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BREAST PUMP SYSTEM AND METHODS

FIELD OF THE DISCLOSURE
[0001] The present disclosure generally relates to portable, energy efficient breast

pump systems and methods for collecting milk from a breast of a nursing mother.

BACKGROUND OF THE DISCLOSURE

[0002] As more 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 for use 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 can include breast contacting structure and a
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storage container, and structure configured to deliver extracted milk from a breast to
the storage container. A method can involve extracting milk from a breast and
pumping the milk to a storage container.

[0006] According to one aspect of the present disclosure, a system for pumping milk
from a breast can included a skin contact member configured and dimensioned to form
a scal with the breast, a conduit in fluid communication with said skin contact member,
a driving mechanism configured to compress a region of the conduit, and a valve
configured and dimensioned to alternatively seal and release a seal of the conduit at a
first location of the conduit between the skin contact member and a second location of
the conduit aligned for compression by the driving mechanism. The system can further
include a storage container for storing the milk pumped from the breast, the storage
container configured for fluid communication with the conduit.

[0007] In at least one embodiment, the system further includes a one-way valve in
fluid communication with a distal end portion of the conduit or a one-way valve
between the storage container and conduit, the one-way valve preventing backflow of
milk into the conduit. The one-way valve can be configured to prevent backflow of air
into the conduit and can additionally or alternatively have an opening pressure
threshold of about 25mm Hg.

[0008] A driving mechanism can be provided and configured to retract away from the
conduit, and wherein a suction created by compressing the conduit and allowing the
conduit to rebound is a driving force for extracting milk from the breast. The driving
mechanism can include a paddle configured to compress the portion of the conduit, and
a motor configured to drive the paddle towards and away from the conduit.

[0009] In at least one embodiment, a valve can be provided and configured as a
compression member and a motor can be configured to drive the compression member
toward and away from the conduit. In at least one embodiment, the valve when sealing
off the conduit maintains a constant pressure level in a vacuum space between the
valve and the breast. Moreover, in certain approaches the driving mechanism and the
valve can be configured for coordinated compression and release of compression of the
conduit at first and second locations to generate a suction level sufficient to extract

milk from the breast. Additionally, the driving mechanism and the valve can be
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further configured for coordinated movements to create a positive pressure to drive the
milk extracted from the breast, through the conduit, away from the breast and pumping
mechanism, while maintaining a negative pressure applied to the breast. In at least one
embodiment, pressure is sufficient to pump the milk against gravity.

[0010] In at least one embodiment, the system further can additionally or alternatively
include a controller electrically connected to the pumping mechanism and the valve
and configured to control movements of the pumping mechanism and the valve. A
battery can be provided and electrically connected to the pumping mechanism and the
valve and configured to supply power for movements of the driving mechanism and the
valve. The battery can be further electrically connected to the controller, the pumping
mechanism and the valve and configured to supply power for operation of the
controller and movements of the driving mechanism and the valve.

[0011] In one particular approach, the system further includes a pressure sensor
located and configured to sense pressure in a space between the skin contact member
and the breast when the skin contact member is sealed to the breast. The pressure
sensor can also be placed and configured to sense pressure in a space between the skin
contact member and the breast, when the skin contact member is sealed to the breast,
wherein the pressure sensor is in electronic communication with the controller.

[0012] The controller can be configured to adaptively control movements of the
pumping mechanism and the valve with input from a feedback loop established with
the pressure sensor. Further, in certain approaches, the controller is programmable to
change control settings for controlling movements of the pumping mechanism and the
valve. The controller can alternatively or additionally be configured to adaptively
control movements of the pumping mechanism and the valve based upon real time
feedback.

[0013] In at least one embodiment, the conduit is designed and configured to
resiliently generate a suction less than -60mm Hg, when resiliently returning from a
biased, compressed state toward an unbiased, uncompressed state, when the conduit is
connected to the skin contact member and the skin contact member is sealed to the
breast. In certain embodiments, the conduit at a first location has a first inside diameter

and the conduit at the second location has a second inside diameter, and wherein the
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second inside diameter is greater than the first inside diameter. In various approaches,
a first inside diameter is a first dimension within the range of about .040” to about
.35”mm, and the second inside diameter is a second dimension in the range of about
125 to about 1.0”. The first dimension can also be within the range of about .08” to
about .20” and the second dimension can be within the range of about .25 to about
757, or the first dimension is about .104” and the second dimension is about .375”.

[0014] In at least one embodiment, the conduit at a first location has a first outside
diameter and the conduit at the second location has a second outside diameter, and
wherein the second outside diameter is greater than the first outside diameter. The first
outside diameter can have a first dimension within the range of about .052”mm to
about .446”, and the second outside diameter is a second dimension in the range of
about .187” to about 1.312”, or the first dimension can be within the range of about
.148” to about .37 and the second dimension can be within the range of about .375” to
about .984”, or the first dimension is about .192” and the second dimension is about
5637

[0015] Further, the conduit at a first location can have a first wall thickness and the
conduit at the second location can have a second wall thickness, and wherein the
second wall thickness is greater than the first wall thickness. The first wall thickness is
a first dimension within the range of about .006” to about .055”, and the second wall
thickness is a second dimension in the range of about .020” to about .156”, or the first
dimension is within the range of about .013” to about .0312” and the second dimension
is within the range of about .039” to about .117”. In at least one embodiment, the first
dimension is about .044” and the second dimension is about .094”.

[0016] In at least onc embodiment, the conduit at the first and second locations is
compliant and resilient, and wherein portions of the conduit upstream of the first and
second locations and downstream of the first and second locations are non-compliant.
The system can further include a flange adapter configured to connect the skin contact
member and the conduit in fluid communication. The skin contact member can be
removably attachable to the flange adapter and further, the driving mechanism and
valve can be contained in a housing, and the skin contact member and conduit are

removably attachable to the housing.
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[0017] In additional or alternative various other aspects, the controller is programmed
with instructions for a plurality of pumping modes and the controller comprises a
selector for manually selecting any one of the plurality of pumping modes. The
controller can also include a speed selector adapted for manually modifying a pumping
speed of the system, or additionally or alternatively, the controller can include a
pumping force selector operable to manually adjust a maximum suction level achieved
by the system during pumping.

[0018] A breast flange can additionally or alternatively provided and configured and
dimensioned to form a seal with the breast. In one approach, the system can include
the flange as well as a conduit in fluid communication with the breast flange, the
conduit having a capacity to contain a volume, a first compression member configured
to compress a first region of the conduit; and a second compression member configured
to compress a second region of the conduit, wherein the second compression member
is configured to displace a predetermined percentage of the volume upon fully
compressing the second region, and wherein the first compression member is
configured to displace less than five percent of the predetermined volume upon fully
compressing the first region. The first compression member can be configured to
displace two percent or less of the predetermined volume upon fully compressing the
first region. Also, the first region of the conduit can alternatively or additionally
include a first internal space having a first volume and the second region of the conduit
comprises a second internal space having a second volume, wherein the second volume
is greater than the first volume.

