflow) creates a peak suction
P(p) when rel eased from the compressor el ement 36/38. In thisstatethetube 32 isdeformed to

have less volumewithinit, referred to asvolume V (p). P(p) and V (p) will be maintained asa
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constant if thereisno milk inflow. As milk inflows, the tube 32 beginsto return to its natural
shape. At each incremental amount of volume of milk introduced into the system 100, the
suction force of the tube 32 reduces. The reduced suction level isreferred to here as P(n) and
the volume associated with each increment isV (n), where n equalsapositiveinteger that starts
at 1 andincreasesby 1 with each increment of milk received. Eventually the pressure reaches
afinal suction pressure P(f) that correspondsto afinal full volume of V(f). Thus, viaeither a
look-up table or by direct equation, each pressure detected can be converted to avolume. Asa
result, the amount of milk passed in one cycle of the systemisequal to V (f) minusV (p) which
is detectable by determining P(f) and P(p). When used in detecting letdown and initial
expression of milk from the breast, upon detecting the initial expression, controller 52 can
control compression elements 36, 38 to change from a mode used to initiate letdown and
initial extraction (which may be performed by rapid cycling of compression element 36 alone,
or a combination of rapid cycling of elements 36 and 38) to an extraction mode, such as by
operating elements 36, 38 to maintain a maximum predetermined suction/vacuum (e.g., -
180mm HG, -200mm Hg or -220mm Hg). Upon sensing a predetermined amount of volume of
milk having entered the system, the controller 54 can again change the mode of operation of
elements 36, 38 to perform the expul sion phase, where el ement 36 seal s off the breast adapter
at a predetermined suction/vacuum level (e.g., -50mm Hg or -60mm Hg) and element 38 is
operated to expul se the milk from region 42 under positive pressure. After the expulsion phase
(when element 38 has compl eted its stroke), controller 54 again changesthe mode of operation
of elements 36, 38 to return to the extraction phase.

[00220] Cycle frequencies, amplitudes of pressure (suction/vacuum) can be controlled by
controller 54 based on feedback from pressure sensor 52. These variables can beatered by the
controller to optimize milk extraction, based on the estimations of milk flow and/or milk
volume calculated from the pressure readings. Further, controller 52 can be programmed to
end processing when milk flow senses had diminished to apredetermined flow rate, including,
but not limited to aflow rate of zero, or aternatively, can be programmed to end processing at
a predetermined time after a flow rate of zero has been reached. By continuing to apply
suction/vacuum in an extraction phase for a predetermined time (e.g., thirty seconds, one
minute, two minutes, or some other predetermined time) after flow rate has reached zero, this

has the potential of stimulating the breast to increase milk production for subsequent
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feedings/milk extraction processes. Any of these automatic control schemes by the controller
52 can be overridden by the user, to choose different programming or operate the system 100
in manua mode viathe use of controls 252.

[00221] Because the compression actuation elements 36, 38 are placed so closeto thenipple 3,
thereisvery little attenuation of the suction/vacuum waveforms generated thereby, relativeto
currently existing systemswhich typically place the suction/vacuum pump much further from
the nipple. Thisprovides an advantagein that pressure (suction/vacuum) waveforms, such as
relatively high frequency changes in suction/vacuum can be applied, which would not be
possiblewith prior art systems, asthe attenuation would render them ineffective. For example,
controller 52 can be programmed to mimic a feeding baby in one instance by emulating the
baby performing three quick sipsor suckles on the breast, followed by alonger duration suck,
and then repeating this cycle. Thiswould involve operating the compression elements 36, 38
to apply the maximum suction/vacuum (e.g., -200mm Hg) to the breast 2/nipple 3 for avery
short duration (e.g., half a second or less), followed by reducing the suction/vacuum to the
minimum continuously applied suction/vacuum (e.g., -60 mm Hg), repeating this cycle two
moretimes, then applying the maximum suction/vacuum for amore extended period (e.g., five
seconds, tens seconds, fifteen seconds or more). After the extended period expires, the entire
cycle could berepeated. Thisisonly one example, asthe controller 52 can be programmed to
carry out any other variations of suction/vacuum cycling desired. For example, amother could
program the controller 52 to mimic the patterns of her baby when feeding, including
programming the patterns of timing for pausing between sucks, how hard they suck (amount
of suction/vacuum) and the frequency of sucking.

[00222] Pressure sensor 54 is preferably located in the breast adapter 10, preferably at a
location near wherethe nipple 3isreceived. Alternatively, the pressure sensor could be placed
anywherein juxtaposition with the suction/vacuum space. Further aternatively, in addition to
the placement of the pressure sensor 54 in the breast adapter as illustrated in Fig. 2, one or
more additional pressure sensors could be further included downstream of this location,
including, but not limited to: distal of region 40, in between regions 40 and 42, proximal of
region 42, but adjacent thereto, and/or distally adjacent oneway valve 50. In one embodiment,
pressure sensor 54 is made as a "window" of the same material that surroundsit, so that it is

sensitiveto pressure changes and flexesinwardly or outwardly in responseto pressure changes
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within the space that it is located.

[00223] Fig. 43 isan exploded illustration of system 100 according to another embodi ment of
the present disclosure, in which pressure sensor 54 is placed at the proximal end of the breast
adapter 10 where the breast adapter 10 and tubing 32 are integrated and form the acute angle
turn so that tubing 32 extends back distally along the contour of the breast adapter 10. An
opening 432, which may optionally be closed off by a visibly transparent window 434, is
provided in housing 34 and configured, dimensioned and positioned to be aligned with
pressure sensor 54 upon insertion of the breast adapter 10/tubing 32 unitinto thehousing 34in
amanner as described previously. Opening 432 (and optionally window 434) allow optical
sensing of the deviationsin position of sensor 54 asthe sensor 54 flexesin or out asaresult of
pressure change in the space within the breast adapter 10/tubing 32.

