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BREAST PUMP SYSTEM AND METHODS

FIELD OF THE DISCLOSURE

[0001] The present disclosure generally relates to a por-
table, hands-free, discrete, self-powered and energy efficient
breast pump system and method for collecting milk from a
breast of a nursing mother.

BACKGROUND OF THE DISCLOSURE

[0002] Asmore women become aware that breastfeeding is
the best source of nutrition for a baby, and also offers health
benefits to the nursing mother, the need is increasing for
breast pump solutions that are user-friendly, quiet, discrete
and versatile foruse by a nursing mother in various situations.
This is particularly true for the working mother, who is away
from the home for eight to ten hours or more and needs to
pump breast milk in order to have it available for her baby, but
it is also a requirement 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 a variety of breast pumps are available,
most are awkward and cumbersome, requiring many parts
and assemblies and being difficult to transport. Hand pump
varieties that are manually driven are onerous to 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 is using 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.

SUMMARY OF THE DISCLOSURE

[0005] Briefly and in general terms, the present disclosure
is directed towards breast pump systems and methods. The
system includes breast contacting structure, a collection con-
tainer and structure that extracts milk from a breast and deliv-
ers 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 seal 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 com-
pressed 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 applica-
tion 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 is maintained against the
breast, the second suction level being lower than the first
suction level.
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[0007] Invarious ofthedisclosed embodiments, the system
defines a natural breast profile. The natural breast profile is
contemplated to fit comfortably and conveniently into a bra of
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 contem-
plated to define one or more asymmetric curves and off-center
inertial centers.

[0008] The disclosed method can alternatively or addition-
ally involve one or more of providing a substantially 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 a second portion of conduit to gen-
erate pressure. A one-way valve between the conduit and a
storage can be provided to prevent backflow of milk and air.
[0009] A pump devicecanbe 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 a user’s bra. In one approach, the storage container is
positioned between the pumping structure of the deviceand a
user’s bra. In other approaches, the storage container is con-
figured 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 flex-
ible, 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 valves in the
conduit on opposite sides of a region 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 config-
ured to intermittently compress and release compression of
regions of the conduit. The driving mechanism may also have
its movements coordinated to create pressures sufficient to
drive extracted milk. A first driver can be configured to seal a
region of the conduit when milk is pumped, and sufficient
pressure can be created in certain embodiments to pump milk
against gravity.

[0010] A controller can be included in certain of the dis-
closed embodiments. The controller can be one or more of
electrically 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 fur-
ther included to sense pressure within a breast adapter and in
certain embodiments, the pressure sensor can be in electronic
communication with the controller. Moreover, in certain
approaches, the controller can adaptively control movements
of drivers with input from a feedback loop established with a
pressure or other sensor. The controller can further be pro-
grammable to changed control settings.

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

[0012] A breast adapter or pump system generally can
include at least one vibration element configured to apply
vibration to the breast, and/or at least 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 be further provided and can contain the driving mecha-
nism and controller. The housing also can include manually
operated controls for input to the controller, and additionally
or alternatively, a display 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 comprise a
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 the first
flange. Also, in certain embodiments, suction collapses the
gap between first and second flanges.

[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 a predetermined time or after
calculating an estimate of a predetermined volume of milk
having been extracted, the breast can be sealed off at a pre-
determined suction level. The system can be configured such
that a pumping mechanism is positioned less than 2.5 cm
from a nipple of a breast, or less than 2.0 cm from the nipple
or less than or equal to 1.0 cm from the nipple. Pumping can
further or alternatively 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 opera-
tional setting based upon the operational or sensed param-
eters. 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 vibra-
tion 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 be intermittent
where suction is reduced to zero at least once over the dura-
tion of a milk pumping session. Further, the suction level can
be monitored and a determination can be made when at least
a minimum suction level has not been maintained and the
system can be shut down. Indicators can be provided to indi-
cate ceasing of pumping and/or to indicate when the device is
to be removed from the breast. A non-contact pressure sensor
is also contemplated to be incorporated into one or more of
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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

[0018] FIG. 1 is an illustration of a breast pump system
according to an embodiment of the present disclosure.
[0019] FIG. 2 is a partial view of the system of FIG. 1
showing only a portion of the breast adapter.

[0020] FIG. 3 is a partial, schematic illustration of the sys-
tem of FIG. 1 showing the pumping region.

[0021] FIGS. 4A-4F illustrate the interaction between com-
pression elements and resilient tubing, and a pumping
sequence according to an embodiment of the present disclo-
sure.

[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 dimen-
sions 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 a breast pump system shown in FIG. 6,
according to an embodiment of the present disclosure.
[0025] FIG. 7B illustrates a breast adapter/tube configured
and dimensioned to be attached to the embodiment of the
main body/housing of a breast pump system shown in FIG. 6,
according to another embodiment of the present disclosure.
[0026] FIG. 7C illustrates a perpendicular relationship
between a longitudinal axis of the teat and the breast adapter
according to an embodiment of the present disclosure.
[0027] FIG. 7D illustrates an acute angular relationship
between a longitudinal axis of the teat and the breast adapter
according to an embodiment of the present disclosure.
[0028] FIGS. 8A and 8B are schematic, front and side illus-
trations, respectively, of a breast pump system showing place-
ment 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 optionally, varying materials from
which the various portions of the tube are made, according to
an embodiment of the present disclosure.

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

[0035] FIG. 13F shows a partial view of a system that
employs a second compression element according to another
embodiment of the present disclosure.

[0036] FIG. 14 shows a partial 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, accord-
ing 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 one way in which the tube can
be configured for attachment to one or both of the compres-
sion 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 is a partial view of a system employing
another embodiment of compression element, according to
an embodiment of the present disclosure.

[0042] FIG. 17B is a cross-sectional view of the compres-
sion element in FIG. 17A.

[0043] FIG. 17C is a cross-sectional illustration of a com-
pression element and tube being received in a channel 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 com-
pression element and tube being receive in a channel, wherein
the anvil surface of the channel is substantially V-shaped in
cross-section and the compression element has a compression
surface that is substantially V-shaped, according to an
embodiment of the present disclosure.

[0045] FIG. 17E shows a cross-sectional view of a com-
pression element and tube being receive in a channel, wherein
the anvil surface of the channel is concave in cross-section
and the compression element has a compression surface that
is convex, according to an embodiment of the present disclo-
sure.

[0046] FIG. 18 is an isolated illustration of a milk collec-
tion/storage container according to an embodiment of the
present disclosure.

[0047] FIG. 19 illustrates the connection features of the
tube and container that allow for easy and rapid attachment
and detachment of the container to and from the tube, accord-
ing 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 embodi-
ment of the present disclosure.

[0049] FIG. 21 illustrates a feeding nipple attached to a
container according to an embodiment of the present disclo-
sure.

[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.
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[0051] FIG. 23 is an exploded view of an alternative
arrangement for installing a container in a bottle and provid-
ing it with a feeding 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 a bra in which the
system is received, according to an embodiment of the present
disclosure.

[0053] FIG. 25 illustrates a milk collection container
according to another embodiment of the present disclosure.
[0054] FIG. 26 illustrates alternative locations for place-
ment of a container, according to various embodiment of the
present disclosure.

[0055] FIG. 27A illustrates a breast pump system using a
doughnut-shaped collection container according to an
embodiment of the present disclosure.

[0056] FIG. 27B is a side view of the system of FIG. 27A
shown mounted on a breast.

[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 is a side view of FIG. 28A, showing a
cross-sectional view of the container.

[0059] FIG. 28C illustrates a view with a container that
does not have baffles, containing the same volume of milk as
the container with baffles in FIG. 28B.

[0060] FIG. 28D is an illustration of a container showing
baftles arranged in a waffle pattern to control the even distri-
bution of the volume of milk as it is received, according to an
embodiment of the present disclosure.

[0061] FIG. 28E is a side view of a main body to illustrate
the dimensions of the main body, according to an embodi-
ment of the present disclosure.

[0062] FIG. 28F is an illustration 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, accord-
ing to an embodiment of the present disclosure.

[0064] FIG.29B illustrates a variant of a container in which
the one way valve is located on the outside of the annular
container, according to an embodiment of the present disclo-
sure.

[0065] FIG. 29C shows the one way valve and connecting
portion of the container of

[0066] FIG. 28B having been folded upwardly along a
baftle line to join the one-way valve to the tube of system,
according to an embodiment of the present disclosure.
[0067] FIG. 29D shows a container having been folded for
more compact storage, according to an embodiment of the
present disclosure.

[0068] FIG. 30 shows a milk collection container that is
ring-shaped to encircle the breast, according to an embodi-
ment of the present disclosure.

[0069] FIG. 31A 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.

[0070] FIG. 31B illustrates four different locations where
the breast can be alternatively compressed and allowed to
expand by using four massage drivers, according to an
embodiment of the present disclosure.
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[0071] FIG. 32A illustrates a breast adapter provided with
vibration drivers according to an embodiment of the present
disclosure.

[0072] FIG.32Bis arear view (open end) of breast adapter
showing vibration drivers such as motors or piezoelectric
devices mounted on the breast adapter, according to an
embodiment of the present disclosure.

[0073] FIG. 32C illustrates a handheld vibration driver that
is operable independently of a breast pump system, according
to an embodiment of the present disclosure.

[0074] FIG. 33 illustrates a breast adapter provided with
heating elements according to an embodiment of the present
disclosure.

[0075] FIG. 34 schematically illustrates a breast adapter
having a suction zone which is flexible and forms a seal with
the breast when suction is applied, while a rigid portion
receives the nipple and areola of the breast, according to an
embodiment of the present disclosure.

[0076] FIGS. 35A and 35B are back end, schematic illus-
trations of a breast adapter showing that the suction zone can
be applied in a continuous ring or intermittently, according to
various embodiments of the present disclosure.

[0077] FIG. 36 schematically illustrates an arrangement in
which a first, relatively lower suction/vacuum level is con-
stantly applied by a breast adapter though a suction zone to
maintain a seal with the breast, according to an embodiment
of the present disclosure.

[0078] 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.

[0079] FIG. 37B illustrates a flexible porous tube provided
in a container to maintain an open channel within the con-
tainer, according to an embodiment of the present disclosure.

[0080] 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.

[0081] FIG. 39A illustrates a system employing a flexible
breast adapter connected to a tube which is supplied by suc-
tion/vacuum by a pump, according to an embodiment of the
present disclosure.

[0082] FIGS.39B-39C illustrate that application of squeez-
ing action by the breast adapter to squeeze the breast causes
the tube to temporarily collapse (see FIG. 39B) which causes
a pressure change at the nipple, and, upon release of the
compression forces against the breast, the tube reopens (see
FIG. 39C), according to an embodiment of the present dis-
closure.

[0083] FIG. 40 illustrates a breast 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.

[0084] FIG. 41 illustrates an embodiment in which, in addi-
tion to the suction/vacuum created by withdrawing a com-
pression element away from the tube, the compression ele-
ment is also mechanically linked to a portion of the breast
adapter surrounding the nipple, according to an embodiment
of the present disclosure.

[0085] FIG.42is an exploded view showing where the tube
of the system connects to the main body, according to an
embodiment of the present disclosure.
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[0086] FIG. 43 is an exploded illustration of a breast pump
system showing a pressure sensor placed at a proximal end
portion of the breast adapter, according to an embodiment of
the present disclosure.

[0087] 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.
[0088] FIG. 45A illustrates a pressure sensor that can be
used in a breast pump system according to another embodi-
ment of the present disclosure.

[0089] FIGS. 45B-45C illustrate additional views of the
pressure sensor of FIG. 45A and its operation.

[0090] FIG. 46 is a schematic 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.

[0091] FIG. 47 is a schematic representation of transfer of
data wirelessly from a controller of the system to a smart-
phone, according to an embodiment of the present disclosure.
[0092] 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 extrac-
tion and expulsion session, so that milk is not lost or wasted,
according to an embodiment of the present disclosure.
[0093] FIG. 49 illustrates that the motors of the system may
be provided with heat sensors and/or motion sensors to pro-
vide feedback to the controller as to the operating tempera-
tures of the motors and/or movement and/or rate of movement
of the motors, according to an embodiment of the present
disclosure.

[0094] FIG. 50 illustrates a pressure relief member placed
in the breast adapter, and also shows alternative, or additional
locations for pressure relief members, according to an
embodiment of the present disclosure.

[0095] FIG. 51 shows a longitudinal sectional view of a
breast adapter that may be used in any of the breast pump
systems described herein, according to another embodiment
of the present disclosure.

[0096] FIG. 52A shows a longitudinal sectional view of a
breast adapter that that may be used in any of the breast pump
systems described herein, and which is a variation of the
breast adapter shown in FIG. 51.