[0019] In at least one embodiment, the first region of the conduit comprise a first
cross-sectional area and the second region of the conduit comprises a second cross-
sectional area, wherein the second cross-sectional area is greater than the first cross-
sectional area. The first region of the conduit can be tubular and the second region of
the conduit can be tubular, the first region having a first inside diameter and the second
region having a second inside diameter, wherein the second inside diameter is greater
than the first inside diameter.

[0020] According to another aspect of the present disclosure, a method of pumping

milk from a breast can involve one or more of providing a breast pump system
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including a conduit, a pinch valve and a compression member, the pinch valve and the
driving member being configured to compress first and second regions of the conduit,
respectively, forming a seal of the system against the breast to place the conduit in
fluid communication with a nipple of the breast, actuating the compression member to
establish a suction level sufficient to extract milk from the breast, actuating the pinch
valve to seal off a level of suction applied to the breast, and actuating the compression
member to establish a positive pressure to pump the milk having been extracted from
the breast to a location away from the breast and compression member, while
maintaining the level of suction applied to the breast.

[0021] In one or more approaches, the establishment of a suction level further
involves varying the suction level between a maximum suction level and a latch
suction level, wherein the latch suction level applies less suction than an amount of
suction applied at the maximum suction level, and wherein the latch suction level is
applied to the breast when the compression member establishes a positive pressure.
There can also be provided an approach involving monitoring pressure applied to the
breast and providing pressure readings to a controller, and modifying operation of at
least one of the compression member and the pinch valve to compensate for pressure
changes resulting from entry of milk into the conduit. Furthermore, one or more
approaches can involve returning to a milk extraction phase by coordinating
movements of the pinch valve and the compression member to open up the first region
and open the second region to generate suction.

[0022] These and other features of the disclosure will become apparent to those
persons skilled in the art upon reading the details of the systems and methods as more

fully described below.

BRIEF DESCRIPTION OF THE DRAWINGS
[0023] Fig. 1 is an illustration of a breast pump system according to an embodiment of
the present disclosure.
[0024] Fig. 2 is a partial view of the system of Fig. 1, according to an embodiment of

the present disclosure.
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[0025] Fig. 3 shows a longitudinal-sectional view of a compression element of the
system according to an embodiment of the present disclosure.

[0026] Fig. 4 is a perspective, partial view of a system according to an embodiment of
the present disclosure.

[0027] Fig. 5 shows an exploded view of the embodiment of Fig. 4.

[0028] Fig. 6 is an isolated view of one side (right hand side of the subassembly shown

in Fig. 5) of the pumping subassembly, according to an embodiment of the present

disclosure.
[0029] Fig. 7 is an exploded view of the components shown in Fig. 6.
[0030] Fig. 8 is an isolated view of the other side (left hand side of the subassembly

shown in Fig. 5) of the pumping subassembly, according to an embodiment of the
present disclosure.

[0031] Fig. 9 is an exploded view of the components shown in Fig. 8.

[0032] Fig. 10 illustrates how the two sides of the subassembly can be assembled and
fixed together, according to an embodiment of the present disclosure.

[0033] Fig. 11 illustrates an assembled subassembly according to an embodiment of
the present disclosure.

[0034] Fig. 12 shows an isolated view of a tubing assembly according to an
embodiment of the present disclosure.

[0035] Fig. 13 is an isolated view of a flange adapter according to an embodiment of
the present disclosure.

[0036] Fig. 14A is a perspective view of a second compression member according to

an embodiment of the present disclosure.

[0037] Fig. 14B is a side view of the compression member of Fig. 14A.
[0038] Fig. 14C is an end view of the compression member of Fig. 14A.
[0039] Fig. 15A is a perspective view of a first compression member according to an

embodiment of the present disclosure.

[0040] Fig. 15B is a side view of the compression member of Fig. 15A.
[0041] Fig. 15C is a view facing the contact surface of the compression member of
Fig. 15A.
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[0042] Fig. 16 shows a schematic circuit diagram of componentry used to control a
system according to an embodiment of the present disclosure.

[0043] Fig. 17 is a flow chart showing events that may occur during operation and
control of a system according to an embodiment of the present disclosure.

[0044] Fig. 18A shows a waveform of the pumping characteristics of the system during
a let down mode, according to an embodiment of the present disclosure.

[0045] Fig. 18B shows a waveform of the pumping characteristics of the system during
a let down mode, according to an alternative embodiment of the present disclosure.
[0046] Fig. 18C shows a let down mode waveform, in which the latch pressure is
lower (latch suction is higher) than in the previous embodiments, and the maximum

suction is lower (pressure is lower) than in the previous embodiments.

[0047] Fig. 18D shows an example of a milk extraction pumping mode according to an
embodiment of the present disclosure.

[0048] Fig. 18E shows a milk extraction waveform according to another embodiment
of the present disclosure.

[0049] Fig. 18F illustrates an example of a waveform for a milk extraction mode in
which the transition from maximum suction to latch suction is stepped, according to
another embodiment of the present disclosure.

[0050] Fig. 18G illustrates an example of a milk extraction mode waveform that is
programmed to pause for a predetermined period of time, according to an embodiment
of the present disclosure.

[0051] Fig. 18H illustrates a milk expression mode waveform in which both maximum
suction levels and latch suction levels are maintained for predetermined time periods,
according to an embodiment of the present disclosure.

[0052] Fig. 19 is a perspective illustration of a system according to an embodiment of
the present disclosure.

[0053] Fig. 20A illustrates preferred compression driver positions upon first placing
the skin contact member in contact with the breast, prior to powering on the system,

according to an embodiment of the present disclosure.
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[0054] Fig. 20B shows the tubing portion fully open as the compression member is
released and compression member is moving away from anvil surface to increase
suction within the tubing, according to an embodiment of the present disclosure.

[0055] Fig. 20C shows the first compression member having sealed of the tube portion
and the second compression member increasing the pressure in the tubing to establish a
positive pressure to drive the contents (milk) out through a one-way valve, according to

an embodiment of the present disclosure.

DETAILED DESCRIPTION OF THE DISCLOSURE

[0056] 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.

[0057] Where a range 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.

[0058] Unless defined otherwise, all technical and scientific 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
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materials in connection with which the publications are cited.

[0059] 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.

[0060] The publications discussed herein are provided solely for their disclosure prior
to the filing date of the present application. The dates of publication provided may be
different from the actual publication dates which may need to be independently
confirmed.