[00224] Figs. 44A-44B illustrate operation of the pressure sensor 54 to detect pressurewithin
the system. Fig. 44A shows pressure sensor 54 in an undeflected state at a known pressure.
The pressure may be, for example, atmospheric pressure, or the minimum suction/vacuum
level to be sustained (e.g., -60mm Hg or -50mm Hg or some other predetermined minimum
suction/vacuum level), or some other known pressure. As suction/vacuum increaseswithinthe
breast adapter 10, pressure sensor 54 flexes inwardly, as illustrated in Fig. 44B. The
position/amount of deflection of the pressure sensor window 54 can be optically monitored by
an optical monitor 440, which may include, but is not limited to: alight source, one or more
fiber optic fibers, or the like. Alternatively, a metal/magnetic proximity sensor can be used,
such as described with regard to Figs. 45A-45C. The amount of window deflection of the
sensor 54 correlates to the pressure (suction/vacuum) within the breast adapter 10. The
controller 52 receives optical signals (or e ectric signals converted from the optical signals of
optical monitor 400), cal cul ates the amount of deflection of sensor 54 indicated by thesignals,
and calcul ates a pressure reading from the amount of deflection calculated.

[00225] An aternative type of pressure sensor 54' that could be used is a Non- Contact
DVRT®, availablefrom Lord Microstrain Sensing Systems (Cary, North Carolina). Thistype
of pressure sensor uses two coils 450, 452, one for sensing and the other for temperature
compensation, see Fig. 45A. A metallic and/or magnetic target 454 is embedded in the
material of the breast adapter 10, (or portion of tube 32, see Figs. 45B-45C) inaregion 10', 32'
that isrelatively more flexible than the portions of the breast adapter 10/tube 32 that surround
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the region 10", 32, respectively. The region 10, 32' may bein any of the locations described
abovewith regard to sensor 54. Theflexibleregion 10', 32' can formed as a part of the breast
adapter 10/tube 32, such asby molding it to be thinner and moreflexible than the surrounding
areas. Alternatively, theflexibleregion 10', 32' can be grafted onto the breast adapter 10/tube
32, such as by forming a cutout region and then bonding (vulcanizing, or the like) a more
flexible component over the cutout region. As the pressure in the breast adapter 10/tube 32
varies, the distance between the magnetic target 454 and the coils 450,452 varies, asillustrated
in Fig. 45C due to the deflection of the flexible region 10, 32'. The coils 450, 452 sense
displacement of the target 454. as the change in distance changes the field of inductance and
resultsin ameasurabl e change of either current or voltage. The changein voltageor current, is
received as a signal from the sensor 54' by controller 52. The signal can be calibrated and
correlated to changesin pressure within the breast adapter 10/tube 32. Signal s representative
of the pressure change are sent by sensor 54' to controller 52 via electrical line 456 (or,
aternatively, wirelessly), where controller 52 can cal cul ate displacement and pressure based
onthesignalsreceived. Other aternative pressure sensorsthat could be employed include, but
are not limited to: strain gauges, piezoelectric devices, or other pressure sensors currently
available that can measure the pressure levels induced by the present system.

[00226] Fig. 46 isaschematic representation of apump region 30' that may be used in any of
the breast pump systems described herein, according to another embodiment of the present
disclosure. Pump region 30" uses only one servo motor (or a DC motor with gearing) 44 to
actuate both compression elements 36, 38. Motor 44 is mechanically connected toadrivearm
462 that rotates to drive compression elements 36, 38 alternatively. In theinitial actuation of
motor 44 the drive arm 462 is swept viarotation about 464 (counter-clockwise in Fig. 46) to
release compression e ement 36 to enable tube 32 to rebound, upon complete retraction, a
toggle 462 is actuated, so that the next operation of motor 44 rotates the drive arm 46 in the
opposite direction (clockwise in Fig. 46) to drive the compression element 36 to compress
region 40 of tube 32. Thetoggle 460 isagain actuated at the end of this operation and the next
operation of motor 44 actuates the drive arm 460 to retract compression element 38 to create
the high level suction/vacuum (e.g., -200mm Hg) in the tube 32). The motor 44 controls the
drive arm 460 to halt or reverse direction when the targeted high level suction/vacuum is

reached. Additionally, the entrance and exit of the drive arm into and from the zone 466
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actuates toggle 460 to cause the next motion of drive arm 464 to bein the opposite direction.
[00227] The breast pump systems according to the present disclosure may optionaly be
designed with the capability of communicating to an external computer which may be, but is
not limited to: asmartphone, atablet computer, alaptop computer, a notebook computer or a
server. Fig. 47 isaschematic representation (not to scale) of transfer of datawirelessly from
controller 52 to smartphone 470. Controller 52 may include awirel esstransmitter 472 that can
be actuated by the user viacontrols 252 to send datato the external device 470 at will, aslong
asthe external device 470 isin range of the transmitter 472. Alternatively, or additionally, a
hard wire connection may be provided to send the data over the hard wire to the external

device 470. Further alternatively, controller 52 can be provided with a BLUETOOTH®
transmitter, so that datais automatically transmitted to the external device 470 whenever the
external device470ininrange of the BLUETOOTH® transmitter. Still further, controller 52
can be configured to automatically upload datato a server in the cloud and/or upload data to
the cloud when instructed to do so by the user using controls 252. The uploaded data can then
be used or shared in group studies of the data. Further, the external device 470 may be capable
of downloading other customized programsfor use with the breast pump system, which could
be updated by crowd sourcing results from other mothers, etc. The uploaded datacould aso be
useful for insurance companies or other entities having permission under the Affordable Care
Act (and/or the user's permission) to use the data.

[00228] The external device 470 can be provided with software to customize pump functions
based on datareceived from the controller 52, to calculate volume of milk extracted, to track
expression efficiency and monitor it over time (within asingle extraction session, aswell as
over multiple extraction sessions), keep track of inventory of previous expression sessions,

dates of the sessions, and the specific containers 60 used in each individual session. This
tracking can be useful for remindersto use the containers of milk 60 with aspecified time, and
can organize order in which the containers are to be used (e.g., first-in, first-out, or other
scheme). Pump functions can be customized by varying suction levels, atering suction
waveforms (amplitude and duration of application of suction), phases of extraction or feeding
times, rest programming, heating temperatures and times, vibration frequency and duration,

etc. Also the battery level can be monitored and awarning provided when the battery reachesa

predetermined low level of charge. The externa device may aso use the display 478 to
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display one or more photos of the mother's baby during an extraction session to increase the
emotional and physical reinforcement to simulate what is provided when the baby is actually
feeding.