[0097] FIG. 52B is a rear perspective view of the breast
adapter and tube of FIG. 52A.

[0098] 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 eliminat-
ing the gap and driving milk from the gap towards the nipple
housing/nipple receiving cavity, according to an embodiment
of' the present disclosure.

[0099] FIG. 53A is a front, exploded view illustrating a
breast adapter and tube, main housing 34 and milk container
60 according to an embodiment of the present disclosure.
[0100] FIG.53Bis arear, exploded view ofthe components
illustrated in FIG. 53A.

[0101] FIG. 53C is a front, perspective view illustrating the
breast adapter and tube of FIG. 53 A having been installed in
the main body.

[0102] FIG. 53D is a rear, perspective view of the compo-
nents shown in FIG. 53C.

[0103] FIG. 53E illustrates a front, perspective view after
attaching the container to the main body of the embodiment
illustrated in FIGS. 53A-53D.
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[0104] FIG. 53F is a rear, perspective view of the system
shown in FIG. 53E.

[0105] FIG. 53G illustrates a breast pump system using a
full ring-shaped container, according to another embodiment
of the present disclosure.

[0106] FIG. 54 illustrates an assembly of the breast adapter
and tube in the main body according to another embodiment
of the present disclosure.

[0107] FIGS. 55A-55E illustrate the interaction between
compression elements and resilient tubing, and a pumping
sequence, according to another embodiment of the present
disclosure.

[0108] FIG. 56 illustrates a flow sensor provided in a breast
pump system to enable the user to check in real time how
much milk has been pumped, according to another embodi-
ment of the present disclosure.

[0109] FIG. 57 illustrates a breast pump system provided
with an indicator light, according to an embodiment of the
present disclosure.

[0110] FIG.58A is a front, exploded view of a breast pump
system according to another embodiment of the present dis-
closure.

[0111] FIG. 58B is a front view illustrating the breast
adapter and tube having been installed in the main body.
[0112] FIG. 58C illustrates the process of attaching the
container to the system.

[0113] FIG. 58D illustrates the assembled system, with the
container having been connected and fitted over the main
body to conform to the contour thereof.

[0114] FIG. 58E shows the system of FIGS. 58A-58D with
the container having been partially filled with milk.

[0115] FIG.59A is a front, exploded view of a breast pump
system according to another embodiment of the present dis-
closure.

[0116] FIG. 59B is a front view illustrating the assembled
system, with the container having been connected and fitted
over the main body to conform to the contour thereof.
[0117] FIG. 59C is a rear, exploded view of the system of
FIGS. 59A-59B.

[0118] 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.

[0119] FIG. 59E illustrates the process of attaching the
container to the tube and main body.

[0120] FIG.59F is a rear, perspective view of the system of
FIG. 59A after having been assembled.

[0121] FIG. 59G is a rear view of the system of FIG. 59F
after having collected milk in the container.

[0122] FIG. 60 illustrates a pressure (vacuum) release fea-
ture that may be provided on any of the systems described
herein, according to an embodiment of the present disclosure.
[0123] FIG. 61 is a longitudinal sectional view of a breast
adapter and a portion of a tube illustrating a pressure relief
valve according to an embodiment of the present disclosure.
[0124] FIG. 62 illustrates a main body of the system having
a see through window to ensure proper placement of the
nipple, according to an embodiment of the present disclosure.
[0125] FIG. 63 illustrates a main body that can be at least
partially peeled away which maintaining a seal of the breast
adapter against the breast, according to an embodiment of the
present disclosure.

[0126] FIG. 64 illustrates a pair of breast pump systems that
can be installed on both breasts of a user, according to an
embodiment of the present disclosure.
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[0127] FIG. 65 illustrates a pair of breast pump systems
installed on the breasts of a user and supported by a bra,
according to an embodiment of the present disclosure.
[0128] FIG. 66 illustrates the user of FIG. 65 using the
breast pump systems while in a supine position, according to
an embodiment of the present disclosure.

[0129] 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.

[0130] FIG. 68 shows the 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

[0131] Before the present systems and methods are
described, it is to be understood that this disclosure is not
limited to particular embodiments described, as such may, of
course, vary. It is also to be understood that the terminology
used herein is for the purpose of describing particular
embodiments only, and is not intended to be limiting, since
the scope of the present disclosure will be limited only by the
appended claims.

[0132] Where arange of values is 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 ranges is also encompassed within the
disclosure, subject to any specifically excluded limit in the
stated range. Where the stated range includes one or both of
the limits, ranges excluding either or both of those included
limits are also included in the disclosure.

[0133] Unless defined otherwise, all technical and scien-
tific terms used herein have the same meaning as commonly
understood by one of ordinary skill in the art to which this
disclosure belongs. Although any methods and materials
similar 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 materials in con-
nection with which the publications are cited.

[0134] It must be noted that as used herein and in the
appended claims, the singular forms “a”, “an”, and “the”
include plural referents unless the context clearly dictates
otherwise. Thus, for example, reference to “a valve” 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.
[0135] 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 differ-
ent from the actual publication dates which may need to be
independently confirmed.

[0136] FIG. 1is an illustration of a breast pump system 100
according to an embodiment of the present disclosure. Sys-
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tem 100 includes a breast adapter 10, a pumping region 30
within a main body 34, a one-way valve 50 and a milk storage
container 60.

[0137] FIG. 2 is a partial 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 polyether block amides (PEBAX) to
provide a soft interface with the breast and also provide a seal
around the areola and nipple of the breast. An inner housing
14 is configured and dimensioned to surround the nipple of
the breast. Inner housing 14 can be rigid, semi-rigid or com-
pliant. 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 terephthalate (PET) and/
or PEBAX, For the embodiments where there is compliance,
inner housing 14 is capable of iteratively opening and closing
during extraction of milk from the breast using system 100,
thereby simulating a feeding cycle similar to the sequence of
the tongue against the nipple when a baby is suckling.

[0138] 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 nipple is 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.

[0139] FIG. 3 is a partial, 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 is integral with breast adapter 10 as shown in FIG. 1. Two
active compression elements 36, 38 are operable to compress
and allow decompression of the resilient tube 32 at compress-
ible 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 ther-
moplastic 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 embodi-
ment, 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 effi-
ciency by reducing energy losses due to expansion and con-
traction 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
alternatively, the material(s) from which the compression
regions 40, 42 are made can differ from one another. A factor
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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., return to a full cylin-
drical shape in the embodiments where tube 32 is cylindrical),
force required to compress to 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 as material transparency, clarity
and texture/feel against the skin, visual appearance, mechani-
cal durability, tear resistance, shape memory, soft/hardness,
biocompatibility, non-reactivity and free of leachables, heat/
cold resistance, etc.

[0140] Examples oftubes 32 include, but are not limited to:
silicone tubing, such as used in peristaltic pumps, both plati-
num-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 ¥1s1in.,
V4 in. or %16 in. Walls may also range to impact properties,
with preferred embodiments likely in the Vs in. to %% in.
range. Inside diameters and wall thicknesses can be varied, as
needed, with ensuing appropriate lengths of tubing 32. Fur-
ther alternatively, pumping regions 40, 42 do notneed to be in
the shape of a cylindrical tube, or even a tube at all, but can be
any volume shape that can be changed/compressed. For
example, the cross-section could be oval, square, trapezoid,
etc. as needed to fit the device space. Examples of tube inside
diameters, wall thicknesses and hardness include, but are not
limited to: 0.188" ID, 0.063" wall, Durometer 50 shore A;
0.250" 1D, 0.063" wall, Durometer 50 shore A; 0.313"ID,
0.063" wall, Durometer 59 shore A; and 0.313" ID, 0.094"
wall, Durometer 59 shore A.

[0141] As shown, the compression elements 36, 38 com-
prise pistons, but alternative features could be used to accom-
plish the same function, such as lever arms, screw drives,
clamps, cams, pincers, rollers, magnets, electro-magnets, lin-
ear 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 com-
plete crushing of the tube 32 without residual volume. Alter-
natively, one or both compression surfaces may be formed
with a “V-shaped” edge aligned axially with the tubing 32 to
allow less force to compress tubing 32 to the same distance of
compression, relative to a flat surface paddle. Further alter-
natively, or additionally, one or both compression surfaces
may be formed with a cross edge (perpendicular) to axis of
tubing. This provides a relatively small surface area allowing
less force to completely seal tubing 32 at the location of the
cross edge. However this also provides a relatively minor
volume change/pressure change capability.

[0142] 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 move in a
given direction. Dual action of the roller 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 predeter-
mined direction along the length of the tube 32 and squeeze a
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volume of milk or air or combination in a given direction. This
can be useful to maximize both increase and decrease in
pressure changes and fluid movement.

[0143] Also, although the preferred embodiments
described herein power the compression elements 36, 38,
using electrical power supplied by one or more batteries,
alternatively, they could be powered by AC electricity by
plugging the system in using an AC power cord, compressed
gas, spring loaded power (which may offer ways to “hand
crank” to power w/o electricity), gas or suction from a remote
source such as a traditional breast pump uses, etc.

[0144] Each compression element 36, 38 is operatively
connected to a driver 44, 46, respectively, for independent but
coordinated driving and retraction of the compression ele-
ments 36, 38. When electrically-powered drivers are used, a
battery 48 is electrically connected to the drivers 44, 46 and
supplies the power necessary to operate the drivers 44, 46 to
drive the compression and retraction of the compression ele-
ments 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 maintain an
acceptable pumping negative pressure profile for a wide vari-
ety of milk expression volumes. As shown, pressure sensor 54
is placed in the inner housing 14 to measure the negative
pressure within the inner housing, which is the environment
that the nipple is in. Alternatively or additionally, one or more
pressure sensors could be placed in tube 32 upstream of
compression driver 36, in between the locations of compres-
sion drivers 36 and 38 and/or downstream of compression
driver 38. Further alternatively or additionally, a pressure
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)—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 be in 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 ofthe tube 32/breast adapter 10
or to make it cost feasible to provide the breast adapter 10/32
as a disposable unit.

[0145] Sensor 54 is preferred to be a pressure sensor but
could also be a flow, 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 is located nearby where the
tip of the nipple 3 is located 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 is located, 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 pressure directly or indirectly and also taking
into account the cycles and actual positions of the compres-
sion elements 36, 38 over time, it is possible to derive/calcu-
late approximately the volume of milk produced during a
pumping session as well as understand the flow-rate at any
particular time in a pumping session. The accuracy of this
measurement is greatest when there is no leak of air around
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the breast 2 and also when there is negligible air within the
tube 32, after elimination by a few cycles of the pumping
mechanism.

[0146] In one system set-up, an ideal minimum suction
value of a cycle is preset and a maximum suction value of a
cycle is preset. Maximum suction is achieved by the opening
of'one or more of the compression regions 40, 42. The greater
the opening/release (assuming the tubing 32 has capacity),
the greater the suction. A maximum suction for the system is
achieved when both compression regions are completely
released from the tubing 32, but preferably the system 100 is
designed such that the operating region would not include that
state to 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 proxi-
mal compression region 40 to the breast 2 is closed/sealed and
the milk expressed during the previous cycle is expulsed by
the second compression element 38 from the second region
42 through the one-way valve 50 into the storage container
60. The timing of the proximal compression is set by a com-
bination of milk expression rate within a specified maximum
suction achieved by the tube 32 and the relaxation 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 parameters within
the system would automatically adjust themselves based on
milk expression rate and other fixed parameters within the
system.

[0147] Controller 52 can also be pre-programmed for con-
trol of an operating sequence for driving and retracting the
compression members. Preferably, controller 52 is config-
ured to drive and retract the compression members 36, 38 via
an active feedback loop, to adjust the positions of the com-
pression members 36, 38 as needed to establish the desired
negative pressure (i.e., suction) profile for optimizing milk
extractions. If a controller 52 is not 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 predeter-
mined manner without using pressure feedback. Alterna-
tively, 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
sequence to create vacuums. There may be pressure relief
valves so that the vacuum level the nipple experiences does
not get too high into a harmful zone. Further optionally,
pressure sensor 54 can be used to detect pressure changes
indicative of milk volume expressed to calculate an approxi-
mation of milk volume extracted.

[0148] 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 where
it enters the milk collection/storage container 60. Valve 50
prevents back flow of milk into the tube 32, as well as pre-
venting air from entering the proximal end of the tube and
thereby maintains the suction (vacuum) level in the tube 32.
In an alternative 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
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-220 mm 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., pres-
sures greater than or equal to —60 mmHg). The action of the
compression elements cycles between increasing vacuum
when 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 —220 mm Hg). As the compression ele-
ments 36, 38 compress the tube 32, the pressure in the system
100 goes up and reaches the crack pressure of —60 mmHg,
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 con-
tainer 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.