[0061] Fig. 1 is a schematic illustration of components of a breast pump system 100
according to an embodiment of the present disclosure. System 100 includes one or
more of a skin contact member (e.g., breast flange) 10, a pumping region 30 within a
main body 34, a pressure sensor 54, tubing 32, a one-way valve 50 and a milk storage
container 60.

[0062] A controller 52 can additionally or alternatively electrically connected to
pressure sensor 54 drivers 44, 46 of the pumping region 30 via cable 51 and may be
configured to modify the operation of the compression elements 36, 38 (e.g., pinch
valve 36 and pump paddle 38) based on user input and/or input received from pressure
sensor 54 (or multiple pressure sensors) that may be placed least one location to assess
the pumping function and maintain an acceptable pumping negative pressure profile for
a wide variety of milk expression volumes. As shown, pressure sensor 54 is placed just
proximal of the skin contact member adjacent tubing 32 to measure the
pressure/vacuum level within tubing 32. Alternatively or additionally, one or more
pressure sensors could be placed in tube 32 upstream of compression driver 36, in
between the locations of compression drivers 36 and 38 and/or downstream of
compression driver 38. Further 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

10
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gas generating the pressure or flow. This arrangement that does not directly contact the
milk (interior of the tube 32) is preferred to simplify cleaning of the tube 32 and skin
contact member 10 or to make it cost feasible to provide the skin contact member 10
and/or tubing 32 as a disposable unit.

[0063] Controller 52 contains control circuitry 152 configured to control the pumping
operations of the system 100. Controller 52 may contain one or more batteries 48 (one
battery as shown in Fig. 2) to power the system 100 by supplying electrical power for
operation of the controller/control circuitry 52/152, pumping region 30 and pressure
sensor 54. Alternatively, the system could be powered by AC electricity by providing
the controller 52 with an AC power cord and AC power supply and plugging the
system 100 into an AC power source, or by 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.

[0064] A power switch 154 is provided to turn the power to the system 100 on and off.
A mode selector 156 is provided to allow the user to manually change pumping modes.
Pumping modes are described in further detail below. A speed selector 158 is provided
to allow the user to manually adjust the pumping speed, i.¢., to speed up or slow down
the current rate that the pumping region cycles to complete a pumping cycle. A
pumping force selector 160 is provided so that the user can manually adjust the force
with which the pumping stroke of each pumping cycle is applied. By increasing the
force, the compression driver 38 increases the amount of vacuum increase from low
vacuum to high vacuum experienced during a pumping cycle and, conversely, by
decreasing the force selected, the compression driver decreases the amount of vacuum
increase from low vacuum to high vacuum experienced during a pumping cycle.

[0065] Fig. 2 is a partial view of the system. Skin contact member (shown in this
embodiment as a breast flange) 10 is removably attached to the system 100 by
attachment to flange adapter 11 which may be integrally formed with tubing 32 or may
be separately formed and attached to tubing 32 to form an airtight, liquid-tight seal.
Flange 10 may be removably attached to flange adapter 11 by pressure fitting, threads,
bayonet fitting, adhesive, or other equivalent means of attachment that provides an

airtight, liquid-tight seal between the flange 10 and the flange adapter 11, and allows
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flange 10 to be readily detached from the flange adapter 11. This allows for flange 10
to be made disposable, while reducing costs compared to an arrangement in which the
flange 10 and tubing are integral and would need to be disposed as a unit. This further
allows attachment of flanges 10 of various sizes to meet individual user needs and
preferences. Flange 10, flange adapter 11 and tubing 32 may all be made of the same
materials or different materials, such as 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
arcola and nipple of the breast, and to provide the tubing with compliancy and
resiliency for establishing a desired amount of vacuum. Breast flange 10 is configured
and dimensioned to surround the nipple of the breast. The inner housing 14 of the
breast flange 10 can be rigid, semi-rigid or compliant. Preferably the breast flange 10
and inner housing 14 are 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.

[0066] An open segment 16 within the housing of breast flange 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. Open
segment 16 is typically distinct from the main body of the flange 10 as the flange 10
tapers to meet the generally non-tapered chamber of the open segment 16. In the
embodiment shown in Fig. 2, an outlet 13 is formed at or near the top of the proximal
end portion of the segment 16 when the flange 10 is attached to the breast 2. This
ensures that any air present between the breast 2 and the flange 10 is expelled initially,
prior to pumping of milk. In an alternative embodiment, outlet 13 is formed at or near
the bottom of the proximal end portion of the segment 16 when flange 10 is attached to

the breast 2. This placement of the outlet 13 facilitates pumping milk out of the flange
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10 after a breast pumping session has ended and the flange 10 has been removed from
the breast 2. Further alternatively, the outlet 13 can be formed intermediate the top and
bottom of the proximal end portion of the segment 16 when flange 10 is attached to the
breast 2. This placement facilitates some extraction of air out of the space in the flange
10, while also facilitating pumping milk out of the flange 10 when the flange has been
removed from the breast 2. Resilient tubing 32 is in fluid communication with and
extends proximally from the proximal end of flange adapter 11, and is therefore also in
fluid communication with breast flange 10 when breast flange 10 is attached to flange
adapter 11. Resilient tubing 32 may have the same inside and outside diameter
dimensions over the length thereof and the same hardness, compliance and resilience
ratings. Alternatively, different portions of the tubing may have different dimensions
and/or resiliency and/or hardness characteristics. For example, the embodiment of Fig.
2 shows the portion 32L of tubing 32 that interacts with compression element 38 has a
substantially larger inside and outside diameter than the inside diameters and outside
diameters of the portions 32S of tubing 32 upstream and downstream of portion 32L.
The larger portion has been labeled 32L and the upstream and downstream, relatively
smaller diameter portions have been labeled 32S. The relatively large volume of
tubing region 32L allows compression clement 38 to apply a longer stroke for
generating vacuum than would not otherwise be available if this portion has the same
dimensions as 32S. This allows for not only higher vacuum levels to be generated, but
also for finer control of vacuum level variations provided over the course of a pumping
stroke, and reserved vacuum capability, if needed. The relatively smaller diameters of
the tubing portions 32S help to minimize the capacity of milk that is stored in those
sections prior to being pumped out to the collection container 60. These smaller
diameters also make the tubing 32S (when made of the same material and thickness as
tubing 32L) to be somewhat less compliant than 32L, again reducing the amount of
milk contained in the tube prior to it being pumped into the collection container 60.
[0067] The conduit regions 321 and 32S do not need to be tubular or circular in cross
section. When tubular, the cross-sections may be oval square, other polyhedral shape,
non-symmetrical, or non-geometric shape. In one embodiment where tubing/conduit

regions 32L and 32S are circular in cross section, region 32L has an inside diameter of
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.375 inches and a wall thickness of .094 inches, and region 32S has an inside diameter
of .104 inches and a wall thickness of .044 inches. Tubing 32 (including portions 32S
and 32L) can have inside diameter dimensions in the range of .040 inches to 1.0 inch
and wall thickness dimensions in the range of .006 inches to .156 inches. The hardness
of the materials used to make tubing regions can be in the range of 30 to 85 Shore A
Durometer, typically in the range of 50 to 65 Shore A Durometer. However, these
values may vary, depending upon the geometry of the portions 32S and 32L. Also, the
material(s) used for the portions 32S, 32L is chosen for the ability to rebound against
the high vacuum generated by the system. If the rebound is generated in another way,
or assisted with another feature, the wall thicknesses and durometers of portions 32S
and 32L can be relatively lower. Examples of assist features include, but are not
limited to: ribbed reinforcement of portion 32L; attachment of compression members
36, 38 to portions 32S, 32L, respectively; and/or provision of one or more biasing

members such as a spring to provide or assist in providing rebound force.