[00229] The extraction and expul sion phases of the cycle can be repeated continuously from
the beginning to ending of a extraction session. Alternatively, controller 52 can be
programmed to intermittently go through a rest phase during which all suction/vacuum is
removed and the breast is exposed to atmospheric pressure. In the rest phase, the breast
adapter 10 can be maintained sealed against the breast 2 by the support of the system 100 by
bra 130 and, optionally, with an adhesive applied to the breast adapter 10 whereit contactsthe
breast. The rest phase can be instituted to simulate the feeding baby "taking a break™ from
feeding, even though the feeding session has not yet ended. Additionaly, such rest phases may
help prevent edema, mastitis, or other problems that might occur without them. A rest phase
can be commenced after a predetermined number of extraction and expulsion phases have
been carried out or after apredetermined time of carrying out extraction and expul sion phases.
The rest phase may be carried out for a predetermined time (a few seconds or more) after
which suction/vacuum is re-established and the extraction and expulsion phases are again
carried out. Further optionally, arest phase may be commenced upon sensing via pressure
sensor 54 that milk flow hasfallen below a predetermined flow rate or hasfallento zero. The
rest phase can also be initiated by user at the user's discretion, as various users may want to
pump for relatively longer or shorter periods between rest phases.

[00230] The connection between the container 60 and tube 32 may be monitored to ensurethat
the connection remains throughout an extraction and expul sion session so that milk isnot lost
or wasted. One way of monitoring isto make components 66 and 63 metallic (see Fig. 48) or
provide tube end 56 and connector 64 with other metallic contacts that are joined to make
electrically contact when container 60 is properly connected to tube 32. The metallic
connection iselectrically connected to controller 52 which monitorsthe circuit to ensure that
conductivity ismaintained. If the container 60 should become dislodged or removed from the
system such that conductivity isbroken, the controller 52 immediately sensesthedisruptionin
conductivity and shuts down the pumping region 30.

[00231] Likewise, motors44, 46 may be provided with heat sensor 490 and/or motion sensors

492 (e.g., tachometer or other motion sensor) to provide feedback to controller 52 as to the
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operating temperatures of the motorsand/or movement and/or rate of movement of the motors,
asillustrated in Fig. 49. This feedback can be used by the controller to shut down or slow
down one or more motorsif it overheats or failsto move properly when activation signalsare
applied.

[00232] A breast pump system according to the present disclosure may optionally be provided
with apressurerelief mechanism to prevent generating too great a suction/vacuum within the
system. Fig. 50 illustrates a pressure relief member 502 placed in the breast adapter 10, and
also shows aternative, or additional locations for pressure relief members 502 in phantom.
Pressure relief member 502 may comprises a pressure relief valve that automatically opens
when a predetermined pressure that the valveisdesigned for is exceeded. For example, valve
502 may automatically open when the suction/vacuum pressure drops below -250mm Hg or
some other predetermined suction/vacuum level. Optionally, pressure relief member 502 may
bein electrica communication with controller 52, such that controller 52 could automatically
activate pressure relief member based on monitoring conditions indicating that the
suction/vacuum is too great, or for rapidly initiating a rest phase, or is some other problem
with the system is sensed. Still further, a user can control the controller 52 manualy via
controls 252 to manually initiate the pressure relief valve 52. A further alternative pressure
relief member 52 is alever arm or plunger than can be eectricaly activated by a coil to
physically break the seal between the breast adapter 10 and the breast.

[00233] Fig. 51 showsalongitudinal sectional view of abreast adapter 10" that may beusedin
any of the breast pump systems described herein, according to another embodiment of the
present disclosure. In addition to the primary flange 510 provided for receiving a portion of
the breast 2 therein, adapter 10" includes asecond flange 512 that loops or foldsinwardly from
the primary flange 510 and contactsthe breast 2 when the breast isinserted into the system for
carrying out an extraction session. Secondary flange 512 isdesigned to remainin contact with
the breast 2 at all times during wearing of the system and preferably forms a seal with the
breast. When the system has no suction/vacuum applied and up to a suction/vacuum level of
the maximum suction/vacuum level applied during expulsion (e.g., 50mm Hg or 60mmHg), a
gap 514 exists between the secondary flange 514 and the primary flange 510. This is
advantageous in that if the system should become disconnected from the breast 2 for any
reason, any milk in the breast adapter will be captured between theflanges 510 and 512 inthe
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gap 514, so that no milk spillage will occur. During the extraction phase, when the higher
suction/vacuum is applied (e.g., -180mm Hg, -200mm Hg or -220mm Hg), the stronger
suction/vacuum collapses the gap 514 and the resulting contact between the secondary flange
512 and primary flange 510 drives out any milk that may have been present in the gap 514 and
into the tube 32. The collection of milk in gap 514 will occur even if the breast moves awvay
from the flange 512 momentarily during an extraction phase, as this results in a loss of
suction/vacuum and the gap 514 immediately reopens.

[00234] Figs. 52A showsalongitudinal sectional view of abreast adapter 10" that that may be
used in any of the breast pump systems described herein, and which isavariation of the breast
adapter 10' shown in Fig. 51. In addition to the primary flange 520 provided for receiving a
portion of the breast 2 therein, adapter 10" includes a second flange 522 in the form of a
flexiblelip that extendsradially inwardly from the primary flange 520 and contacts the breast
2whenthe breast isinserted into the system for carrying out an extraction session. Fig. 52B is
arear perspective view of breast adapter 10" and tube 32 showing the surface of the flexible
lip 522 in its unbiased configuration, where it extends radially inwardly and, together with
flange 520, forms gap 514. Deflectablelip 522 isdesigned to remain in contact with the breast
2 at all timesduring wearing of the system and preferably forms a seal with the breast. When
the breast 2 isengaged with the system, thelip 522 is deflected further inwardly by the breast
contact (see Fig. 52C), thereby reducing or eliminating the gap 514 and driving milk from the
gap 514 towards the nipple housing space 524. When the system breaks contact with the
breast, the deflectable lip resiliently returnsto the unbiased position shown in Figs. 52A-52B
and captures any excess milk left in the nipple housing space, preventing it from spilling out
of the breast adapter 10".