[0149] FIGS.4A-4F illustrate the interaction between com-
pression elements 36, 38 and resilient tubing 32 and a pump-
ing sequence according to an embodiment of the present
disclosure. The resilient tube 32 has a lumen 56 configured
and dimensioned to deliver milk from the breast through the
one-way valve 50 and into the milk collection/storage con-
tainer 60. As illustrated, tube 32 is cylindrical and lumen 56 is
circular 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 typi-
cally the same, but need not be. In one preferred embodiment,
the suction (vacuum) established by the system is established
solely by the resilient, “spring-back™ action of the tubing 32.
Tubing 32 is designed and configured to establish a maximum
suction/vacuum in the range of less than —60 mm Hg, prefer-
ably in the range of —-120 mm Hg to -450 mm Hg, more
preferably in the range of —180 mm Hg to -400 mm Hg when
rebounding from the closed configuration shown in FIG. 4B
to a fully rebounded position as illustrated in FIG. 4A. Tubing
32isdesigned 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
losses in 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 300 mmHg suction (-300 mm Hg
pressure). Initially upon installation of system 100 to the
breast 2, it may take several cycles of the compression ele-
ments 36, 38 before the vacuum reaches its maximum
vacuum. In another embodiment the achievement of maxi-
mum suction may be as high as 450 mm Hg suction (-450 mm
Hg pressure).

[0150] In at least one embodiment, the maximum suction/
vacuum capable of being established by tube 32 is in the range
of =180 mm Hg to -220 mm Hg, preferably about -200 mm
Hg. This provides a built-in fail safe to ensure that the suction/
vacuum never exceeds a desired maximum operating range of
-180 mm Hg to —220 mm Hg, preferably about -200 mm 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 example, the maximum suction/vacuum capa-
bility could be in the range of =220 mm Hg to -400 mm Hg.
This greater capability provides an advantage in that, over
time, should the tube 32 lose some of its elasticity/resilience
performance, then the maximum operating suction/vacuum
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can still be achieved, due to the overdesign of the maximum
suction/vacuum capability of the tube 32.

[0151] The elasticity/resilience properties of the tube 32
and inner housing 14 may be identical, for ease of manufac-
turing and keeping down costs of production. Alternatively,
the elastic/resilience properties of the tube 32 may be differ-
ent 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 locations 40,
42 may be more resilient 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 portions 40, 42 are
all 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 regions 40, 42 and may be more elastic, less
elastic or equal in elasticity to the elasticity of the tube 32
downstream of the regions 40, 42. The tube 32 may be itself
resilient but the tube 32 may optionally also include embed-
ded resilient members (like a coil or braid) which would
enhance the resiliency or strength of tube 32.

[0152] 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/areola region of the breast. During
suckling the baby draws the tongue down and slightly back-
wardly 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 swallows. Once the
tongue re-contacts the hard palate, this releases the maxim
suction against the breast and opens a passage to allow 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 cycle
is repeated by again drawing the tongue down and slightly
backwardly. During the entire cycle, the baby maintains nega-
tive 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 palate function. In this
way, milk ducts are not overly collapsed during a rest or lower
suction pressure phase but rather the ducts are allowed to fill
like when a baby is latched to a breast. This re-filling allows
for more efficiency in milk extraction more similar to a baby
than conventional pump devices.

[0153] FIG. 4A shows the compression elements 36, 38 in
anon-contact configuration (alternatively could be in contact,
while not substantially compressing or deforming the tube
32) allowing 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 area of 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-sectional area of lumen 56 in locations
adjacent to 40 and 42. Further alternatively, the cross-sec-
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tional areas in the regions 40 and 42 could be unequal to one
another. FIG. 4B illustrates the configuration of the compres-
sion elements 36, 38 in an initial 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.

[0154] An initial suction/vacuum/suction is created by
retracting compression element 36 (which is the compression
mechanism nearer the breast) which allows the resilient tub-
ing to spring back toward its initial shape to create a local
suction/vacuum in the open segment 16 of the tubing and the
inner housing 14 sealed against the breast. As the resilient
tubing expands toward its un-deformed configuration, it cre-
ates a suction/vacuum in the lumen 56. FIG. 4C shows the
compression element 36 having been fully retracted to estab-
lish the initial 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 —120 mm Hg of suction/
vacuum or —180 mm Hg suction/vacuum or some other suc-
tion/vacuum level less than —60 mm Hg to around -220 mm
Hg. The suction/vacuum that is created is sufficient to draw
milk from the breast and into the lumen 56 in a location distal
of, as well as underneath the compression element 36. As the
resilient tube 32 is now a closed 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 direc-
tion away from tube 32 to compensate.

[0155] After a predetermined time or upon sensing a pre-
determined flow or volume of milk extracted, the milk is then
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,
typically in the range of -40 mm Hg to =70 mm Hg, more
typically =50 mm Hg to —-60 mm Hg. The time of closure of
the first compression element 36 may be pre-determined or
the time for activation of closure of the first compression
element 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 ele-
ment 38. As the first compression element 36 is advanced to
close the first region 40, the second compression element 38
continues to be retracted to allow the second region 42 to
continue opening, maintaining the desired minimum suction/
vacuum profile throughout until the first region 40 is closed
fully leaving a desired residual suction/pressure (at the mini-
mum suction/vacuum level) against the breast. This action
drives the milk proximally through the lumen 56 (driving to
the left in FIG. 4D) as the suction is maintained. This is
accomplished by retracting the compression element 38 at the
same time that compression element 36 is extended to begin
compressing the region 40. As the region 42 expands and the
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region 40 compresses, this drives the milk towards the one
way valve 50. Thus, the second compression element 38
functions like the swallowing/soft palate of the infant and the
one-way valve functions like the soft palate as it 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
as a closed valve, maintaining the suction against the breast.
Compression element 38 has been fully retracted, as the milk
has been pushed into the location of region 42 and distally
thereof. As noted 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 shows the
compression element 38 again being extended, while the
compression element 36 remains in the closed valve position.
The compression of region 42 by element 38 can begin as
soon as the region 40 is fully 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 down-
stream toward the one-way valve 50. When the compression
element 38 reaches the fully closed (compressed) position, as
shown in FIG. 4B, the cycle repeats, and the cycle of move-
ments illustrated in FIGS. 4B-4F continues over the course of
a milk extraction session.

[0156] The system 100 is capable of functioning success-
fully with the pumping tube 32 in any relationship/orienta-
tion, 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 this arrangement, bubbles of air that may be
fed 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 the way to the one-way valve 50. The benefit of this is that
the system 100 then becomes very energy efficient, as it
approaches a fully hydraulic system. Since milk is essentially
incompressible, the value of having a system 100 that does
not have a substantial amount of air allows for suction pres-
sure to be communicated sustainably within the system in a
relatively uniform fashion with much less losses of energy
into the fluid itself.

[0157] As noted, the pump mechanism requires indepen-
dent, coordinated compression/release of two adjacent sec-
tions of resilient tube 32 to perform the extraction and deliv-
ery of the milk from the breast to the collection container 60.
Although two drivers 44, 46 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 coordina-
tion between movements of the two compression elements
36, 38, if needed. The system 100 is capable of maintaining a
negative pressure against the breast at all times similar to a
normal breastfeeding baby.

[0158] Inanembodiment which employs one or more pres-
sure 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. In this case, the tubing 32 and compression
element 36 dimensions can be designed to achieve a greater
suction/vacuum than the low end of the range of suction/
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vacuum considered to be effective for extracting milk, for
example, to achieve a suction/vacuum in the range of -180
mm Hg to —-450 mm Hg. In this case, the feedback from the
pressure sensor 54 to controller 52 lets the controller know
when the desired suction/vacuum has been achieved and the
controller 52 can control the driver 44 to halt the retraction of
the compression element 36 at a position less than fully
retracted, and thus still partially compressing the region 40,
when the desired suction/vacuum level has been reached.
Additionally or alternatively, in cases where full retraction of
element 36 does not achieve a desired suction/vacuum level,
element 38 can be retracted by an amount that brings the
suction/vacuum level up to the desired suction/vacuum level.

[0159] The relative positions of the compression elements
36, 38 correlate 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 extrac-
tion phase begins, by calculating the volumes of regions 40
and 42 over the course of extraction and expulsion. Alterna-
tively, additional information, such as provided by monitor-
ing 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 employed to provide an estimate of
volume and/or measurement of the extent of filling of tube 32
in a predefined 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 changes in 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.

[0160] FIGS. SA-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 adja-
cent opposite end of the compression region 42 of the tube 32
where the tube is compressed by compression element 38.
FIG. 5A shows the initial configuration of the system when it
is first applied to the breast 2. After a seal of the system 100 to
the breast 2 is accomplished in any of the manners described
previously, and letdown has occurred, pumping of expressed
milk can be performed by compressing region 42 with com-
pression element 38 as illustrated in FIG. 5B. As the pressure
increases due to the compression of region 42, milk is driven
through one-way valve 50' as indicated by the leftward
directed arrow in FIG. 5B. At the same time, one-way 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 closes the one-way valve 50' and opens the one-way
valve 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.

[0161] In order to prevent vacuum of against the breast
from becoming too strong (limit pressure from going too
low), the compression element 38 may be controlled by slow
control of driver 46. If no flow of milk is detected, the driver
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46 may be controlled to stop the pumping operation. Alter-
natively, the driver 46 may be controlled to pump for a pre-
determined amount of time past the detection of no flow, in
order to further stimulate the nipple 3/breast 2 which may
signal or condition the breast 2 to increase milk production.
The system 100 can be provided with a relief 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., =200 mm Hg, -220 mm Hg or the like.
This is typically the maximum vacuum level that is intended
to be applied for expressing milk from the breast 2. The relief
valve may be independent of the operation of the one-way
valve 50" as shown, or alternatively, may be configured to
squeeze or vibrate the one-way valve 50" so as to close it 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.

[0162] 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 a bra 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 alternatively, between pumping
structure and the user’s breast. The one-way valve is con-
nected to the proximal end of the tube 32 (having been posi-
tioned in the channel 232) to complete the assembly of the
system 100 to the condition shown in FIG. 1. Disassembly
can be just as easily performed by reversing the order of the
assembly description above.

[0163] 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 dimen-
sions 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, as this is only one specific
embodiment of the disclosure. Any or all of the dimensions
may be increased or decreased as needed, for example to
adapt to different breast sizes, etc. The outside diameter 240
of'the system housing 34 in FIG. 6 is 9 cm. The total thickness
242 of the device housing 34 (and thus the entire system 100
when container 60 is in the collapsed configuration) in FIG. 6
is 4 cm. The opening 244 at which the proximal end of tubing
32 is attached to the one-way valve has a diameter of about 13
mm. The receptacle 230 for housing the breast adapter 10 has
a diameter 246 of 4.5 cm. Also shown is a display 250 which
can be outputted to by controller 52, for example, to indicate
if 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 also indicate when the system is
onand when it is off, duration time of a pumping session; time
of day, date, count down times, speed or frequency of pump-
ing 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 indica-
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tion; increases or decreases applied to various modes such as
pumping cycle frequency, vacuum strength; selection of
pumping program versions; timer, etc. The controls are con-
veniently located along an exterior surface of the device for
easy access by a user. Alternatively, display 250 could consist
only of a light, such as an indicator light. Further alternatively,
a light may be provided underneath one or more of the con-
trols 252 or where the milk tube 32 exits the 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 as a speaker 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 mode the pump is in, or read out the pressure for
min/max which could be settable by the user.

[0164] It is further noted that the receptacle 230 (for hous-
ing 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 is tapered. 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. As the breast adapter 10 is
placed against the breast 2, it is ideally concave to allow it to
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 wear-
ing of the system 100 less noticeable. There may be a slight
bulge in the taper to provide a better sealing zone against/
around the breast 2.

[0165] FIG. 7 illustrates a breast adapter 10/tube 32 con-
figured 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 disclosed with regard to FIG. 7 but
may be varied, as this is only one specific embodiment of the
disclosure. The outside diameter 256 of the breast adapter 10
at its opening in 4 cm. The inside diameter 258 of the breast
adapter 10 in the region when the nipple is received is 20 mm
as shown. The breast adapter necks down 260 at a location
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 is optional and is not
included in many of the embodiments. If present, neck down
region 260 is provided to create a light 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 freely, as shown in FIG. 7B. The assemblies as
shown in FIGS. 7A-7B (as well as the remainder of the system
100) is designed so that the interface or opening of the breast
adapter 10A is substantially perpendicular to the longitudinal
axis 2L of the breast 2 and nipple 3 as it is formed into a teat
by the system 100. Alternatively, the breast adapter 10 may be
configured so that the longitudinal axis 2I. 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
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configuration can reduce the thickness, or distance which the
system 100 extends from the breast.