[0068] Two active compression elements 36, 38 are operable to compress and allow
decompression of the resilient tube 32 at compressible regions 40 and 42, respectively.
Although the preferred embodiment uses two active compression elements as shown,
alternative embodiments could have three or more active compression elements.
Resilient tube 32 is preferably made of silicone, but could alternatively be made from
other thermoplastic elastomers exhibiting the desired performance characteristics
described herein, including, but not limited to polyurethanes and/or PEBAX. Different
regions of tube 32 may be of different materials/material properties. The regions can
all be molded of same material, overmolded, glued or otherwise attached, constructed,
etc. In at least one embodiment, the compressible regions may have different
properties from other non “active” regions — such as those non active regions being
rigid (e.g., tubing 32S upstream and/or downstream of the pumping region and/or other
non-active regions) to improve pumping efficiency by reducing energy losses due to
expansion and contraction of regions not intended to be active. The non-active regions
can be made of different materials from the active regions or otherwise reinforced. The

various regions can also be other shapes than circular in cross-section. The material(s)
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from which the compression regions 40, 42 of tube 32L are made can be the same as
that of the breast flange 10 and flange adapter 11, only differing optionally by
thickness. Further alternatively, the material(s) from which the compression regions
40, 42 arec made can differ from one another. A factor in the choice of material and
material thickness and length is the response time required to expand the compression
regions 40, 42 from a target compressed shape/state to an original, unbiased rebound
configuration (e.g., return to a full cylindrical shape in the embodiments where tube
32L is cylindrical), force required to compress to the desired target compressed shape,
radial force (pressure drop) achieved when allowing the tube 32L 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 flange 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, mechanical durability, tear resistance, shape memory,
soft/hardness, biocompatibility, non-reactivity and free of leachables, heat/cold
resistance, etc.

[0069] Examples of tubes 32 include, but are not limited to: silicone tubing, such as
used in peristaltic pumps, both platinum-cured and peroxide-cured silicone tubes.
Dimensions can range greatly in inside diameter and wall thickness, as noted above.
Walls may also range to impact properties, with preferred embodiments in the ranges
noted above. Inside diameters and wall thicknesses can be varied, as needed, with
ensuring appropriate lengths of tubing 32. Further alternatively, pumping regions 40,
42 do not need 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. Other factors
that are considered for material choice and geometry of portions 321 and 32S include
characteristics of the material for hysteresis, under the pressures (vacuum levels)
experienced during use over repeated cycles, elongation, tensile strength modulus of
clasticity and tear strength, etc.

[0070] In the embodiment of Fig. 2, compression 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
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effective to seal off the tubing 328S, but operates in concert with compression element
38 to establish sufficient suction/vacuum for extracting milk. The width of
compression element 36 is typically at least as great as the inside diameter of the tubing
328, most typically greater than or equal to the outside diameter/width of portion 328,
but could be equal or slightly less than the inside diameter or less than the outside
diameter but greater than the inside diameter, since the compressive action of the
compression clement 36 against portion 32S extends slightly past the ends of the
compression element 36. By minimizing the length 94, less force is required to seal off
the tube 32S, as compared to the force necessary to seal the tube 32S using a
compression element 36 having a greater length. Also, the relatively smaller diameter
of tube 32S compared to tube 32L allows the tube 32S to be secaled with a relatively
shorter throw of the compression element 36, thereby reducing power requirements of
the system 100, 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 32S to completely seal at 40 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 compression element 38 to establish the
desired pressure before closing, the smaller profile corresponds with less volume
change on that final seal motion. Therefore the sealing can be more precisely and
accurately controlled.

[0071] Fig. 3 shows a longitudinal-sectional view of compression element 36. The
length 94 at the proximal end of the compression element 36 is in the range of about
.25 inches to 1.0 inch, in at least one embodiment, about .75 inches, and tapers to a
length 97 of about 1/16 inch to about 3/16”, typically about 1/8 inch. The compression
element tapers nearly to a point, but not too sharp to run the risk of cutting the tube
32S. Thus, the initial contact surface of compression element 36 against tube 32S is
minimized to minimize the amount of force required to initiate collapsing of the tube

32S. Because the contact surface spans across the entire width of the tube 328, it
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pinches off the tube 328 against the anvil surface 2320, thus sealing this location in an
airtight, liquid-tight manner, so that the suction level experienced by the breast does
not change as the compression element 38 works to change the suction level in the
tubing 32 downstream of the pinch valve 36.

[0072] As shown in Fig. 2, the compression clements 36 and 38 are driven by
dedicated compression drivers 44, 46. Alternatively, compression elements 36 and 38
could be driven by a single compression driver, controlled by controller 152 to drive
cach of the compression elements 36, 38 in the manner desired. As shown, the
compression elements 36, 38 comprise pistons, but alternative features could be used to
accomplish the same function, such as lever arms, screw drives, clamps, cams, pincers,
rollers, magnets, electro-magnets, linear drives, solenoids, gears, stepper motors, or
other features, respectively. The compression surfaces of the compression elements
36, 38 may be formed as flat paddles to allow complete crushing of the tube 32 without
residual volume. Alternatively, one or both compression surfaces may be formed with
a "V-shaped" or “U-shaped” edge (such as in the embodiment shown in Fig. 3) 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 alternatively, 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 areca
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.

[0073] 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 predetermined direction along the length of the tube 32
and squeeze a 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
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movement.

[0074] Each compression element 36, 38 is operatively connected to a driver 44, 46,
respectively, for independent but coordinated driving and retraction of the compression
clements 36, 38. When eclectrically-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 elements
36, 38.

[0075] A sensor 54 is used to provide feedback to the controller 52 for controlling the
pumping cycles to achieve and/or maintain desired vacuum levels. 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 at or nearby where the tip of the nipple 3 of the breast 2 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, proximal or distal where the one-way
valve 50 is located, and can be used to monitor other features such as container 60
contents 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 compression elements 36, 38 over time, such as
positioning one or more sensors proximal or distal thereto, it is possible to
derive/calculate 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 the breast
2 and also when there is negligible air within the tube 32, after elimination by a few
cycles of the pumping mechanism.