[00235] Fig. 53 A isafront, exploded view illustrating the breast adapter 10 and tube 32, main
housing 34 and milk container 60 according to an embodiment of the present disclosure. The
main body/housing is smoothly contoured on its distal surface, so as to form a visua
impression of the breast 2 when received in bra130. A notch 530 is provided at the top of the
main body 34 that is configured and dimensioned to receive the one-way vave 50 of container
60 for connection to tube 32.

[00236] Fig. 53B is arear, exploded view of the componentsillustrated in Fig. 53A. This
perspective better shows the contours of the main body 34, illustrating its "egg-shape" or
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"pear-shape” front profile. Also shown isthelocation of the nipple cavity 532 that isbelow the
center of the main body 34. The proximal (rear) surface 34P of the main body 34 isconcavely
contoured and the breast adapter 10 follows this contour so as to cup the breast 2 asit is
received and provide comfort and low profile.

[00237] Fig. 53C is afront view illustrating the breast adapter 10 and tube 32 having been
installed in the main body 34. The compliant region 12 of breast adapter 10 overliesthe edge
of main housing 34 so that no seams or edges are present when the breast adapter isin contact
with the skin of the breast 2. The proximal end of tube 32 is shown located within the notch
530, in preparation for connection of the container 60 thereto viaone-way valve50. Fig53D is
arear view of the components shown in Fig. 53C. The smooth interface provided by the
compliant region overlapping the edge of the main body 34 can be seen, and tube 32 can be
seen extending up to the notch 530.

[00238] Fig. 53E illustrates afront view after attaching the container 60 to the main body 34.
The container 60 in this embodiment defines a cut-out region 534 that is a spaced formed
where the container is absent, such that it does not form afull ring. This cut out region 534 as
shown spans about ninety degrees of the ring space, but may be as low as about forty-five
degrees or as large as about one hundred thirty five degrees, or spans a region anywhere in
between 45-135 degrees. Theregion 536 (emphasized by dotted elipse 538 in Fig. 53E) that is
not covered by the contai ner 60 when container 60 is mounted on main body 34, better allows
the container 60 to conform to the shape/contours of the main body 34 and aso provides an
open areawhere the controls 252 and/or display 250 can be provided on the main body. Fig.
53F is a rear view of the assembly shown in Fig. 53E. Alternatively, container 60 may be
provided as afull ring, asillustrated in Fig. 53G, or other container configurations, such as
those described herein may be used. In Fig. 53G, container 60 is attached to main body 34 by
a short tab or tubular extension 540 that interconnects tube 32 and one-way valve 50. The
extension 540 positions container 60 so that aportion of main body 34 isvisibleon either side
of the extension, so that controls 232 and/or display 230 can be positioned for viewing by the
user. Extension 540 a so provides an even hanging/balance to the container asit fillsup with
milk.

[00239] Fig. 54 illustrates an assembly of the breast adapter 10 and tube 12 in the main body

34 according to another embodiment of the present disclosure. In this embodiment, flanges
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12F are provided to extend distally from the overlap of compliant region 12 on the edge of
main body 34. Theflanges 12F a so taper distally to form asmoother transition with the breast
2 when the system 100 is mounted on the breast 2, thereby making the system 100 lessvisible
or noticeable when worn by auser. Thetapered, thin flexibleflange 12F extends distally from
the outer edge of the compliant region 12 that snaps around the circumference of the main
body 34 of system 100. Flexibleflange 12F is preferably, but not necessarily integrally formed
with the compliant region 12 and breast adapter 10.

[00240] Figs. 55A-55E illustrate the interaction between compression elements 36, 38 and
resilient tubing 32 and a pumping sequence according to another embodiment of the present
disclosure. In this embodiment, compression element 36 comprise ashort length compression
effector 36A (in this case, compression effector 36A has the same length or diameter of the
shaft of the compression element 36 and may optionally be simply thefree end of the shaft), to
reduce the amount of force necessary to function as a shut off valve by sealing the region 40.
The compression element 38 in thisembodiment moves horizontally (in the Figs, but could be
adifferent direction depending upon the orientation of the system) along the length direction
of the tube 32. Thus rather than moving against the tubing 32 radially inwardly or retracting
away from the tubing 32, compression element 38 rolls or slides along the tube to change the
suction/vacuum levelsin the system.

[00241] The compression surface of the compression element 38 maintainsaconstant distance
550 from the anvil surface 232A of the channel 232 that the tube is positioned in. This
maintains the tube 32 in an unsealed configuration, such that the tube portion that is between
the compression element 38 and anvil surface 232A is maintained in a collapsed, but not
sealed condition, see 552. Fig. 55A shows an orientation in which the minimum
suction/vacuum (e.g., -60mmHg or -50mm Hg, or some other predetermined minimum) is
maintained against the breast. The compression element 36 is fully retracted away from the
tube, so that the tube is not compressed in region 40. In this phase, the mgjority of the tubing
region 42 is compressed, but not sealed off.

[00242] To move the system to an active suction phase, where the maximum predetermined
suction/vacuum is generated (e.g., -200mm Hg, -220mm Hg or some other predetermined
maximum suction/vacuum level) the compression element 36 maintains it position and the

compression element 38 isdlid or rolled in adirection away from the breast to enabl e tubing
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region 42 to return to its uncompressed configuration and generate suction/vacuum, see Fig.
55B. The compression element 38 can be continuously controlled by controller 52 using
feedback from pressure sensing the suction/vacuum space, to move toward or away from the
breast in order to maintain the predetermined maximum suction/vacuum level, which can be
programmed into the controller for use in the feedback loop used to maintain the maximum
suction/vacuum. Movement toward the breast decreases the suction/vacuum while, conversdly,
movement away from the breast increases the suction/vacuum. Fig. 55C shows the
compression element 38 having been returned to the position shown in Fig. 55A to re-establish
the predetermined minimum suction/vacuum, in this case, -60mm Hg. The changein volume
within the tubing between the distal end of compression element 38 and the breast 2 when
moving from the position of element 38 in Fig. 55B to the positionin Fig. 55C isthe volume
of milk expressed during that cycle, assuming no air leaksto the system. Thus by knowing the
inside diameter of tube 32 and the rel ative positions of compression element 38 (astracked by
controller 52), an estimate of the volume of milk that ismoved proximally of the compression
element 38 can be cal cul ated by the controller 52. Further, the cal cul ated estimates of volume
can be displayed on the system display 230, wirelessly outputted to an external computing
device such as a smartphone or other computer, and/or uploaded to the Internet, such asto a
web-based cloud server.