[0166] The distance between the necked down region 260,
or smooth region 260' that transitions to the tube 32 is pref-
erably in the range of about 1 mm to 5 mm. The inside
diameter 262 of the tube 32 where it integrates with the breast
adapter 10 proximally of the neck region 260 is 20 mm in
these embodiments. The tubing 32 then tapers down to an
inside diameter of 6 mm in the regions to be compressed and
proximal of these regions, all the way to the proximal end of
the tube 32. The opening 244 of the main body 34 has an
inside diameter of about 13 mm and is configured and dimen-
sioned to accommodate tube 32 with some extra clearance, to
allow 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. The regions 40, 42
snap fit (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 FI1G. 42, so
that regions 42, 40 can be compressed without impinging on
the breast adapter portion 10.

[0167] FIGS. 8A and 8B are schematic, front and side illus-
trations, respectively, of a breast pump system 100 showing
placement and routing of tube 32 according to an embodi-
ment of the present disclosure. In this embodiment, the distal
end portion of tube 32 that integrates with the breast adapter
that receives the nipple 3 of the breast is positioned below the
nipple 3 so that it forms a milk collection well 32W to facili-
tate filling 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 valve therebetween. As noted, different routing
schemes for 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.

[0168] Insomeembodiments, it may be desirable to change
dimensions and/or materials of the tube 32 along the length
thereof. FI1G. 9 is a schematic side illustration of one example
of'a system 100 having varying dimensions along the length
of the tube 32, and optionally, varying materials from which
the various portions of the tube 32 are made. Further option-
ally, the thickness of the wall of the tube 32 may vary along
the length thereof to change resilience performance/compli-
ance characteristics, whether the varying sections are of the
same material or of different materials, as well as whether one
or more sections are reinforced with braids, coils or the like to
increase stiffness. In this embodiment, the well region 32W
has the smallest diameter or cross-sectional dimension of any
of'the regions of the tubing, so as to minimize the volume of
milk that needs to 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 the tube have
the largest diameter, to allow more pressure change per length
of tubing 32 to be generated, as a longer compression stroke
by the activators 36, 38 is allowed. Downstream (proximal) of
the regions 40, 42, the tube may be formed of a relatively
more rigid material than that portion forming the regions 40,
42, in order to reduce the compliance and increase the flow of
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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 a smaller diameter than the portions
40, 42.

[0169] 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 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 substan-
tially liquid-tight seal therewith to minimize or eliminate
leakage of breast milk. There are different embodiments for
accomplishing this task. A most basic and preferred embodi-
ment is to form the seal by suction/vacuum alone. This can 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 the first compression
element 36 in a manner as described when going from the
orientation shown in FIG. 4B to that of FIG. 4C. If a seal does
not establish with the first 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, as the element 36 compresses, this drives air
out between the breast and the compliant region 12, and
during each retraction of element 36, static suction (vacuum)
is increasing 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.
Advantageously, this cycling of the element 36 also facilitates
let down of the breast milk, readying it to be extracted.

[0170] Inan alternative embodiment, the seal may be estab-
lished by a tacky or adhesive surface 84 may optionally be
provided on an inner surface of compliant region 12 (see FIG.
2). The tacky surface may be provided by application of an
adhesive, such as the type of adhesive used for stoma bags
used for colostomy patients, or other effective and biocom-
patible adhesive or tacking agent. The sealing of the compli-
ant region 12 against the breast may be established via the
tacky surface 84 alone (or with a surface treated with a mate-
rial that gets tack when heated by the body temperature of the
breast 2 as it contacts the breast), or together with establish-
ment of suction/vacuum as described in the previous embodi-
ment. 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 applied to the
breast and then released. The breast adapter 10 then resil-
iently returns to its original configuration, thus establishing a
suction/vacuum and sealing the compliant region 12 to the
breast, much in the same way that a suction cup is stuck to a
flat surface. In addition, the system may be handheld against
the breast until sufficient suction/vacuum is established to
generate the seal. Further optionally, the system may be sup-
ported in a bra configured to hold the system during its opera-
tion.
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[0171] At event 504, the system establishes a suction/
vacuum level sufficient to extract milk from the breast. This is
accomplished by controlling movements of the compression
element 36 and optionally controlling movements of com-
pression element 38 in coordination with movements of com-
pression 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 the initial
suction. Preferably, the tube 32 and the length 37 of compres-
sion 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 -120 mm Hg of suction/vacuum or -180 mm Hg
suction/vacuum or some other suction/vacuum level less than
-60 mm Hg to around -220 mm Hg. The suction/vacuum that
is created is sufficient to draw milk from the breast and into
the lumen 56 in a location distal of, as well as underneath the
compression element 36. As the resilient tube 32 is now a
closed system, the suction/vacuum is maintained with the
lumen 56. The second compression member 38 can be with-
drawn to further increase the suction/vacuum if desired. In
embodiments where controller 52 and pressure sensor 54 are
employed, 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 loop
between the controller establishes that extraction of milk has
not yet begun, then the controller 52 can incrementally con-
trol 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
loop. This control of the second compression member 38 can
be subsequent to the fully retraction of the first compression
member 36 or can be carried out during the retraction of the
first 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. In
instances where the predetermined suction/vacuum level that
the tube 32 is designed 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 a suction/vacuum greater than
that predetermined suction/vacuum level, so that the control-
ler will automatically operate the compression elements 36,
38 initially to establish this greater suction/vacuum level,
irrespective of pressure sensor feedback. The pressure-con-
troller feedback loop can then still be used to adjust suction/
vacuum as needed to extract milk.

[0172] Once the milk extraction has begun, the suction/
vacuum is maintained at event 506 for a predetermined time,
oruntil a predetermined volume of milk has been extracted, or
when a predetermined minimum pressure has been achieved
to indicate that a predetermined volume of milk has been
expressed into the system 100. By continually measuring the
pressure in the system (preferably, but not necessarily, in the
vicinity of the nipple), an estimate of the volume of milk
extracted can be calculated by the controller 52. As milk
enters the suction/vacuum space, the pressure drops. The
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volume of milk received in the suction/vacuum space is pro-
portional to the pressure drop and therefore the volume of
milk can be estimated by knowing the pressure drop. This is
also 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.

[0173] After the predetermined time has expired, or, more
preferably, in embodiments where the volume of milk
extracted is estimated, the milk is moved proximally from the
region 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/nipple that is less than the extraction suction/vacuum,
as described above. This can be accomplished by compress-
ing the tube 32 with element 36 while simultaneously retract-
ing compression element 38 to maintain the desired suction/
vacuum level until the seal is formed by element 36, as
described above with regard to FIGS. 4D-4E. The rate 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.

[0174] Once the compression element 36 has sealed off the
tube 32 at region 40, the compression element 38 is immedi-
ately 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 ele-
ment 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 element 38 generates a positive pressure
driving force, which is advantageous in that the milk can be
pumped through the valve 50 and into the container 60 regard-
less of the orientation of the components, even directly
against gravity. At this stage, the compression elements 36, 38
are positioned as shown in FIG. 4B and the processing returns
to event 504 to carry out another cycle of milk extraction.

[0175] FIG. 11 illustrates events that may be carried out in
a control process for extracting milk according to an embodi-
ment 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 gener-
ated in the breast adapter, which facilitates the sealing of
event 602 if not already firmly established and establishes
suction/vacuum to 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 -1 mm Hg to -60 mm 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 a seal has been established, wherein the
threshold seal vacuum level is in the range of =20 mm Hg to
—-60 mm Hg. In one particular embodiment, the threshold seal
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vacuum level is —-40 mm Hg. Of course, it is understood that
vacuum pressures of less than —60 mm Hg are also sufficient
to establish the seal. If there are no leaks and a sufficient
suction/vacuum (predetermined suction/vacuum level) has
been established, then processing proceeds to event 608. If
the pressure reading indicates that there is a leak or that a
sufficient suction/vacuum level has not been otherwise estab-
lished, then suction/vacuum is continued to be generated at
event 604. This can be accomplished by cycling the compres-
sion element 36 in a manner as descried above. Additionally,
if the pressure reading indicates an 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.

[0176] At event 608 the suction/vacuum is adjusted to a
predetermined extraction suction/vacuum level, which is
greater that the residual suction/vacuum level that is applied
to 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 con-
trolling movements of the compression element 36 and
optionally 38, as described above. The pressure continues to
be monitored by the controller 52 in a manner as described
above.

[0177] Atevent 610, if the pressure drops and the pressure
drop is characteristic of receiving milk into the suction/
vacuum space and that a seal has been maintained, then pro-
cessing 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, via an
audible signal, or amessage, such as on 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 repo-
sitioning the compliant region 12; removing the compliant
region 12 from contact with the breast, applying adhesive to
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 returns to event
604. Distinguishing between an air leak and milk extraction is
not necessarily important, as the system 100 is capable of
adapting even if a consistent air leak is present. In the oper-
ating suction range, air leaks will be unusual and if such a leak
exists it will be a big leak, such as when the system 100 is
temporarily removed from the breast 2, and this will result in
a much more rapid pressure rise than that due to milk extrac-
tion.

[0178] Referring back to event 618, if the pressure has
dropped sufficiently so that the estimation of milk volume
collected equals or exceeds a predetermined volume (e.g., a
volume in the range 0f 0.02 to 0.064 oz., typically about 0.032
0z., then the system is controlled to change from the extrac-
tion 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 returns to event 608 to carry out
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another extraction phase of the cycle. The cycle can be con-
tinued 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
ofthese endpoints, where the first endpoint reach will discon-
tinue the cycling. Such decision is determined at event 624.
Once the condition (predetermined time, predetermined vol-
ume 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 150 ml of milk is extracted
and pumped, if the session last fifteen minutes, the system 100
pumps 10 ml of milk per minute. A baby suckling the breast
2 typically suckles about 30 times a minute. To replicate this,
the system 100 cycles about thirty times a minute, with each
stroke of the system 100 passing on average about 0.33 ml.
(0.33 ml/cycle). Thus the volume capability of the pumping
system 100 is configured to accommodate at least about 0.33
ml within each compression region (probably a bit more to
allow for variation amongst women) but generally around that
amount. As there 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 com-
pressor 38 and the one way valve 50, this volume should also
be compensated for in the volume capability of the system
100.

[0179] The present advantage provides extremely good
control over the suction/vacuum pressure waveforms estab-
lished by the system against the breast. In particular, the
generation of suction/vacuum by the element 36 is closely
adjacent the breast itself, so there is very little loss in the
transmission of suction/vacuum pressure from the element 36
to the breast. In existing systems, suction/vacuum pumps are
located at a much greater distance from the breast and pres-
sure head losses of up to 200 mm Hg have been measured
from pump to breast, in some instances. The distance 92 (see
FIG. 12) between the compression element 36 and the end of
the nipple when drawn into the open section 16 by suction/
vacuum to form a teat 2' is minimized to maximize the respon-
siveness of the application of suction/vacuum to the breast.
Additionally, the minimization of distance 92 helps to reduce
the total amount of distance that the system extends from the
breast when worn. When the teat 2' is maximally extended,
the distance 92 may be in the range of about 0.5 mm to about
3 mm, typically about 1 mm to 2 mm.

[0180] 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 com-
pression member may vary, depending upon the amount of
suction and displacement desired by this component. For
example, length/distance 94 may be a value within the range
of 0.2 cm to 6 cm, typically about 2 cm. The distance 96
between the elements 36 and 38 should be minimized so as to
minimize the dead space between the compression elements,
as element 38 does not drive the contents in this space proxi-
mally, and it must be moved in the succeeding cycle. Thus, the
larger the distance 96 is, the less efficient the expulsion phase
is. The distance 96 can be a value in the range of 0 mm to 5
mm, preferably as close to 0 mm as can be achieved. The
distance 98 (length of the second compression element 38) is
designed so as to provide ample reserve suction/vacuum gen-
eration capability, so that the suction/vacuum pressure on the
breast 2 can be dynamically adjusted to accommodate for a
variety of different variables that occur when using by the
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same user, as well as across uses by different users including,
but not limited to: vary rates of milk extracted, various
amount of total volume of milk extracted (ranging from about
0 ml to 240 ml, 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 a
value within the range 0 0.2 cm to 6 cm, typically about 2 cm.
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 a length holding a
volume of milk when full of about 0.25 ml to 3 ml, typically
about 1 ml.