[0076] 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
or is connected in fluid communication with another tube 32’ that can connect to a milk
collection/storage container 60. Valve 50 prevents back flow of milk into the tube 32,
as well as preventing air from entering the proximal end of the tube and thereby

maintains the suction (vacuum) level in the tube 32. Valve 50 can further be designed
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to open in the reverse direction, for safety purposes, if a predetermined maximum
vacuum level is exceed in tubing 32, such as greater than 250 mm Hg vacuum (-
250mm Hg pressure), for example. In at least one embodiment, the pressure at which
the valve 50 opens to allow flow into the milk collection container 60 is about 25mm
Hg. In an alternative embodiment, a pressure relief valve 150 can be provided in the
system 100, such as in the flange 10, adapter 11 (as optionally shown in Fig. 2), or
other location along tubing 32. The pressure relief valve 150 can be configured to
release at vacuums greater than a predetermined amount, (e.g., vacuums greater than
250mm Hg (pressures less than -250mm Hg), or some other predetermined maximum
vacuum level). The one-way valve 50 can be configured and designed such that it
allows fluid to flow through it only when the pressure in tubing 32 is positive, e.g.,
about 25mm Hg, or some other predesigned ‘“crack pressure”. The action of the
compression clements 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. As the compression elements 36, 38
compress the tube 32, the pressure in the system 100 goes up and reaches the minimum
suction level (e.g., -60mmHg, -30mm Hg, or some other predetermined minimum
suction level), at which time the compression member (pinch valve) 36 seals off
portion 32S thereby maintaining the minimum suction against the breast 2. Continued
compression of portion 32L by compression member 38 continues to increase the
pressure downstream of compression member 36, until the crack pressure is reached
(e.g., 25mm Hg or some other predetermined, positive crack pressure), that opens the
one-way valve 50. The compression elements 36, 38 continue compressing tube 32,
pumping fluid (milk) through the one-way valve 50 and into the collection container 60
until the compression element 38 reaches an end point in travel (typically before
“bottoming out” against the anvil). The end point in travel of the compression element
38 against portion 321 may be predetermined, or may be calculated on the fly by the
controller 52 using feedback from pressure sensor 54 and feedback from the driver of
the compression element 38, from which the controller 54 can calculate the relative

position of the compression element 38 over the course of its travel. The compression

19



WO 2016/014483 PCT/US2015/041271

member 36 remains closed throughout this process, as it is used to seal off the tube 32
the entire time that the compression element 38 is pumping milk out of the region 42
and into the collection container 60). As the compression elements 36, 38 reverse
direction and pull away from the tube 32, they start the cycle again.

[0077] Fig. 3 is a perspective view of a portion of system 100 according to an
embodiment of the present disclosure. This view is oriented in the manner that the
system would be oriented during use upon attachment to a breast 2, with the breast
flange 10 extending from the lower end portion of housing 34. As noted previously,
breast flange 10 is readily detachable from the flange adapter 11 (not shown in Fig. 3).
Additionally, housing lid 35 is removable from housing 34 to expose the tubing 32 and
pumping mechanism 30. Housing lid 35 may be attached to housing 34 using screws
37, snap fit, or other mechanical arrangement that allows ecasy attachment and
detachment of the lid 35 to and from the housing 34. Protective struts 43 extend from
the housing 34 and through tube 32S/valve 50 to protect the tube 32S/valve 50 from
damage that might otherwise be incurred from inadvertently contacting this portion of
the system with another object.

[0078] Fig. 5 shows an exploded view of the embodiment of Fig. 4. The tubing
assembly including small tube portions 328, large tube portion 32L and extension tube
32E that is in fluid communication with pressure sensor 54, snaps in or forms a friction
fit in channels 232 in the pumping subassembly 30. The pumping subassembly 30 is
secured in the housing 34 and covered by lid 35 using screws 37, nuts 39 and washers
41. Anvil surfaces 2320 and 2322 are formed by walls of the channel 232 against
which tube portions 32S and 32L are compressed by elements 44 and 46, respectively.

[0079] Fig. 6 is an isolated view of one side (right hand side of the subassembly 30
shown in Fig. 5) of the pumping subassembly 30, according to an embodiment of the
present disclosure. Driver 44 in this embodiment is a servo motor (Servo City HS-
645MG, RobotZone, LLC, Winfield, Kanas) mounted to the subassembly frame 1030
via motor mount 1032. The first compression member 36 that functions as the pinch
valve is driven by motor 44 via a drive train connecting the servo motor 44 to
compression member 36. In this embodiment, the drive train includes servo motor

shaft 1034, servo hub 1036, rod 1038, second servo hub 1040 and shaft 1042 that is
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received in journal bearing 1044 mounted to the frame 1030. Together 1034, 1036,
1038, 1040 and 1042 form a crank shaft that is rotated by servo motor 44 to drive the
compression member 36 toward and away from the small tubing portion 32S. The
opposite surface (back side surface, not visible in Fig. 6) forms the anvil 2232 against
which the large tubing section 32L is compressed.

[0080] Fig. 7 is an exploded view of the components shown in Fig. 6. A slot 1046 is
provided in the compression member 36 through which the rod 1038 is received, and
which allows the rod 1038 to oscillate back and forth as the compression member 36 is
driven in and out. Screws 37 or other fasteners are used to fix the motor mounts 1032
to the frame 1030 and to fix the servo motor 44 to the motor mounts 1032.

[0081] Fig. 8 is an isolated view of the other side (left hand side of the subassembly 30
shown in Fig. 5) of the pumping subassembly 30, according to an embodiment of the
present disclosure. Driver 46 in this embodiment is a servo motor (Servo City HS-
645MG, RobotZone, LLC, Winfield, Kanas) mounted to the subassembly frame 1030
via motor mount 1052. The second compression member 38 is driven by motor 46 via
a drive train connecting the servo motor 46 to compression member 38. In this
embodiment, the drive train includes servo motor shaft 1054, servo hub 1056, rod 1058
(see Fig. 9), second servo hub 1060 and shaft 1062 that is received in journal bearing
1064 mounted to the frame 1030. Together 1054, 1056, 1058, 1060 and 1062 form a
crank shaft that is rotated by servo motor 46 to drive the compression member 38
toward and away from the large tubing portion 32L. The opposite surface (back side
surface, not visible in Fig. 8) forms the anvil 2230 against which the small tubing
section 328 is compressed.

[0082] Fig. 9 is an exploded view of the components shown in Fig. 8. A slot 1066 is
provided in the compression member 38 through which the rod 1058 is received, and
which allows the rod 1058 to oscillate back and forth as the compression member 38 is
driven in and out. Screws 37 or other fasteners are used to fix the motor mounts 1052
to the frame 1030 and to fix the servo motor 46 to the motor mounts 1052.