[00243] As the predetermined minimum suction/vacuum level is reached, the compression
element 36 is actuated and driven to seal off the tubing in region 40, as shown in Fig. 55D.
Note that the tubing 32 in contact with element 38 isnot sealed of f, see 552. Once the tube 32
is sedled off by element 36 so that the minimum suction/vacuum level is maintained against
the breast 2, compression element 38 isrolled or slid toward the breast (and toward el ement
36) to transfer the volume of milk located between the elements 36 and 38 distally of element
38 and out through one-way valve 50 into the collection container 60, as illustrated in Fig.
55E. The movement of element 38 toward element 36 generates a positive pressure in the
space between elements 36 and 38 that drives the milk out through the partially opened tube
552, 32 and proximally of the element 38. After completing the expulsion phaseillustrated in
Fig. 55E, the compression element 36 is retracted while maintaining at least the minimum
suction/vacuum level against the breast by adjusting the element 38 as needed as the cycle

returnsto Fig. 55A in preparation for another extraction phase.
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[00244] The amount of dead spacein the system, e.g., the summation of spaces 92 and 96 in
Fig. 12, impacts the size and characteristics of the tubing 32 needed to generate sufficient
suction/vacuum levels. A relatively larger dead space requires a relatively larger inside
diameter of tube 32 and/or active tubing length (i.e., the length of tube 32 that is compressed
and released to generate suction/vacuum, such as the region 42 in Figs. 55A-55E).
Additionally, the dead space will change as the suction/vacuum level is increased and the
nipple 3 is sucked further into the nipple reception cavity of the breast adapter 10, thereby
reducing the volume of the dead space somewhat. Expression of milk decreases the active
suction/vacuum level applied. This decrease in suction/vacuum can be measured to estimate
the volume of milk having been expressed. Further, the pressure sensor used for
suction/vacuum level measurement can be used in an active feedback loop by the controller 52
to adjust the compression element 38 (or, in other embodiments, both elements 36 and 38) to
maintain the desired, predetermined maximum suction/vacuum level. The maximum
suction/vacuum level that the system is capable of generating isgoverned by the properties of
the tube 32, including inside diameter, wall thickness, material and durometer of the tube 32.
In the embodiment of Figs. 55A-55E, the tubing 34 is configured with acapacity to generatea
suction/vacuum that exceeds the predetermined maximum suction/vacuum level.

[00245] When there is no flow of milk in the tube 32, the pumping region 32 may lose the
ability to cycle through the full range of predetermined suction/vacuum pressures, and will
maintain alower mean suction/vacuum pressure. For example, when flow discontinues, the
system may not be ableto cycle up to -60mm Hg, but, instead alternates between -200mm Hg
and -90mm Hg. Controller 52 can be programmed to review pressure readings from a
predetermined number of previous cycles and evaluate at least one of: the pressure peaks of
the waveforms of the predetermined number of previous cycles; or cal culate and compare the
mean suction/vacuum pressure levels of the predetermined number of previous cycles. If the
pressure has not reached the predetermined minimum suction/vacuum level (e.g., -60mm Hg)
during the predetermined number of previous cycles, thisindicates that the milk expression
and expulsion session has ended, asthere isno more flow in the tube 34. When such an event
is reached, the controller 52 may be programmed to automatically shut off the system 100.
This routine would not be active during the letdown phase, e.g., during thefirst four minutes

(or other predetermined time period measured from commencement) of the pumping cycleas
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the user isin the letdown phase and is not expressing milk. When the system automatically
shuts off the controller can indicate on display 250 the pumping session has ended and/or send
an aert to an externa computer such as a smartphone or other device to indicate that the
pumping session has ended. Additionally, the estimate volume of milk pumped during the
session can be displayed on the display 250 and/or sent to an external computer.

[00246] Alternatively aflow sensor 560 may be provided in the system (see Fig. 56) to enable
the user to check in real time how much milk has been pumped, as areal time real running
total of milk volume can be estimated and displayed on display 250 and/or sent to be displayed
on asmartphone or other external computer. The controller 52 can be programmed such that,
when monitoring the flow sensor 560, it will automatically shut off the system after a
predetermined time period (e.g., two minutes, four minutes, or some other predetermined time
period) has passed during which there has been no milk flow.

[00247] In addition to sensing when milk expression stops or when collection vessel 60isfull,
the system 100 can a so auto detect when full let down occurs. The pump region 30 may start
with apreprogrammed cyclethat isintended to assist in letdown. Thiscycleistypically faster
in frequency and shallower in vacuum amplitude than that of the expression cycle. Theinitial
let down cycle may be modified by auser tofit the user's personal preferencesviaa'learning”
or "program” mode in the controller 52 of system 100. While the system is going through its
initial "letdown™ cycle, it can track the pressure changesin the breast area. Oncemilk flows, it
will affect the pressure positively. Upon such a change - with appropriate delays, checks,
confirmation, the program can automatically switch to adeeper, fuller expression modewhere
the cycle typicaly slows down and pressure (vacuum) amplitude increases. Additionally,
while in expression mode, the system can monitor pressure changes. Knowing compression
elements 36, 38 positions, speed, power, and pressure generated (immediate, history,
expected) the system can monitor and calculate milk expression flow or some corollary
measure that isrelative to flow. The system can then optimizeits action (frequency, pressure
profile, etc.) to optimize milk expression.

[00248] The controller 52 of the system 100 can optionally be programmed to "overshoot”
some meaningful amount of pressure or frequency to help "push” the demand experienced by
the mother and help enhance the breast's mechanism to increase supply.