[0181] FIGS. 13A-13B show partial views 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 rotationally
mounted relative to driver 38B via joint 104. As the compres-
sion element is advanced against the tube 32, the mechanism
104 rotates the compression effector 38 A relative to the drive
38A (clockwise, as shown in FIG. 13B) so that the distal end
portion of the compression effector 38A advances more than
the proximal end portion as it rotates, as shown in phantom in
FIG. 13A. At a predetermined 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 compres-
sion effector 38A (counterclockwise, as shown in FIG. 13B)
to advance the proximal end portion of the compression effec-
tor 38A further against the tube 32. These actions provide a
better force vector for expulsing the milk toward the one-way
valve (in the direction of arrow 106), as compared to a com-
pression element 38 having a compression effector 38 that
does not rotate.

[0182] FIGS. 13C-13E show another rotational compres-
sion 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 com-
pression element 38 advances toward tube 32, the lower por-
tion 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 38 A (in
the counterclockwise direction shown in FIG. 13D, increas-
ing the angle 910). This rotation can continue until the com-
pression effector becomes perpendicular to the shaft 38B and
aligned with the tube 32, with angle 910 forming a right angle,
as shown in 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 returns to its unbiased configuration as shown in
FIG. 13C. FIG. 38F shows still another embodiment of com-
pression element 38 configured to perform in the same man-
ner as the embodiment of FIG. 13C, but where the elastic joint
104 has been replaced by a pin joint 104 and biasing member
910 interconnecting a portion of the compression effector
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38A to the shaft 38B above the pin joint 104 so as to bias the
compression effector 38A at a non-perpendicular orientation
relative to the shaft 38B.

[0183] FIG. 14 shows a partial 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 segments
are shown in FIG. 14, more or fewer could be employed to
operate in a similar manner to that described. Segments 38A
are slidably mounted to driver 38B via a telescoping shaft 108
that is spring-loaded by biasing member 110 to bias the posi-
tions of the segments 38 A relative to the driver 38B as shown
in solid lines in FIG. 14. As the 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 38A. Upon further advancement of driver 38 A and
rotation of cam 108 the next-distal most segment 38A is
contacted by cam 108 causing it to extend from the driver
38A. The process can continue until all segments have been
extended like the distal most one shown in FIG. 14 to fully
closes offthe space 42. Upon retraction of the driver 38B, cam
108 reverse rotates and biasing member retracts the segments
38A relative to driver 38B to the positions shown in solid lines
in FIG. 14 as they lose contact with the cam 108. Alterna-
tively, the cam 108 can be designed to customize the final
profile of the segments 38A when the driver 38B is fully
extended, so as to arrange the amounts of extension of each
individual segment 38A from the driver 38B by the distances
desired. Further alternatively, 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 38 A though
rotation and counter-rotation of the cam 108 and retraction
forces provided by the biasing member 110.

[0184] FIG. 15 shows a partial view of system 100 that
employs a first 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 36 A of compres-
sion element 36 is minimized, so that length 94 is in 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 operates in concert with compression element
38 to establish sufficient suction/vacuum for extracting milk.
By minimizing the length 94, less force is required to seal off
the tube 32, as compared to the force necessary to seal the tube
using the compression element 36 in the embodiment of FIG.
14, for example, resulting in a savings 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
in to an AC power source (in embodiments where this is
possible). Response times of the system 100 may also be
faster. The time required for the compression element 36 and
the tube 32 to completely seal or release may be shorter. Also,
there is less volume that is moved on the final close during
feedback, so if the sealing element 36 is near closing and
waiting for the pressure feedback controlling the larger com-
pression element 38 to establish the desired pressure before
closing, the smaller profile corresponds with less volume
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change on that final seal motion. Therefore the sealing can be
more precisely and accurately controlled

[0185] FIG. 16A shows a partial 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 elements that contacts the
tube 32. The attachment may be by adhesive, welding and/or
mechanical means such as banding, containment between
jaws of a clamp formed by a compression actuator, screwing
and sealing, bolting and sealing, or the like. The attachment
provides the 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 a combination
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 pro-
vide 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.

[0186] FIG. 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 radially therefrom to be connected to a com-
pression element 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 a reinforcing layer
322, such as a fibrous mesh or other layer of material that is
tougher than the material making up the tab. The reinforcing
layer may be laminated inside of the tab material or provided
as a 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 grom-
mets 326 integrally joined in the openings by molding, weld-
ing adhesive or other expedient. FIG. 16C is a partial cross-
sectional illustration of compression element 36 attached to
tubing 32 according to the embodiment described with regard
to FIG. 16B. A pin or rod 324 passes through 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 a compressed configura-
tion and/or increasing force applied by expansion of the tube
32.

[0187] FIG. 17A is a partial view of a system employing
another embodiment of compression element 36. In this
embodiment a small protrusion 36D extends across the width
of'the compression effector 36 A so that it is sufficient to span
the width of'the tube 32 and seal it off when the compression
element 36 is fully extended. Because the length 114 of the
protrusion is very 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 whole length of the
compression effector 36A, like what occurs in the embodi-
ment of FIG. 14. Likewise, the depth 116 by which the pro-
trusion 36D need not be great, in the range of 1 to 10 mm (with
the maximum equal to the outside diameter or height in non-
circular cross-section embodiments) of the tube 32, prefer-
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ably 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 as the depth increases, the volume dis-
placed 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.

[0188] FIG. 17B is a cross-sectional view of the compres-
sion 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 dis-
place volume. In this embodiment, the cross-sectional shape
of the contour 36E is substantially V-shaped or U-shaped, so
that the ridgeline 36F that runs longitudinally of the compres-
sion effector 36A, preferably, but not necessarily midway of
the width of the compression effector 36 A and aligned with
the longitudinal axis of the effector 36 A. The ridgeline 26F
contacts the tube 32 first and presses into it, and, with increas-
ing compression, more and more of the contoured surface
contacts and compresses the tube. However, none of the con-
toured surface 36E seals off the tube, as that function is
provided solely by the protrusion 36D.

[0189] Intheembodiments discussed thus far, the compres-
sion elements 36, 38 compress the tube 32 against a substan-
tially flat “anvil” surface of the channel 232 in the 34 into
which the tube is installed. FIG. 17C is a cross-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. Note that the width 232W of the
channel 232 is greater than the outside diameter of the uncom-
pressed tube 32, so there is room for the compressed tube 32
to widen as it is flattened. Also, the width of the compression
element 36 is greater than the outside diameter of the uncom-
pressed 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 substantially V-shaped
in cross-section, as illustrated in FIG. 17D and the compres-
sion element 36 (and/or 38) may have a compression surface
368 that is substantially V-shaped. This results in a relatively
lower force required to be applied by the compression ele-
ment 36 to completely seal off the tube 32, compared to the
amount of force required to seal off the tube 32 in the embodi-
ment 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 com-
pression surface 36S is convex.

[0190] 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 also described herein, one or both com-
pression elements 36, 38 may be attached to the tube 32 to
supplement the recoil force of the tube 32. The vacuum is
generated by change in volume in the chamber/tube 32. As
noted previously, tube 32 need not be circular in cross-sec-
tion, 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
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compression elements 36, 38 driven by various electromag-
netic means to move them. 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
alternatively, shape memory alloys (e.g., NITINOL, or the
like) can be built into or on the walls such that there is a pre
shape/configuration and then with current, the shape changes
and 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 is capable of maintaining a
negative pressure against the breast at all times similar to a
normal breastfeeding baby. The breast 2 includes ducts
through which the milk is expressed. As the expression suc-
tion/vacuum level is applied to the breast, the diameter of the
ducts increases due to the suction/vacuum causing the expres-
sion of milk from the ducts. As the milk is expressed from
these ducts, they become substantially depleted and collapse.
This is typically 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 allow expression of milk, but allow
some refilling of milk to occur from larger ducts upstream of
the ducts that 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 phase in
the case of the present system) is maintained at a lower
suction/vacuum pressure than the extraction suction/vacuum,
but still greater than atmospheric pressure. In one non-limit-
ing example, the extraction suction/vacuum is about —200
mm Hg and the intermittent suction/vacuum applied to the
breast, between extraction phases, is about -50 mm Hg. This
suction/vacuum applied between extraction phases is not
great enough to extract milk from the 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.

[0191] Thedrivers 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 be always in
either a fully open position or a fully closed (sealed) position,
it can be operated by a motor-driven cam, rather than a stepper
motor, since it does not need any sophisticated stepper-motor
drive input. In this case, the compression driver 38 can be
controlled by a stepper motor for dynamic adjustment, via a
feedback loop to the controller 52 that controls the stepper
motor 46 to: position the compression driver 38 to ensure the
desired residual suction/vacuum is applied to the breast when
compression driver 36 seals off region 40; drive the compres-
sion driver 38 to generate the appropriate pressure wave form
to expulse 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 electromagnet
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;
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cammed motors; or motors driving clamps on a linear or
rotational rack and pinion drive train.

[0192] FIG. 18 is an isolated illustration of the milk collec-
tion/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 is preferably
provided as integral with the container 60, as shown, but
could alternatively be made to be removable, or could be
integrally or removably attached to tube 32. By providing the
one-way valve 50 within the tubing integral to the container
60, this allows the container 60 to be immediately sealed once
detached from tube 32, which avoids leakage. Container 60 is
preferably a compliant bag made of a biocompatible, food
grade material 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
polyethylene (HDPE) or polyethylene terephthalate (PET).
[0193] The collection of milk into container 60 is per-
formed 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 in the container 60. This
is advantageous, as it allows breast 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 airplane trip. This
further allows flexibility as to where the collection bag/con-
tainer 60 (and the input thereto) is located 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 in FIGS. 1 and 5, the input to the
container 60 is above the breast when system 100 is mounted
to the breast. This facilitates easier attachment of the con-
tainer 60, removal of the container 60 when full or needed to
be used, and replacement of another container 60 on the
system 100.

[0194] FIG. 19 illustrates the connection features of the
tube 32 and container 60 that allow for easy and rapid attach-
mentand detachment of the container to and from the tube 32.
An extension 62 of the one-way valve 50 is configured to form
a snap fit, or lock via a detent 64 with a mating receptacle 66
in a proximal 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 a quarter turn. Detachment can be
just as easily performed by turning a quarter 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 be inte-
grally formed at the distal end of the tube 32 with either a male
or female extension and the mating component of the con-
nection mechanism could be integrally formed at the opening
of the container 60.

[0195] Upon removal from the system 100 (as well as prior
to connecting the container 60 to the system 100), the con-
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tainer 60 can be capped to prevent exit of fluid therefrom and
also prevent air from entering the container, as illustrated in
FIG. 20. Cap 68 is provided with the same mating mechanism
66 as that found at the proximal end portion of tubing 32, so
that cap can be twisted a quarter turn, snap fit, or otherwise
attached to extension 62 in the same way that extension 62
forms a connection with tubing 32. Still further, a feeding
nipple 70 can be attached to extension 62, as shown in 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 immedi-
ately 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.

[0196] FIG. 22 shows a bottle 72 that the container 60 with
the nipple 70 attached thereto can be inserted into and con-
tained to provide a more structural implement that is more
easily used for feeding a baby. Bottle 72 includes a hollow
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 arrange-
ment. The assembled bottle 72 as shown is ready to use for
feeding a baby, or alternatively can be stored in the refrigera-
tor or freezer for later use.

[0197] FIG. 23 is an exploded view of an alternative
arrangement for installing container 60 in a bottle 72 and
providing it with a feeding nipple 70. In this embodiment an
insert adapter 120 is provided to adapt the container 60 to be
used with a commercially available nipple 70 and bottle 72
that are currently sold and readily available. The insert
adapter is provided with a valve defeat extension 122 which
contains a central lumen 124 that is in 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 allow milk
to be sucked out through the valve defeat extension and nipple
70. In another embodiment, the one-way valve is removable
and is removed prior to installation of the adapter 120. The top
surface 128 of the adapter 120 is flat and configured to form
a fluid-tight, airtight seal with the flat bottom surface of the
nipple 70. The container 60 is dropped or placed into the
bottle 72 after inserting the valve defeat extension 122
through the one-way valve 50. The threads 70T of the bottle
are engaged by mating threads 1207 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 shoulder
128H compresses the flange 70F between it and the top sur-
face of the adapter 120 to form the seal as the 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 a variety of bottle and nipple manufac-
turing standards.

[0198] FIG. 24 is an illustration of the system 100 installed
on the breast 2 around the nipple 3 and supported by a bra 130
in which the system 100 is received. The flexible container 60
conforms to the curvature of the bra 130 so that the wearing of
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the system 100 is very discreet. Also because of the flexibility
of the container 60 and the positive pumping action of the
system 100, the container 60 can be in a collapsed 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 beings to fill with milk, the breast 2 reduces
in size by an equivalent volume of the milk expressed and
therefore the outward appearance of the components sup-
ported by the bra does not significantly change.