[0083] In at least one embodiment, the servo motors 44, 46 oscillate so as to rotate the
servo hubs 1036 and 1056 and associated drive trains, respectively, between a first

rotational direction to advance the compression members 36, 38 against the tubing 32
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and a second rotational direction to retract the compression members 36, 38 away from
the tubing 32. The angles between the positions of the servo hubs 1036, 1056 at the
furthest rotation in the first direction and the furthest rotation in the second direction
corresponds to the stroke lengths of the compression members 36, 38 respectively,
from positions in which the tubing 32 is completely closed off to positions in which the
tubing is fully open, respectively. In one example, the angle for motor 44 is about 90
degrees and the angle for motor 46 is about 90 degrees. This leaves an additional
forty-five degrees on either side of the rotation in reserve, that can be used, if needed,
by the controller to achieve the correct pressures on each cycle. These angles can, of
course, vary, depending upon design factors such as tubing diameters and resulting
stroke lengths of the compression members 36, 38. A potentiometer 1076, 1078 can be
electrically connected to motors 44, 46 or a portion of drive trains thereof (e.g., see
Figs. 6 and 8), respectively, and to the controller 52 to provide feedback as to the
positions of the motors 44, 46 and or servo hubs, which in turn can be used to calculate
the positions of the compression members 36, 38. Reduction gears are provided to
reduce the speed of the respective gear train relative to the speed of the motor 44, 46.
In one embodiment the reduction is about 1:200, but this will vary depending upon the
performance and size of the motors used. In another embodiment the reduction is
about 1:600 for motors that perform at about 6000 rpm. In general, the reduce speed of
the drive train will be in a range of about 30 to 120 rpm, or in a range of about 40 to
100 rpm, typically about 60 rpm. Alternatively, the servo motors 44,46 could rotate in
a single direction to accomplish movements of the compression members 36, 38
toward and away from the tubing, but this requires further movements of parts and thus
more energy to accomplish the same functions, compared to embodiments in which the
servo motors 44,46 oscillate.

[0084] Fig. 10 illustrates how the two sides of the subassembly 30 can be assembled
and fixed together using screws or studs 37 place through screw hole mounts 1070 and
into receiving mounts 1072. Receiving mounts 1072 may be threaded to mate with
threads on studs 37 or screws or bolts 37 may pass through receiving mounts 1072 and
fixed by nuts tightened to the back sides of the receiving mounts 1072.

[0085] Fig. 11 illustrates the assembled subassembly 30 in which the compression
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element 38 is driven by motor 46 (to the right in Fig. 11) against tubing portion 32L to
compress tubing portion 321 against anvil 2322, and compression element 36 is driven
by motor 44(to the left in Fig. 11) against tubing portion 32S to compress tubing
portion 32S against anvil 2320. The positions, speeds and relative positions of
compression members 36, 38 are all controlled by controlling motors 44, 46 through
controller 52.

[0086] Fig. 12 shows an isolated view of the tubing assembly 32. The design
characteristics of tubing portion 32L and the tubing portion 32S between portion 32L
and flange adapter 11 are more critical than the tubing portions 32E and the portion
328 extending between 32L and one way valve 50, because the former portions are the
portions that are to be compressed (and which need to expand when compression is
released) by compression members 36, 38. The less critical tubing is generally selected
to be relatively small in inside diameter, so as to reduce the total volume of milk
contained in the overall tubing system 32. For power efficiency of the compression
member 36, the tube 32S between 32L and 11 is designed to have a relatively small
diameter (to reduce the stroke of the compression member 36) and to be compliant so
as to be casily compressed. By keeping the stroke as short as possible and the force
needed to compress the tube 32S as low as possible, this minimizes the energy
expenditure required by the system 100 to operate the compression member 36. A
limiting constraint regarding the compliance of the tubing 328 that is to be compressed
by the compression member 36, is that it should not collapse when it is not being
compressed by the compression member 36, that is, it needs to be able to withstand the
internal vacuum within the tube without collapsing upon itself. In at least one
embodiment, the tube 32S at region 40 can withstand vacuums up to about 300mm Hg
(-300mm Hg pressure) when the system is designed to operate between 60mm Hg and
200mm Hg vacuum. It would be apparent to one of ordinary skill in the art that these
design parameters could be changed in different embodiments without departing from
the principles of the present disclosure. As the vacuum increases within the tube 328,
this reduces the overall force that needs to be applied by the compression member 36 to
close or pinch off the tube 32S. Accordingly, tube 32 should not be designed to have a

collapse strength that is much greater than the maximum operating vacuum, as the
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closer the collapse strength is to the maximum operating suction, the less will be the
power consumption to generate the force needed to close off the tube 32S. Of course, a
margin needs to be provided between the planned maximum operating suction and the
collapse strength, to ensure that the tubing 32S does not collapse when it should remain
open. Currently, the preferred suction margin is in the range of about 50mm Hg to
about 80mm Hg. The lower the margin, the less ability the tubing will have to rebound
in a timely matter after removal of the compression member, whereas the higher the
margin, the more energy will be required to compress the tubing. In at least one
embodiment, the margin can be as low as zero mmHg, and still have a sufficiently
responsive device. Considering zero margin opens the potential to use the tubing
32L/32S as a safety element, preventing unwanted vacuum beyond the specified
maximum suction level. The re-expansion of tube 32S occurs upon retraction of the
compression member 36 under the resilient forces of the tube 32S. Assisting this re-
expansion are the milk flowing into the tube 32S as it opens, as well as any air that may
enter, as well as the compliance of the breast 2.  Further assistance in re-expansion
may be provided by one or more biasing members, such as springs, ribs, or the like.
Also, the compression member 38 and /or 36 may be connected to portion 32L or 328,
respectively.