[00249] By providing a tube 32 designed to create a maximum value that exceeds the
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predetermined maximum operating suction/vacuum, this enables the system to have enough
reserve capacity so that, after the pumping region 30 has finished cycling (either because the
user manually shutsit off or the cycles were stopped automatically though feedback because
there was no more milk expressed), the compression elements 36, 38 have reserve travel
remaining so that they can be further operated to further compress the tube 32 in order to
return the suction/vacuum pressure of the system to zero so that the user doesn't feel the
feeling of removing a suction cup from the breast 2, but rather the system readily detaches or
falls off, without any remaining suction resisting removal. This operation to return the
suction/vacuum to zero can be automatically carried out as part of the shutdown process of the
system. The system 100 can be provided with an indicator, such asan indicator light, audible
indicator, or other indicator readily interpreted by the user to indicate to the user when the
suction/vacuum has been removed after shutdown. Fig. 57 illustrates an embodiment of
system 100 according to the present disclosure which hasbeen provided with an indicator light
570. When the system 100 is manually shut down by the user, theindicator light changesfrom
agreen color to ared color, for example, and after a predetermined time (e.g., two seconds or
some other predetermined time) the red light stays on while the system operates the pumping
region 30 to return the pressure level to zero. Once the pressure returns to zero, the indicator
light turns off, indicating to the user that it is okay to removethe system 100 from the breast 2.
[00250] Fig. 58A isafront, exploded view of system 100 according to another embodiment of
the present disclosure, illustrating breast adapter 10 and tube 32, main housing 34 and milk
container 60 according to an embodiment of the present disclosure. The main body/housingis
smoothly contoured onitsdistal surface, so asto form avisual impression of the breast 2when
received in bra130. A notch 530 isprovided at the top of the main body 34 that is configured
and dimensioned to receive the one-way valve 50 of container 60 for connection to tube 32.
Container 60 is provided with baffles 76 to help maintain the shape of the container 60 to
conform to the main body 34 asit fills with milk.

[00251] Fig. 58B is afront view illustrating the breast adapter 10 and tube 32 having been
installed in the main body 34. The compliant region 12 of breast adapter 10 overliesthe edge
of main housing 34 so that no seams or edges are present when the breast adapter isin contact
with the skin of the breast 2. The proximal end of tube 32 is shown located within the notch

530, in preparation for connection of the container 60 thereto via one-way valve 50.
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[00252] Fig 58C illustrates the process of attaching the container 60 to the system. As the
extension 62 isinserted into the distal end 66 of tube 32 so that detents 64 are received in
mating receptaclesin thedistal end 32 to connect (with optional inclusion of oneor moreseals
such as O-rings, or the like) the container 60 and tube 32 with a liquid-tight, airtight
connection, the container 60 is fitted over the main body 34, so it conforms closely to the
shape of thefront surface of the main body, so asto be well-conceal ed within abra. Container
60 in this embodiment is not continuously concentric, but forms a cutout region 536 (at the
bottom portion of the container in this embodiment) to allow the container 60 to assume a
curved concave surface to follow the convex surface of main body 24 without wrinkling or
buckling. The cutout region may be wedge-shaped, as shown and span about 25 to 45 degrees
of the circular shape of the container 60 when it islaid flat.

[00253] Fig. 58D illustrates the assembled system 100, with the container having been
connected and fitted over the main body 34 to conform to the contour thereof. Fig. 58E shows
the system 100 with the container 60 having been partially filled with milk 4. The baffles 76
areillustrated asfacilitating the even distribution of milk 4 in the container 60 asthe container
maintainsits original configuration following the contours of the front surface of main body
34.

[00254] Fig. 59A isafront, exploded view of system 100 according to another embodiment of
the present disclosure, illustrating breast adapter 10 and tube 32, main housing 34 and milk
container 60 according to an embodiment of the present disclosure. This embodiment is
essentially the same asthe embodiment of Figs. 58A-58E, except that container 60 isprovided
with graduation markings 590 configured to accurately measure the amount of milk collected.
In the embodiment shown, the graduation markers 590 indicate 1 oz., 2 oz., 3 0z. and 4 oz.,
respectively. The markers 590 may, of course, bevaried to indicate different volumelevels, if
desired.

[00255] Fig. 59B isafront view illustrating the assembled system 100, with the container 60
having been connected and fitted over the main body 34 to conform to the contour thereof.
The container 60 is further shown as having been partially filled with milk 4, with the
graduation markers being viewable to estimate that the volume of milk 4 collected is about
three and a half ounces. The baffles 76 areillustrated as facilitating the even distribution of

milk 4 in the container 60 as the container maintainsits origina configuration following the
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contours of the front surface of main body 34.

[00256] Fig. 59C is arear, exploded view of system 100 of Figs. 59A-59B, illustrating the
nipplereceiving cavity 702 of breast adapter 10 that is configured to receive the nipple 3while
leaving avacuum-suction space between the nipple 3 and the breast adapter. Also visiblefrom
this rear view is the channel 430 in main body 34 that is configured and dimensioned to
receive tube 32. The graduation markers 590 on container 60 are also visible from the rear
view. The exploded view of Fig. 59C illustrates how the components of the system 100 can be
assembled and disassembled. In the embodiment shown, breast adapter 10isformedintegrally
with tube/conduit 32 as a single unit. As noted previously, adapter 10 and tube 32 could be
formed separately and then joined to form an airtight, liquid-tight connection. In addition to
contai ning the pumping mechanism 30, housing 34 includes a receptacle 230 configured and
dimension to receive the breast adapter 10 and snugly hold it in the operable position shownin
Fig. 1. Housing 34 also includes achannel 232 configured and dimensioned to receive tube 32
and hold it in proper position so that it can be acted upon by compression elements 36, 38 as
intended. Tube 32 can be received in channel 232 with asnap or friction fit, for example, so
that it isheld in alignment with the compression elements 36, 38, with the closest surface to
the compression elements 36, 38 being positioned for movement under compression and
resilient return to an uncompressed state, while the opposite surfaceisheld stationary against a
surface of the channel 232.

[00257] Fig. 59D isapartialy exploded rear view of the system 100 of Fig. 59A, showingthe
breast adapter 10 and tube 32 having been installed in the main body 34. The compliant region
12 of breast adapter 10 overlies the edge of main housing 34 so that no seams or edges are
present when the breast adapter isin contact with the skin of the breast 2.