[0199] The milk collection container 60 does not necessar-
ily need to be hemispherically shaped as described above, but
could alternatively be formed to have a different shape. Fur-
ther, an array of differently size and/or shaped containers may
be provided to accommodate different storage needs (con-
tainers 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 this embodi-
ment, milk collection container 60a is shaped like a conven-
tional blood collection bag such as the type used by the red
cross for blood donations, but is equipped with a one-way
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 shown in FIG.
26 are alternative locations where the container 60a could be
carried by the user. These include, but are not limited to:
adhered to the torso just below the breasts, or carried in a
holster 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 60a could be carried in a pocket of a blouse, sweater
orjacket worn by the user. Further alternatively, container 60a
can be supported by a table or other external structure if the
user is to 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.

[0200] FIG. 27A illustrates system 100" which is the same
as system 100 except for the use of doughnut-shaped collec-
tion container 605. Collection container 605 can be made
from any of the same materials described above for making
collection container 60. Collection container 6054 fits on top of
the breast 2 and surrounds the main body 34 of system 100".
In this way, the profile of the system 100' extends away from
the body of the wearer less than system 100, as container 605
does not overlie main body 34, as is readily apparent from the
side view of FIG. 27B. Alternatively, instead of forming a
complete ring, the doughnut-shaped container 6056 could
extend only over a predefined arc, such as in the range of from
about 180 degrees to 355 degrees. In this embodiment, the
volume gain in the container 605 arising from collection of
milk will equal the loss in volume of the breast having that
volume of milk extracted, resulting in no change in the vol-
ume contained within the bra 130 of the user, so that there is
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no noticeable difference in the appearance of the user before
and after collection of milk in the container 60.

[0201] Any of the collection containers described herein
may optionally include one or more baffles or other constric-
tions 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 ofthe container due
to gravity. FIG. 28 A illustrates a doughnut-shaped container
605 having baffles 76 intermediate of the inner and outer
surfaces of the doughnut shape. Note that container 605 is
connected to tubing 34 via extension 62 at the lower portion
of the container 605 in this instance. This is unrelated to the
inclusion of baffles 76, but is shown as one of the alternative
locations that a container can be attached to the tube 34.
Baffles 76 are locations in the container 605, where the oppos-
ing layers of the container are fused or glued together to
restrict the container 605 from expanding as much as it oth-
erwise would. Various shapes like pie wedges, waflles, etc.
can be formed 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. Option-
ally, 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 605. FIG. 28C illustrates a view with a container
605 that does not have baffles, containing the same volume of
milk as the container 605 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
605 in FIG. 28C, resulting in 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.

[0202] FIG. 28D isanillustration of a container 60 showing
baftles 76 arranged in a waflle pattern to control the even
distribution of the volume of milk as it is received. FIG. 28E
is a side view of a main 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 9 cm. The
distance 282 from where the main body 34 begins to 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 7 cm. The dimension of the portion that is configured to
receive the nipple 3 measures about 2 cm in diameter. The
overall length 284 of the main body 34 measures about 4.5
cm. The distance 286 between the proximal most surface of
the main body 34 and the proximal bend end of the nipple
receiving cavity is about 1 cm. The length 284 of the nipple
receiving cavity is about 3 cm and the main body 34 extends
distally from the distal end of the nipple receiving cavity by a
distance 290 of about 0.5 cm. 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
anillustration of the container 60 of FIG. 28D mounted on the
main body 34 of FIG. 28E. Also shown in phantom lines is a
nipple 3 received in the nipple receiving cavity of the main
body 34.

[0203] 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
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waffles 76 will help the container 60 conform to a curved
surface. Baftles/waffles 76 can also control height or protru-
sion ofthe container locally. For example, it may be beneficial
to the allow 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 com-
pared to that provided at the lower portion of the container 60.
The bottom of the container, provided with more dense waf-
fling 76, will minimize the swell height in the bottom portion
ofthe container, resulting in more aesthetic, discrete changes
in breast shape contour while pumping.

[0204] The container 60 can be larger than the pump hous-
ing (main body) 34, allowing a portion of the container to
contact the skin of the breast 2. Also, the container 60 can be
contained 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
alternatively, container 60 can dual shape, cavities or com-
partments. Part of the container 60 may lie on top of the main
body and allow collection of only a predetermined volume of
milk, such as 4 oz. or some other predetermined volume. The
remaining portion of the container 60 may hang below the
breast 2 or to the side. This allows distribution of the milk
volume to aid in discretion/aesthetics—as well as weight
distribution. By keeping the extra milk volume next to the
skin—there is less moment arm/weight of milk further out
from the woman’s chest. This can facilitate stability of the
attachment of the system 100 to the breast 2 and comfort.

[0205] Alternatively, the breast pump system may allow
multiple ways to collect the milk. For example, if desired for
comfort or aesthetic reasons, when a user expects to express
greater than 5 oz 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 as a remote collection container worn
at the waist or in a purse/bag held over the shoulder or left on
a desk.

[0206] FIG. 29A illustrates a container 60c used with sys-
tem 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 the
annular container. FIG. 29B illustrates a variant of container
60c in which the one way valve 50 is located 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 60¢ having been
folded upwardly along a baffle 76 line to 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 be tri-folded along the other baffle 76 lines
as shown in FIG. 29D, for more compact storage, such as in
the refrigerator or freezer.

[0207] FIG. 30 shows another embodiment of a milk col-
lection container 60d that is ring-shaped to encircle the breast
2 and which includes one-way valve 50. Additionally con-
tainer 60d is provided with a tab or flap 78 that extends from
the milk containing portion ofthe container 604 and that is not
configured to contain any milk. Because the flap/tab 78 is
separated from the milk volume containing portion, it can be
written on or otherwise annotated without the potential of
puncturing the milk-containing portion or otherwise con-
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taminating the contained milk. This tab/flap 78 feature can be
provided on any of the embodiments of milk collection con-
tainer described herein.

[0208] Various modifications and embodiments of the
breast adapter 10 can be employed in system 100 to enhance
milk drawdown and extraction, improve comfort of fit, and
provide other advantages. FIG. 31A shows a breast adapter
that includes a rigid portion 80 where the nipple is inserted,
and a flexible, resilient portion 82. Massage drivers 84 such as
rollers that are driven by motor 86 to advance and retract the
rollers 84 against the breast to massage it, or other mechanical
equivalent, such as pumps, motor-driven lever arms or the like
can provide mechanical 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. 31B illustrates four different locations 86a, 865, 86¢,
864 where the breast 2 can be alternatively compressed and
allowed to expand by using four massage drivers. These mas-
sage 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.

[0209] FIG. 32A illustrates an embodiment in which the
breast adapter 10B is provided with vibration drivers 90.
Vibration drivers 90 may be in the form of piezoelectric
transducers that can be electrically driven by battery 48 at a
desired frequency to apply vibration to the breast 2, which
may help to stimulate milk letdown and/or extraction. Fre-
quencies of vibration applied may be in the range of 100 Hz
to 30 kHZ, typically about 250 Hz.

[0210] 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 alternatively, vibration driv-
ers 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
forninety second or less, for example. Additionally, the vibra-
tion applied to the breast may enhance milk flow volume
and/or rate during extraction, by stimulating hormonal
release and/or by the physical agitation of the breast. Vibra-
tion may also help prevent ducts in the breast from becoming
clogged. Vibration can help with flow and may help prevent
clogged ducts. It may also 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 dif-
ferent ones (or combinations of) these effects. Relatively
slower vibrational frequencies may be more attuned to bulk
mechanical movement, while higher frequencies may actu-
ally hit resonant frequencies with smaller structures like the
milk ducts. Different structures within the breast can be tar-
geted based on frequency and amplitude of the vibrational
forces applied.

[0211] FIG. 32B s a rear view (open end) of breast adapter
10 showing vibration drivers 90 such as motors or piezoelec-
tric devices mounted on the breast adapter 10. One or more of
the vibration drivers 90 can be activated at any one time, so
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that a pattern of activation can be run so that drivers 90 apply
vibration or massaging at different times in a sequence to
carry out a squeezing 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 operable independently of system 100. In
the embodiment shown, handheld driver 900 is a pen 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 a target 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.

[0212] FIG. 33 illustrates an embodiment in which the
breast adapter 10C is provided with heating elements 92.
Heating elements 92 may be in the form of electrically resis-
tive coils, or elements, piezoelectric transducers, or other
alternative elements that can be electrically driven by battery
48 to generate heat. The heat generated is applied to the breast
2, which may help to stimulate milk letdown and/or extrac-
tion. Heating elements 92 may be employed on any of the
breast adapter embodiments described herein. Heating ele-
ments 92 may be used in combination with vibration drivers
90. Although four heating elements 92 are shown in FIG. 33,
more or fewer could alternatively be used (as few as one).
Heating has been demonstrated in clinical studies to 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.

[0213] The application of suction/vacuum to the breast 2 by
breast adapter 10 may be varied. FIG. 34 schematically illus-
trates 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 a rigid 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 intermit-
tently 965. Suction to breast 2 provides more positive/addi-
tional 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 intermit-
tently 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.

[0214] FIG. 36 schematically illustrates an arrangement in
which a first, relatively lower suction/vacuum level is con-
stantly applied by breast adapter 10D though suction zone
96a to maintain a seal with the breast. A second, larger suc-
tion/vacuum level is intermittently applied to the space 98
surrounding the nipple 3 for extraction of milk.

[0215] FIGS. 37A-37B illustrate features that may be pro-
vided in a milk 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. 37A, a flexible spring 370 is provided in con-
tainer 60a, which keeps an open channel within the container
and does not obstruct the flow, due to the loosely wound coils
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of the spring, and which allows the container 60a to remain
flexible, as the spring 370 is flexible. In FIG. 37B, a flexible
porous tube 372 provides similar functions to spring 37.
Although elements 370 and 372 are shown in use in container
604, it is noted that they can be equally as well used in any of
the other embodiments of milk collection container described
herein.

[0216] FIG. 38 illustrates 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 por-
tion) 382 of the breast adapter 10E. In the embodiment
shown, portion 382 is flexible and portion 382 is rigid, or has
less flexibility that portion 380. When used in combination
with massage drivers 84, the breast 2 will be massaged at the
bottom portion thereof, butnot as much, or not at all along the
top portion.

[0217] 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 squeeze 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 compres-
sion forces against the breast 2, the tube 32 reopens (see FIG.
39C) and milk is extracted into the tube 32.

[0218] FIG. 40 illustrates a breast pump system 300 in
which the pumping region 30 and container 60 are suspended
on a lanyard 420 worn by the user. The length of the lanyard
420 is 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.

[0219] FIG. 41 illustrates an embodiment in which, in addi-
tion to the suction/vacuum created by withdrawing compres-
sion element 36 away from tubing 32T the compression ele-
ment 36 is also mechanically linked to a portion of breast
adapter 10 surrounding the nipple 3. Thus, as element 36
moves away from tube 32, it also pulls on that portion of
breastadapter 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.

[0220] 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 is incompressible, and
neglecting any losses associated with air leaks, and also
assuming a majority of air has been purged from the system
100, the wall of the tube 32 as it rebounds to regain the
unbiased configuration (in the absence of any milk inflow)
creates a peak suction P(p) when released from the compres-
sor element 36/38. In this state the tube 32 is deformed to have
less volume within it, referred to as volume V(p). P(p) and
V(p) will be maintained as a constant if there is no milk
inflow. As milk inflows, the tube 32 begins to return to its
natural shape. At each incremental amount of volume of milk
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introduced into the system 100, the suction force of the tube
32 reduces. The reduced suction level is referred to here as
P(n) and the volume associated with each increment is V(n),
where n equals a positive integer that starts at 1 and increases
by 1 with each increment of milk received. Eventually the
pressure reaches a final suction pressure P(f) that corresponds
to a final full volume of V(f). Thus, via either a look-up table
or by direct equation, each pressure detected can be converted
to a volume. As a result, the amount of milk passed in one
cycle of the system is equal to V(f) minus V(p) which is
detectable by determining P(f) and P(p). When used in detect-
ing letdown and initial expression of milk from the breast,
upon detecting the initial expression, controller 52 can con-
trol compression elements 36, 38 to change from a mode used
to initiate letdown and initial extraction (which may be per-
formed 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.,
-180 mm HG, -200 mm Hg or —220 mm Hg). Upon sensing
a predetermined amount of volume of milk having entered the
system, the controller 54 can again change the mode of opera-
tion of elements 36, 38 to perform the expulsion phase, where
element 36 seals off the breast adapter at a predetermined
suction/vacuum level (e.g., -50 mm Hg or -60 mm Hg) and
element 38 is operated to expulse the milk from region 42
under positive pressure. After the expulsion phase (when
element 38 has completed its stroke), controller 54 again
changes the mode of operation of elements 36, 38 to return to
the extraction phase.