[0087] The length of the tubing portion 32S between portion 32L and adapter 11
should be as short as possible while still allowing the compression member to perform
the function of sealing off (e.g., pinching off) the tube 32S. The compressible length
between the adapters that connect portion 32S to 11 and 32L should be as short as
possible, typically about 3/8”. In at least one embodiment, this length including the
portions of the tubing portion 328 that connect over the adapters is about 1.5”, but this
overall length can be reduced by decreasing the length of the adapters. The length of
tubing portion 32L is designed so as to accommodate a volume sufficient for the
compression member 38 to compress tubing portion 32L between the maximum and
minimum (latch) operating suctions. In at least one embodiment, the volume contained
in tubing portion 32L should be about twenty to twenty-five percent of the entire
volume of the tubing 32, but could be anywhere in the range of from about five percent

to about fifty percent. In one specific example, the total volume of the tubing was
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about 20 ml and the volume contained in tubing portion 32L was about 4 ml. In
another specific example, the total volume of the tubing was 2Iml and the volume
contained in 32L was 5.25ml. The compression member 36 displaces only a small
percentage of the volume displaced by the compression member 38. Preferably, the
compression member 36 displaces only about one to two percent of the total volume
displaced by compression member 38, but this percentage may range up to about five
percent, depending upon the control parameters used and geometry of the conduit 32
and overall system 100.By replacing the connectors/adapters 1232 with more compact
adapters or joining the tubing portions using a molding process, the overall volume
capacity of the tubing and consequently the volume capacity of tube portion 32L can
be reduced. Reduction to an overall volume of about 12-15 ml and consequently a
volume capacity of 32L of about 2.4ml to about 3 ml is possible by making the changes
described. In the embodiment shown in Fig. 12, the use of the rigid connectors 1232
requires that they extend into the tube 32L and thus require a relatively longer tube 321
to accommodate 4 ml of volume that can be resiliently driven by the compression
member 38. The length of 321 in the embodiment of Fig. 12 is about 5.5 inches. By
modifying the connectors in a manner as described above, the length of 32L can be
reduced to about 2.7 inches, for a 3/8” inside diameter tube 32L. By changing the
inside diameter of the tube 32L used, the length can be further modified, to be made
shorter or longer and achieve the same volume capacity. Also, the cross-sectional
shape can be altered and/or varied in size over the length of the tube 32L. Like the
tubing portion 32S described above, tube 32L is designed to minimize the amount of
force needed to be applied by compression member 38 to collapse the tube 32L, but
has strength sufficient to withstand maximum operation suction. The collapse pressure
can be the same as in the tubing portion 32S adjacent compression member 36,
typically about -300mm Hg, or in the range of about -250mm Hg to -320mm Hg.
[0088] Extension tube 32E is in fluid communication with pressure sensor 54, e.g., see
Fig. 11. The pressure sensor is in fluid communication with tubing 32. By providing a
loop in the extension tube 32E and trapping an air bubble 1234 in the loop, the pressure
sensor 54 should not come into direct contact with the milk. Alternatively, pressure

sensor 54 may be of a type that is not in fluid communication with the tubing 32, such
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as a pressure sensor 54 of a type described in co-pending provisional application serial
no. 62/027,685, filed 07/22/2014, which is hereby incorporated herein, in its entirety,
by reference thereto.

[0089] Fig. 13 is an isolated view of flange adapter 11. Flange adapter 11 includes an
inlet 1302 configured and dimensioned to releasably attach to a breast flange 10 and
form an airtight, liquid-tight seal therewith. Outlet 13 has already been described with
regard to Fig. 2. As the outlet 13 is at or near the top of the adapter 11 when system
100 is attached to the breast 2, substantially all of the air in breast flange 10 and
adapter 11 is pumped out before milk is pumped out, which greatly increases the
efficiency of the pumping action when milk is eventually pumped through the tubing
32, as the tubing will contain essentially no air. Milk, being a liquid and thus non-
compressible is then efficiently pumped without losses in the pumping strokes that
would otherwise occur due to compression and re-expansion of air if air is in the
system. Also, because the milk is pumped upwardly through the tubing, against
gravity, any air present will tend to migrate up to the valve 50 where it is expelled from
the system. Adapter 11 may be formed of the same materials as tubing 32 and breast
flange 10, as described above, or of different materials. Ridge extensions 1304 are
formed to extend from the proximal surface of proximal wall 1306 to reinforce
proximal wall 1306 against excessive flexing as pressure changes are applied within
the tubing 32.

[0090] The tubing assembly 32 may be provided to be washable and reusable.
Alternatively, one or more components of the tubing assembly 32 may be produced as
disposable components. In any case, the tubing assembly 32 can be easily replaced, as
it is made to be removable, even when considered to be reusable, for cleaning.

[0091] Fig. 14A is a perspective view of compression member 38. Fig. 14B is a side
view of compression member 38, and Fig. 14C is an end view of compression member
38. The contact surface 38E that contacts the tube portion 32L to compress the tube
portion 32L is convex in the transverse direction 1404 (normal to the longitudinal axis
1402) as best seen in Fig. 14C, and is not curved in the longitudinal direction, as can be
observed in Figs. 14A-14B. The width 1406 of contact surface 38E is typically at least

as great as the outside diameter of the tubing portion 32L. In one example, the tube
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portion 32L had an outside diameter of 9/16” and contact surface 38E had a width 1406
of %7, but could be modified to be smaller or larger as long as it can sufficiently
withstand the forces applied to it by compression member 38. In the embodiment
shown, the radius of curvature of the convexity in the transverse direction is the same
as the inside radius of the tube, e.g., 3/16”, but could be a radius of curvature within a
range of about .0625” to about .375”. The length 1408 of contact surface 38E will vary
depending upon the dimensions of the tube portion 32L that is to be compressed. In
the embodiment shown, the length 1408 is 2.7 inches, but can vary within a range of
from about .135 inches to about 5.4 inches. The end portions 1410 between the contact
surface 38E and the end surfaces 1412 of contact member 38E are radiused to prevent
damage to the tube portion 32L during compression thereof. The anvil surface 2322
against which the compression member 38 compresses the tube portion 32L is typically
a flat surface, but can alternatively be made concave to match the radius of curvature of
surface 38E or with a greater radius of curvature than that of surface 38E. The shapes
of the surfaces 38E and 2322 are optimized for the most energy efficient design for
providing a predetermined volume pumping capability per stroke. The anvil surface
2322 may be further contoured to facilitate stabilization of tube portion 32L against
side-to-side movements to ensure accurate registration and contact of the contact
surface 38E against the tube 32L during initial contact of the surface 38E against the
tube 32L and throughout the stroke.

[0092] Fig. 15A is a perspective view of compression member 36. Fig. 15B is a side
view of compression member 36, and Fig. 15C is a view facing the contact surface 36E
of compression member 36. The contact surface 36E that contacts the tube portion 328
to compress the tube portion 328 is convex at the tip 36T and tapers along peripheral
contact surfaces 36P to the full length 1502 of the compression member 36. The
peripheral contact surfaces 36P may be flat (planar) as illustrated in Figs. 15A-15C or,
alternatively, could be convex. Tip 36T is convex when traveling along lines on the
surface of the tip 36T that are aligned with the longitudinal axis, and is not curved in
the width direction 1504, as can be observed in Fig. 15A. The width 1508 of contact
surface 36E is typically at least as great as the inside diameter of the tubing portion 328