[00258] Fig 59E illustrates the process of attaching the container 60 to the tube 32 and main
body 34. Note that the distal end of the tube 32 isnot visible from thisview. Asthe extension
62 is inserted into the distal end 66 of tube 32 so that detents 64 are received in mating
receptaclesin the distal end 32 to connect (with optional inclusion of one or more seals such
as O-rings, or thelike) the container 60 and tube 32 with aliquid-tight, airtight connection, the
container 60 is fitted over the main body 34, so it conforms closely to the shape of the front
surface of the main body, so as to be well-concealed within a bra. Container 60 in this

embodiment is not continuously concentric, but forms a cutout region 536 (at the bottom
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portion of the container in this embodiment) to allow the container 60 to assume a curved
concave surfaceto follow the convex surface of main body 24 without wrinkling or buckling.
The cutout region may be wedge-shaped, as shown and span about 25 to 45 degrees of the
circular shape of the container 60 when it islaid flat.

[00259] Fig. 59F is arear view of the system 100 of Fig. 59A after having been assembled.
This rear view shows another perspective of how the container 60 closely conforms to the
curvature of the front surface of the main body 34. Fig. 59G isarear view of the system 100
of Fig. 59F after having collected milk 4 in the container 60. This rear view shows another
perspective of how, even after collecting milk to near full capacity, the container 60 continues
to closely conform to the curvature of the front surface of the main body 34.

[00260] Fig. 60 illustrates a valve feature that may be provided on any of the systems
described herein, according to an embodiment of the present disclosure. Asthe compression
element 38 moves from the position shown in solid lines to the position shown in phantom
linesto reduce the vacuum from the high operating vacuum level for extraction (e.g., 200mm
Hg or thelike) to the low vacuum level (e.g., 60mm Hg or the like) to be maintained against
the breast 2 during the pumping (expulsion) phase, a controlled valve may be provided in
order to facilitate the flow, working together with the compression elements 36, 38. In the
embodiment shown in Fig. 60, a valve mechanism 590 is provided to operate the one-way
valve 50 to reduce the resistance to flow of the breast milk. In this embodiment, when the
compression element 38 nearsthe end of its compression stroke (as shown in phantomin Fig.
60), it contacts pivot arm 592, forcing the contacted portion down and pivoting the opposite,
non-contacted portion about pivot joint 592 to drive pushrod 594 upwardly. Pushrod 594 in
turn pushes against lever arm 596 which rotates about pivot joint 599 forcing the free end of
lever arm 596 against one-way valve to temporarily open it. The valve 50 closes when the
compression element 38 retracts. The compression element 38 retracts in response to the
pumping mechanism operating in its desired range of 60mm Hg to 220mm.

[00261] Fig, 61 isalongitudinal sectional view of breast adapter 10 and a portion of tube 32
illustrating a pressure relief valve according to an embodiment of the present disclosure. In
this embodiment one or more channels 920 may are provided in the wall of the breast adapter
10 to provide fluid communication between an external vent 922 and a valve 924, that

together, form the pressure relief valve. Valve 924 as shown isin the form of aflap that can
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deflect. Flap 924 has a predetermined spring constant that keepsit in the closed configuration
shown until apredetermined maximum suction value has been reached, such as-200mm Hg, -
220mm Hg, or some other predetermined maximum suction level. Once the maximum suction
level is exceeded, flap 924 opens to release vacuum from within the breast adapter 10 as
outside air is ported through the vent 922 and channel(s) 922. Flap 924 closes automatically
oncethe suction level drops back down to |essthan the predetermined maximum suction level.
[00262] Optionally, the nipple receiving portion of the main body 34 may be configured for
visualization therethrough so that auser, or asecond person can confirm proper placement and
alignment of the nipple 3' centrally within the breast adapter 10. The breast adapter portion
receiving the nipple is also made visually clear, like that of the main body, to facilitate this
visuaization. Milk flow may also be visible through this clear window 930, see Fig. 62.
Additionally, milk flow can be observed through the tube 32 and or container 60, which are
also see through.

[00263] In some embodiments, breast adapter 10 has features to prevent the breast from
becoming sweaty or too hot, for example, a large portion of the non-sealing portion of the
breast adapter can be a breathable fabric, have vent holes, or be made of acooling gel. The
main body 34 in some embodiments has features that al so prevent the breast from becoming
sweaty or too hot, for example, vent holesin the main body rel ease heat from the main body, a
cooling fan provides aflow of air to cool the main body or the breast, or hasacavity in which
areplaceable cooling pack is placed.

[00264] Fig. 63 isaschematic representation of aportion of asystem 100 that includesamain
body 34 that can be peeled back or partially separated from the breast adapter 10 to allow the
user or another person to see through the breast adapter 10, while maintaining the seal of the
breast adapter 10 against the breast 2. The rear edge portion 34E of the main body may be
made flexible to allow the peel back action.

[00265] The breast pump systems 100 of the present disclosure may be paired and used in
paralle (or serially) when mounted to both breasts 2 of auser. Ascan be appreciated from the
figures, the system can define a natural breast profile. The natural breast profile is
contemplated to fit comfortably and conveniently into a bra of auser and to present a natural
look. Assuch, the profileis characterized by having anon-circular base unlike that embodied

in agenerally dome-shaped configuration. Extending from the base are curved surfaces having
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asymmetric patterns. Moreover, like natural breasts, the profile of the device or system is
contempl ated to define one or more asymmetric curves and off-center inertial centers. Various
natural breast shapes can be provided to choose from to the tastes and needs of auser. Fig. 64
isaperspective view showing apair of breast pump systems 100, according to an embodi ment
of the present disclosure.

[00266] Fig. 65 shows auser wearing two breast pump systems 100 on breasts 2, the systems
being supported by abra 130. Fig. 66 shows the ability of the systems 100 to be used by the
user whilereclined or lying in asupine position. Fig. 67 showsthe user wearing ablouse over
the breast pump systems 100 and bra 130, demonstrating the degree to which the present
system can be conceal ed, asthe systemsare barely noticeable, giving an elegant, natural 10ok.
Fig. 68 is the view of Fig. 67 with a portion of the blouse shown in phantom to show the
systems 100 and bra 130.