[0221] Cycle frequencies, amplitudes of pressure (suction/
vacuum) can be controlled by controller 54 based on feedback
from pressure sensor 52. These variables can be altered by the
controller to optimize milk extraction, based on the estima-
tions 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 a
predetermined flow rate, including, but not limited to a flow
rate of zero, or alternatively, can be programmed to end pro-
cessing 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 sec-
onds, 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 subse-
quent feedings/milk extraction processes. Any of these auto-
matic control schemes by the controller 52 can be overridden
by the user, to choose different programming or operate the
system 100 in manual mode via the use of controls 252.

[0222] Because the compression actuation elements 36, 38
are placed so close to the nipple 3, there is very little attenu-
ation of the suction/vacuum waveforms generated thereby,
relative to currently existing systems which typically place
the suction/vacuum pump much further from the nipple. This
provides an advantage in that pressure (suction/vacuum)
waveforms, such as relatively high frequency changes in suc-
tion/vacuum can be applied, which would not be possible
with prior art systems, as the 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 sips or suckles on the breast, followed
by a longer duration suck, and then repeating this cycle. This
would involve operating the compression elements 36, 38 to
apply the maximum suction/vacuum (e.g., —200 mm Hg) to
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the breast 2/nipple 3 for a very 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 more times, then apply-
ing the maximum suction/vacuum for a more extended period
(e.g., five seconds, tens seconds, fifteen seconds or more).
After the extended period expires, the entire cycle could be
repeated. This is only one example, as the controller 52 can be
programmed to carry out any other variations of suction/
vacuum cycling desired. For example, a mother could pro-
gram 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 suc-
tion/vacuum) and the frequency of sucking.

[0223] Pressure sensor 54 is preferably located in the breast
adapter 10, preferably at a location near where the nipple 3 is
received. Alternatively, the pressure sensor could be placed
anywhere in juxtaposition with the suction/vacuum space.
Further alternatively, in addition to the placement of the pres-
sure 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 lim-
ited to: distal of region 40, in between regions 40 and 42,
proximal of region 42, but adjacent thereto, and/or distally
adjacent one-way valve 50. In one embodiment, pressure
sensor 54 is made as a “window” of the same material that
surrounds it, so that it is sensitive to pressure changes and
flexes inwardly or outwardly in response to pressure changes
within the space that it is located.

[0224] FIG. 43 is an exploded illustration of system 100
according to another embodiment 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 unit into the housing 34 in a manner as described
previously. Opening 432 (and optionally window 434) allow
optical sensing of the deviations in position of sensor 54 as the
sensor 54 flexes in or out as a result of pressure change in the
space within the breast adapter 10/tubing 32.

[0225] FIGS. 44A-44B illustrate operation of the pressure
sensor 54 to detect pressure within 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 sus-
tained (e.g., —60 mm Hg or =50 mm Hg or some other pre-
determined minimum suction/vacuum level), or some other
known pressure. As suction/vacuum increases within the
breast adapter 10, pressure sensor 54 flexes inwardly, as illus-
trated 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:
a light 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 pres-
sure (suction/vacuum) within the breast adapter 10. The con-
troller 52 receives optical signals (or electric signals con-
verted from the optical signals of optical monitor 400),
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calculates the amount of deflection of sensor 54 indicated by
the signals, and calculates a pressure reading from the amount
of deflection calculated.

[0226] An alternative type of pressure sensor 54' that could
be used is a Non-Contact DVRT®, available from Lord
Microstrain Sensing Systems (Cary, N.C.). This type of pres-
sure sensor uses two coils 450, 452, one for sensing and the
other for temperature compensation, see F1G. 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)
in a region 10', 32' that is relatively more flexible than the
portions of the breast adapter 10/tube 32 that surround the
region 10", 32', respectively. The region 10", 32' may be in any
of'the locations described above with regard to sensor 54. The
flexible region 10', 32' can formed as a part of the breast
adapter 10/tube 32, such as by molding it to be thinner and
more flexible than the surrounding areas. Alternatively, the
flexible region 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, as illustrated 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 results in a
measurable change of either current or voltage. The change in
voltage or current, is received as a signal from the sensor 54'
by controller 52. The signal can be calibrated and correlated
to changes in pressure within the breast adapter 10/tube 32.
Signals representative of the pressure change are sent by
sensor 54' to controller 52 via electrical line 456 (or, alterna-
tively, wirelessly), where controller 52 can calculate displace-
ment and pressure based on the signals received. Other alter-
native pressure sensors that 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.

[0227] FIG. 46 is a schematic representation of a pump
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 com-
pression elements 36, 38. Motor 44 is mechanically con-
nected to a drive arm 462 that rotates to drive compression
elements 36, 38 alternatively. In the initial actuation of motor
44 the drive arm 462 is swept via rotation about 464 (counter-
clockwise in FIG. 46) to release compression element 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. The toggle 460 is again 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
highlevel suction/vacuum (e.g., —200 mm 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 actuates toggle 460 to cause the
next motion of drive arm 464 to be in the opposite direction.
[0228] The breast pump systems according to the present
disclosure may optionally be designed with the capability of
communicating to an external computer which may be, but is
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not limited to: a smartphone, a tablet computer, a laptop
computer, a notebook computer or a server. FIG. 47 is a
schematic representation (not to scale) of transfer of data
wirelessly from controller 52 to smartphone 470. Controller
52 may include a wireless transmitter 472 that can be actuated
by the user via controls 252 to send data to the external device
470 at will, as long as the external device 470 is in range ofthe
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, control-
ler 52 can be provided with a BLUETOOTH® transmitter, so
that data is automatically transmitted to the external device
470 whenever the external device 470 in range of the BLUE-
TOOTH® transmitter. Still further, controller 52 can be con-
figured to automatically upload data to a server in the cloud
and/orupload 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
programs for use with the breast pump system, which could
beupdated by crowd sourcing results from other mothers, etc.
The uploaded data could also be useful for insurance compa-
nies or other entities having permission under the Affordable
Care Act (and/or the user’s permission) to use the data.

[0229] The external device 470 can be provided with soft-
ware to customize pump functions based on data received
from the controller 52, to calculate volume of milk extracted,
to track expression efficiency and monitor it over time (within
a single extraction session, as well 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 reminders to use the containers of milk 60 with a specified
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, altering suction
waveforms (amplitude and duration of application of suc-
tion), phases of extraction or feeding times, rest program-
ming, heating temperatures and times, vibration frequency
and duration, etc. Also the battery level can be monitored and
awarning provided when the battery reaches a predetermined
low level of charge. The external device may also use the
display 478 to 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.

[0230] The extraction and expulsion phases ofthe cycle can
be repeated continuously from the beginning to ending of a
extraction session. Alternatively, controller 52 can be pro-
grammed 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 where it contacts
the 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. Additionally, such rest
phases may help prevent edema, mastitis, or other problems
that might occur without them. A rest phase can be com-
menced after a predetermined number of extraction and
expulsion phases have been carried out or after a predeter-
mined time of carrying out extraction and expulsion phases.
The rest phase may be carried out for a predetermined time (a
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few seconds or more) after which suction/vacuum is re-estab-
lished and the extraction and expulsion phases are again car-
ried out. Further optionally, a rest phase may be commenced
upon sensing via pressure sensor 54 that milk flow has fallen
below a predetermined flow rate or has fallen to 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.

[0231] The connection between the container 60 and tube
32 may be monitored to ensure that the connection remains
throughout an extraction and expulsion session so that milk is
not lost or wasted. One way of monitoring is to make com-
ponents 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 prop-
erly connected to tube 32. The metallic connection is electri-
cally connected to controller 52 which monitors the circuit to
ensure that conductivity is maintained. If the container 60
should become dislodged or removed from the system such
that conductivity is broken, the controller 52 immediately
senses the disruption in conductivity and shuts down the
pumping region 30.

[0232] Likewise, motors 44, 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 operating temperatures of the motors and/or movement
and/or rate of movement of the motors, as illustrated in FIG.
49. This feedback can be used by the controller to shut down
or slow down one or more motors if it overheats or fails to
move properly when activation signals are applied.

[0233] A breast pump system according to the present dis-
closure may optionally be provided with a pressure relief
mechanism to prevent generating too great a suction/vacuum
within the system. FIG. 50 illustrates a pressure relief mem-
ber 502 placed in the breast adapter 10, and also shows alter-
native, 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 pre-
determined pressure that the valve is designed for is
exceeded. For example, valve 502 may automatically open
when the suction/vacuum pressure drops below =250 mm Hg
or some other predetermined suction/vacuum level. Option-
ally, pressure relief member 502 may be in electrical commu-
nication with controller 52, such that controller 52 could
automatically activate pressure relief member based on moni-
toring 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 manually via controls 252 to manu-
ally initiate the pressure relief valve 52. A further alternative
pressure relief member 52 is a lever arm or plunger than can
be electrically activated by a coil to physically break the seal
between the breast adapter 10 and the breast.

[0234] FIG. 51 shows a longitudinal sectional view of a
breast adapter 10' that may be used in any of the breast pump
systems described herein, according to another embodiment
ofthe present disclosure. In addition to the primary flange 510
provided for receiving a portion of the breast 2 therein,
adapter 10' includes a second flange 512 that loops or folds
inwardly from the primary flange 510 and contacts the breast
2 when the breast is inserted into the system for carrying out
an extraction session. Secondary flange 512 is designed to
remain in contact with the breast 2 at all times during wearing
of the system and preferably forms a seal with the breast.

Jul. 21, 2016

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., 50 mm Hg or 60 mm Hg), 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 the
flanges 510 and 512 in the gap 514, so that no milk spillage
will occur. During the extraction phase, when the higher
suction/vacuum is applied (e.g., —180 mm Hg, -200 mm Hg
or =220 mm 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 away from the flange 512 momentarily during an
extraction phase, as this results in a loss of suction/vacuum
and the gap 514 immediately reopens.

[0235] FIG. 52A shows a longitudinal sectional view of a
breast adapter 10" that that may be used in any of the breast
pump systems described herein, and which is a variation 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 flexible lip that extends radially inwardly from
the primary flange 520 and contacts the breast 2 when the
breast is inserted into the system for carrying out an extraction
session. FIG. 52B is a rear 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. Deflectable lip
522 is designed to remain in contact with the breast 2 at all
times during wearing of the system and preferably forms a
seal with the breast. When the breast 2 is engaged with the
system, the lip 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 returns to 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".

[0236] FIG. 53A is a front, exploded view illustrating the
breast adapter 10 and tube 32, main housing 34 and milk
container 60 according to an embodiment of the present dis-
closure. The main body/housing is smoothly contoured on its
distal surface, so as to form a visual impression of the breast
2 when received in bra 130. A notch 530 is provided 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.

[0237] FIG.53Bis arear, exploded view of the components
illustrated in FIG. 53A. This perspective better shows the
contours of the main body 34, illustrating its “egg-shape” or
“pear-shape” front profile. Also shown is the location of the
nipple cavity 532 that is below the center of the main body 34.
The proximal (rear) surface 34P of the main body 34 is
concavely contoured and the breast adapter 10 follows this
contour so as to cup the breast 2 as it is received and provide
comfort and low profile.

[0238] FIG. 53C is a front 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 overlies the
edge of main housing 34 so that no seams or edges are present
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when the breast adapter is in 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. FIG. 53D is a rear view of the
components shown in FIG. 53C. The smooth interface pro-
vided 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.

[0239] FIG. 53E illustrates a front 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 a full 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. The region 536 (emphasized by dotted ellipse 538 in
FIG. 53E) that is not covered by the container 60 when con-
tainer 60 is mounted on main body 34, better allows the
container 60 to conform to the shape/contours of the main
body 34 and also provides an open area where 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 a full ring, as
illustrated 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 a
portion of main body 34 is visible on either side of the exten-
sion, so that controls 232 and/or display 230 can be positioned
for viewing by the user. Extension 540 also provides an even
hanging/balance to the container as it fills up with milk.

[0240] 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 12F are provided to extend distally from the overlap of
compliant region 12 on the edge of main body 34. The flanges
12F also taper distally to form a smoother transition with the
breast 2 when the system 100 is mounted on the breast 2,
thereby making the system 100 less visible or noticeable
when worn by a user. The tapered, thin flexible flange 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. Flexible flange 12F is preferably, but not neces-
sarily integrally formed with the compliant region 12 and
breast adapter 10.

[0241] 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 a short length compression effector 36A (in this
case, compression effector 36 A has the same length or diam-
eter of the shaft of the compression element 36 and may
optionally be simply the free 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 this
embodiment moves horizontally (in the Figs, but could be a
different direction depending upon the orientation of the sys-
tem) 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
levels in the system.
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[0242] The compression surface of the compression ele-
ment 38 maintains a constant 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., -60 mmHg or
-50 mm Hg, or some other predetermined minimum) is main-
tained against the breast. The compression element 36 is fully
retracted away from the tube, so that the tube is not com-
pressed in region 40. In this phase, the majority of the tubing
region 42 is compressed, but not sealed off.

[0243] To move the system to an active suction phase,
where the maximum predetermined suction/vacuum is gen-
erated (e.g., -200 mm Hg, -220 mm Hg or some other pre-
determined maximum suction/vacuum level) the compres-
sion element 36 maintains it position and the compression
element 38 is slid or rolled in a direction away from the breast
to enable tubing 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 suc-
tion/vacuum level, which can be programmed into the con-
troller for use in the feedback loop used to maintain the
maximum suction/vacuum. Movement toward the breast
decreases the suction/vacuum while, conversely, movement
away from the breast increases the suction/vacuum. F1G. 55C
shows the compression element 38 having been returned to
the position shown in FIG. 55A to re-establish the predeter-
mined minimum suction/vacuum, in this case, —-60 mm Hg.
The change in 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 position in
FIG. 55C is the volume of milk expressed during that cycle,
assuming no air leaks to the system. Thus by knowing the
inside diameter of tube 32 and the relative positions of com-
pression element 38 (as tracked by controller 52), an estimate
of the volume of milk that is moved proximally of the com-
pression element 38 can be calculated by the controller 52.
Further, the calculated 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 as to a web-based cloud
server.

[0244] 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 is not
sealed off, see 552. Once the tube 32 is sealed off by element
36 so that the minimum suction/vacuum level is maintained
against the breast 2, compression element 38 is rolled or slid
toward the breast (and toward element 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 posi-
tive 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 expul-
sion phase illustrated in FIG. 55E, the compression element
36 is retracted while maintaining at least the minimum suc-
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tion/vacuum level against the breast by adjusting the element
38 as needed as the cycle returns to FIG. 55A in preparation
for another extraction phase.

[0245] The amount of dead space in 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 suffi-
cient 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 com-
pressed 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 suc-
tion/vacuum level. The maximum suction/vacuum level that
the system is capable of generating is governed by the prop-
erties of the tube 32, including inside diameter, wall thick-
ness, material and durometer of the tube 32. In the embodi-
ment of FIGS. 55A-55E, the tubing 34 is configured with a
capacity to generate a suction/vacuum that exceeds the pre-
determined maximum suction/vacuum level.

[0246] 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 a lower mean suction/vacuum pressure. For
example, when flow discontinues, the system may not be able
to cycle up to -60 mm Hg, but, instead alternates between
-200 mm Hg and -90 mm Hg. Controller 52 can be pro-
grammed 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 num-
ber of previous cycles; or calculate and compare the mean
suction/vacuum pressure levels of the predetermined number
of previous cycles. If the pressure has not reached the prede-
termined minimum suction/vacuum level (e.g., -60 mm Hg)
during the predetermined number of previous cycles, this
indicates that the milk expression and expulsion session has
ended, as there is no 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 the first four
minutes (or other predetermined time period measured from
commencement) of the pumping cycle as the user is in 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 alert to an
external 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 com-
puter.

[0247] Alternatively a flow 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 a real time real
running total of milk volume can be estimated and displayed
on display 250 and/or sent to be displayed on a smartphone or
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other external computer. The controller 52 can be pro-
grammed 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.

[0248] Inaddition to sensing when milk expression stops or
when collection vessel 60 is full, the system 100 can also auto
detect when full let down occurs. The pump region 30 may
start with a preprogrammed cycle that is intended to assist in
letdown. This cycle is typically faster in frequency and shal-
lower in vacuum amplitude than that of the expression cycle.
The initial let down cycle may be modified by a user to fit the
user’s personal preferences via a “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 changes in the breast area. Once milk flows, it will
affect the pressure positively. Upon such a change—with
appropriate delays, checks, confirmation, the program can
automatically switch to a deeper, fuller expression mode
where the cycle typically slows down and pressure (vacuum)
amplitude increases. Additionally, while in expression mode,
the system can monitor pressure changes. Knowing compres-
sion 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 is relative to flow. The system can then optimize
its action (frequency, pressure profile, etc.) to optimize milk
expression.

[0249] 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.

[0250] By providing a tube 32 designed to create a maxi-
mum value that exceeds the predetermined maximum oper-
ating 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 shuts it 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 as an 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 has been provided with an indicator
light 570. When the system 100 is manually shut down by the
user, the indicator light changes from a green color to a red
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 remove the system 100 from the breast 2.
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[0251] FIG. 58A is a front, 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/housing is smoothly con-
toured on its distal surface, so as to form a visual impression
of the breast 2 when received in bra 130. A notch 530 is
provided 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 as it fills with milk.

[0252] FIG. 58B is a front 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 overlies the
edge of main housing 34 so that no seams or edges are present
when the breast adapter is in 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.

[0253] FIG. 58C illustrates the process of attaching the
container 60 to the system. As the extension 62 is inserted into
the distal end 66 of tube 32 so that detents 64 are received in
mating receptacles in the distal end 32 to connect (with
optional inclusion of one or more seals 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 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 portion of the con-
tainer 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 is laid
flat.

[0254] 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 are illustrated as facilitating
the even distribution of milk 4 in the container 60 as the
container maintains its original configuration following the
contours of the front surface of main body 34.

[0255] FIG. 59A is a front, 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
as the embodiment of FIGS. 58A-58E, except that container
60 is provided with graduation markings 590 configured to
accurately measure the amount of milk collected. In the
embodiment shown, the graduation markers 590 indicate 1
07.,20z.,3 oz. and 4 oz., respectively. The markers 590 may,
of course, be varied to indicate different volume levels, if
desired.

[0256] FIG. 59B is a front 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 view-
able to estimate that the volume of milk 4 collected is about
three and a half ounces. The baffles 76 are illustrated as
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facilitating the even distribution of milk 4 in the container 60
as the container maintains its original configuration following
the contours of the front surface of main body 34.

[0257] FIG. 59C is a rear, exploded view of system 100 of
FIGS. 59A-59B, illustrating the nipple receiving cavity 702
of breast adapter 10 that is configured to receive the nipple 3
while leaving a vacuum-suction space between the nipple 3
and the breast adapter. Also visible from this rear view is the
channel 430 in main body 34 that is configured and dimen-
sioned 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 10 is formed integrally
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 containing 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 shown in FIG. 1. Housing 34 also includes a channel
232 configured and dimensioned to receive tube 32 and hold
it in proper position so that it can be acted upon by compres-
sion elements 36, 38 as intended. Tube 32 can be received in
channel 232 with a snap or friction fit, for example, so that it
is held 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 resil-
ient return to an uncompressed state, while the opposite sur-
face is held stationary against a surface of the channel 232.

[0258] FIG. 59D is a partially exploded rear view of the
system 100 of FIG. 59A, showing the breast adapter 10 and
tube 32 having been installed in the main body 34. The com-
pliant 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 is in contact with the skin of the breast 2.

[0259] 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 is not visible from this view. As the
extension 62 is inserted into the distal end 66 of tube 32 so that
detents 64 are received in mating receptacles in the distal end
32 to connect (with optional inclusion of one or more seals
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
the front surface of the main body, so as to be well-concealed
within a bra. Container 60 in this embodiment is not continu-
ously 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 buck-
ling. 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 is laid flat.

[0260] FIG. 59F is a rear 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 is a rear 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.
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[0261] FIG. 60 illustrates a valve feature that may be pro-
vided on any of the systems described herein, according to an
embodiment of the present disclosure. As the compression
element 38 moves from the position shown in solid lines to the
position shown in phantom lines to reduce the vacuum from
the high operating vacuum level for extraction (e.g., 200 mm
Hg or the like) to the low vacuum level (e.g., 60 mm 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 com-
pression elements 36, 38. In the embodiment shown in FIG.
60, avalve 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 nears the
end of its compression stroke (as shown in phantom in FIG.
60), it contacts pivot arm 592, forcing the contacted portion
down and pivoting the opposite, non-contacted portion about
pivotjoint 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 ele-
ment 38 retracts in response to the pumping mechanism oper-
ating in its desired range of 60 mm Hg to 220 mm.

[0262] FIG. 61 is a longitudinal sectional view of breast
adapter 10 and a portion of tube 32 illustrating a pressure
relief valve according to an embodiment of the present dis-
closure. 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 is in the form of a flap that can deflect. Flap 924
has a predetermined spring constant that keeps it in the closed
configuration shown until a predetermined maximum suction
value has been reached, such as —200 mm Hg, —220 mm 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 once the suction level drops back
down to less than the predetermined maximum suction level.
[0263] Optionally, the nipple receiving portion of the main
body 34 may be configured for visualization therethrough so
that a user, or a second 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 facili-
tate this visualization. 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.

[0264] In some embodiments, breast adapter 10 has fea-
tures 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 a cooling gel. The main body 34 in some embodi-
ments has features that also prevent the breast from becoming
sweaty or too hot, for example, vent holes in the main body
release heat from the main body, a cooling fan provides a flow
of air to cool the main body or the breast, or has a cavity in
which a replaceable cooling pack is placed.

[0265] FIG. 63 is a schematic representation of a portion of
a system 100 that includes a main body 34 that can be peeled
back or partially separated from the breast adapter 10 to allow
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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.

[0266] The breast pump systems 100 of the present disclo-
sure may be paired and used in parallel (or serially) when
mounted to both breasts 2 of a user. As can 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 a user and to present a natural
look. As such, the profile is characterized by having a non-
circular base unlike that embodied in a generally dome-
shaped configuration. Extending from the base are curved
surfaces having asymmetric patterns. 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. Various natural breast shapes can be provided to
choose from to the tastes and needs of a user. FIG. 64 is a
perspective view showing a pair of breast pump systems 100,
according to an embodiment of the present disclosure.

[0267] FIG. 65 shows a user wearing two breast pump
systems 100 on breasts 2, the systems being supported by a
bra 130. FIG. 66 shows the ability of the systems 100 to be
used by the user while reclined or lying in a supine position.
FIG. 67 shows the user wearing a blouse over the breast pump
systems 100 and bra 130, demonstrating the degree to which
the present system can be concealed, as the systems are barely
noticeable, giving an elegant, natural look. 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.

[0268] 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 par-
ticular situation, material, composition of matter, process,
process step or steps, to the objective, spirit and scope of the
present disclosure. All such modifications are intended to be
within the scope of the present disclosure as described herein.

That which is claimed is:

1. A wearable, portable self-powered breast pump system
for pumping milk from a breast and including a main body
sized to fit within a user’s bra, comprising:

a conduit;

a milk collection container configured within the main
body ofthe breast pump system and including a one-way
valve, the one-way valve configured to connect to the
conduitand the milk collection container is immediately
sealed when detached from the conduit; and

a pump mechanism configured to pump milk from a breast
through the conduit to the milk collection container.

2. The wearable, portable self-powered breast pump sys-

tem of claim 1, wherein the one-way valve is integral with the
milk collection container.

3. The wearable, portable self-powered breast pump sys-
tem of claim 1, wherein as the pump mechanism operates the
conduit becomes mostly filled with milk, the breast pump
system thereby approaching a fully hydraulic system.

4. The wearable, portable self-powered breast pump sys-
tem of claim 3, wherein the milk pumped from the breast is
employed as hydraulic fluid.
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5. The wearable, portable self-powered breast pump sys-
tem of claim 1, further comprising a breast adapter configured
and dimensioned to form a seal with the breast.

6. The wearable, portable self-powered breast pump sys-
tem of claim 1, wherein a latch suction is maintained through-
out a pumping session.

7. The wearable, portable self-powered breast pump sys-
tem of claim 1, further comprising a plurality of operational
settings, wherein said at least one operational setting is at
least one suction level setting, a suction waveform definition,
an extraction phase time, a threshold milk volume estimate
per extraction phase, an expulsion pressure, a rest phase tim-
ing, a heating temperature, a heating time, a vibration fre-
quency or a vibration time.

8. The wearable, portable self-powered breast pump sys-
tem of claim 1, wherein the milk collection container is a
compliant bag, the compliant bag configured to be releasably
connected to the breast pump system and to receive pumped
milk.

9. The wearable, portable self-powered breast pump sys-
tem of claim 1, further comprising a controller that controls
pumping to provide a desired waveform.

#* #* #* #* *
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