[00267] While the present disclosure has been described with reference to the specific
embodiments thereof, it should be understood by those skilled in the art that various changes
may be made and equivalents may be substituted without departing from the true spirit and
scope of the disclosure. In addition, many modifications may be made to adapt a particular
situation, material, composition of matter, process, process step or steps, to the objective, spirit
and scope of the present disclosure. All such modifications areintended to be within the scope
of the present disclosure as described herein.

[00267a] Throughout this specification, unless the context requires otherwise, the word
"comprise”, and variations such as"comprises’ and "comprising”, will beunderstood to imply
the inclusion of a stated integer or step or group of integers or steps but not the exclusion of
any other integer or step or group of integers or steps.

[00267b] Thereferenceto any prior art in thisspecification isnot, and should not be taken as,
an acknowledgment or any form of suggestion that the prior art forms part of the common

general knowledge.
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Claims Defining the Invention

1 An automated method of pumping milk from a breast, the method comprising:
forming a seal between a breast pump system and the breast;
pumping milk expressed from the breast through a conduit; and

maintaining at least alatch suction on the breast throughout a pumping session.

2. The method of any preceding claim, wherein expansion of the conduit generates

suction, the suction created solely by recoil of the conduit having been previously compressed.

3. The method of any preceding claim, wherein expansion of the conduit is supplemented
by driving the expansion with adriver.

4, The method of any preceding claim, wherein the suction applied to the breast for
expression of themilk comprisesafirst suction level, and wherein, during expulsing, asecond
latch suction level ismaintained against the breast, the second latch suction level being lower

than the first suction level.

5. The method of any preceding claim, further comprising compressing at least one
portion of the conduit and reducing compression of the at least one portion, wherein the
returning of the at least one portion toward its uncompressed state generates suction sufficient

to extract milk from the breast.

6. The method of any preceding claim, wherein pumping invol ves compressing asecond

portion of the conduit to generate a positive pressure.

7. The method of any preceding claim, further comprising providing a controller that
control pumping to assume a desired waveform.

8. The method of any preceding claim, further comprising providing a one-way vave

between the conduit and the container to prevent backflow of milk and air into the conduit.
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0. The method of any preceding claim, further comprising providing ahousing, wherein

the storage container is positioned within the housing.

10.  Themethod of any preceding claim, further comprising providing ahousing, wherein
the storage container is positioned on an external surface of the housing and against abraof a

user.

11.  Anautomated system for controlling pumping cyclesto pump milk from abreast, the
system comprising:

abreast adapter configured and dimensioned to form a sea with the breast;

a storage container for storing the milk pumped from the breast; and

aconduit influid communication with, and i nterconnecting the adapter and the storage
container;

wherein at least alatch suction is maintained throughout a pumping session.

12.  Thesystem of any previous claim, further comprising adriving mechanism configured

to compress aregion of the conduit.

13. Thesystem of any previousclaim, further comprising structure attached to the conduit

to facilitate expansion of the conduit.

14.  The system of any previous claim, further comprising a controller configured to
control operational settings of the system.

15.  Thesystem of any previousclaim, of any preceding claim, wherein the suction applied
to the breast for expression of the milk comprises a first suction level, and wherein, during
expulsing, a second latch suction level is maintained against the breast, the second latch

suction level being lower than the first suction level.

16.  Thesystem of any preceding claim, further comprising aone-way valve, the one-way
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valve preventing backflow of milk into the conduit.

17. The system of any preceding claim, wherein pumping involves compressing a second
portion of the conduit.

18.  Thesystem of any preceding claim, wherein the driving mechanism comprisesaroller

configured to roll against the conduit, in directions aong alength of the conduit.

19.  The system of any preceding claim, wherein pumping to pump the milk against
gravity.

20.  Thesystem of any preceding claim, further comprising abattery configured to supply

power for operation of system.

21.  Thesystem of any preceding claim, further comprising apressure sensor configured to

Sense pressure.

22.  The system of any preceding claim, wherein the controller adaptively controls

movements with input from a feedback |oop established with a pressure sensor.

23.  Thesystem of any preceding claim, further comprising at least one vibration element

configured to apply vibration to the breast.

24.  The system of any preceding claim, further comprising at least one heating element
configured to apply heat to the breast.

25.  The system of any preceding claim, wherein the conduit includes a lower surface
defining a V-shape cross-section.

26.  Thesystem of any preceding claim, wherein the milk flow is sensed and the controller

automatically changes application of suction from acycling of suction during aletdown phase
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to a sustained application of suction during an extraction phase.

27. The system of any preceding claim, wherein pumping is performed without application
of any mechanical motion to the breast or nipple.

28.  The system of any preceding claim, wherein said at |east one operational setting is
selected from the group consisting of: at least one suction level setting, suction waveform
definition, extraction phase time, threshold milk volume estimate per extraction phase,
expulsion pressure, rest phasetiming, heating temperatures, heating times, vibration frequency

and vibration times.

29.  The system of any preceding claim, wherein at least one operationa and sensed

parameters from the external computer is uploaded to a cloud server.

30.  Thesystem of any preceding claim, further comprising anon-contact pressure sensor.

31.  Thesystem of any preceding claim, further comprising astorage container, wherein the

storage container is positioned around the breast.

32.  The system of any preceding claim, further comprising a housing and a storage

container, wherein the storage container is contained within the housing.
33.  The system of any preceding claim, further comprising a housing and a storage
container, wherein the storage container is positioned externally of the housing and against a

user's bra

34.  Thesystem of any preceding claim, further comprising ahousing, wherein the housing
includes one or more transparent sections so that one can see though the housing.

35.  Thesystem of any preceding claim, wherein the system definesanatural breast profile.
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36.  The system of any preceding claim, wherein the conduit is conveniently removable

from the system and replaceable.

37. The system of any preceding claim, further comprising control buttons conveniently

located on an external surface of the system.

38.  Thesystem of any preceding claim, further comprising acontroller configured to alter
pumping when the user islying down, bending over, or in environments such asabumpy ride,

asin an automobile or airplane trip.