that it compresses, but may be slightly less, or greater. In one example, the tube
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portion 328 had an outside diameter of .192” and contact surface 36E had a width 1508
of .240”. In the embodiment shown, the radius of curvature of the convexity of 36T in
the transverse direction is .0625” (1/16”), but could be a radius of curvature within a
range of about 1/32”’to about 4”. The length 1502 of contact surface 36E is minimized
to reduce the energy required to seal off (e.g., pinch closed) the tube portion 32S. In
the embodiment shown, the length 1502 is .75”, but can vary within a range of from
about .25” to about 1.0”. The tip 36T further minimizes the length so as to imitate the
compression of the tube 328 with as little force as possible. In the embodiment shown,
the length 1510 of tip 36T is 1/8”, but this length can vary within a range of from about
1/16” to about 3/16”. The anvil surface 2320 against which the compression member
36 compresses the tube portion 32S is typically a flat surface, but can alternatively be
made concave to match the radius of curvature of surface 36T or with a greater radius
of curvature than that of surface 36T, or with a radius of curvature equal to or greater
than the radius of curvature of 36T that tapers to follow the contours of surfaces 36P.
The shapes of the surfaces 36E, 36P and 2320 are optimized for the most energy
efficient design for providing the sealing function of the compression member (e.g.,
pinch valve). As such, the amount of volume displaced by compression member 36 is
minimized to minimize the energy requirements for compressing tube 32S. The
smaller the contact surface of tip 36T is, the less will be the energy requirement to
initiate buckling of the tube 32S during compression. At the same time, the tip should
not be designed too sharp, such as in the form or a knife edge or other tip that
converges substantially to a line, as this runs a great risk of cutting or other damage to
the tube 32S during repeated compression strokes. As a result, the shape of tip 36T has
been found to be an optimum compromise of these competing design constraints. The
anvil surface 2320 may be further contoured to facilitate stabilization of tube portion
328 against side-to-side movements to ensure accurate registration and contact of the
contact surface 36E against the tube 32S during initial contact of the surface 36E
against the tube 32S and throughout the stroke.

[0093] Fig. 16 shows a schematic circuit diagram of componentry used to control
system 100 according to an embodiment of the present disclosure. Controller 52

includes a microcontroller board 1602 (e.g., Arduino Mega 2560, or other
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microcontroller board of comparable functionality). A microcontroller processor 1604
is provided on board 1602 to process the control functions for reading pressure (and/or
any other function being sensed, such as flow, or other function) and controlling the
functions of the motors 44, 46, as well as monitoring speed, direction and positions of
the motors 44,46 and compression members 36, 38. A variable resistor/potentiometer
1606 is provided for user input to adjust the maximum vacuum achieved during a cycle
of a pumping profile. The user adjusts the potentiometer 1606 using pumping force
selector 160. A second variable resistor/potentiometer 1608 is provided for user input
to control the speed of the pumping, i.c., to adjust the period of the pumping cycle.
The user adjusts potentiometer 1608 using speed selector 158. A mode select switch is
provided for selection of different modes/profiles of pumping performance by the
system 100. Different profiles/modes can be selected by the user by operating the
mode selector 156 to select one of the modes provided in the mode select switch 1610.
The power switch 1612 is turned on and off by operation of power switch 154 by the
user to connect or disconnect the battery 48 to or from the circuits.

[0094] Fig. 17 is a flow chart 1700 showing events that may occur during operation
and control of system 100. To operate the system, the power switch 154 is operated at
event 1702 to close the switch 1612 and supply electrical power to the system 100.
Upon receiving electrical power, the processor 1602 powers up and initializes at event
1704. Once initialized the processor 1602 can begin processing. The processor in this
embodiment functions as a state machine and the state machine processing loop begins
at event 1706. User inputs (from controls 156, 158, 160) are monitored at event 1706.
If the user has operated the selector 160 to change the maximum vacuum achieved per
cycle, then processor 1602 updates the maximum vacuum pressure at event 1708 to be
achieved in pumping cycles going forward. If the selector 160 has not been changed,
then the maximum vacuum pressure remains at the current level stored by the state
machine. If the user has operated the selector 158 to change the speed (cycle period) of
pumping, then processor 1602 updates the cycle period (cycle time) at event 1710. If
the selector 158 has not been changed, then the cycle time remains at the current cycle
time stored by the state machine.

[0095] At event 1712, the processor 1602 executes the mode of pumping operation
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currently selected by the mode selector 156. If the mode selector 156 is in the off
position (State 1), then no pumping or operation of the motors 44,46 is performed in
this iteration of the loop and processing continues from event 1714 to 1716 and
performs another iteration of the loop starting again at event 1706. If the mode selector
156 is in the let down mode position (State 2), the let down profile is performed at
event 1718. This mode is typically selected at the initiation of a milk extraction
session. The processing and functioning of the system continues in the let down mode
until such time as the user changes the mode using mode selector 156, or until the
system is powered off. If the mode selector 156 is changed to select another pumping
mode, the processor at event 1712 receives input regarding the change in mode selector
at event 1712 and commences performing the selected mode/pumping profile (e.g.,
State 3 or State 4, as shown in Fig. 17 at events 1720 and 1722, respectively).

[0096] An interrupt service routine 1722 is called at predetermined time intervals (e.g.,
every Ims for the embodiment shown in Fig. 17, but could vary with different
embodiments) to receive pressure reading data from pressure sensor 54. In one
embodiment, the pressure reading is received in real time every 1ms and stored in an
array where the readings used by the processor 1604 to calculate average pressure
readings. Pressure reading values (and/or average pressure values) are written out from
the system at periodic intervals of a second predetermined time duration. In the
example shown, pressure readings are written out every 2ms, although this interval
may vary for different embodiments. The data can be written out to an external device,
such as a smartphone, laptop, pad, or other computer device using the USB port 1614,
for example, or transmitted wirelessly, or outputted using other available output
technology. At time intervals of a third predetermined time duration, the processor
1704 receives signals regarding motor positions from the state machine processing loop
and stores this data relative to the other time data, such as pressure and, optionally,
flow data. In the example shown in Fig. 17, the third predetermined time
interval/duration is 10ms, but this period can also vary with different embodiments.

[0097] Once the controller is powered on at event 1704 is starts the interrupt service
routines and sets pin modes on the controller board 1602. When the control board is

powered, it runs through a “Set-Up” portion of the code. This is where the interrupt
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service routine (ISR) is initialized, variables are initialized and input/output pins are
defined. The setting of pin modes includes setting pin definitions for analog inputs
(pressure sensor, control knobs of the controller 52) and digital inputs (mode switch).
A cycle timer is reset to keep track of the current session and the user updates the
inputs to make any changes to maximum vacuum pressure and cycle speed that may be
desired, as well as to select the mode to begin processing with, which is typically, but
not necessarily, the let down mode. The state machine loop is cycled at processor
speed until the user decides to power off the system 100. The pumping function can be
stopped without shutting off the system by selecting State 1.

[0098] Figs. 18A-18H illustrate pumping pressures over time for various exemplary
pumping modes. It is noted that the present disclosure is not limited to the pumping
modes shown, as any other pumping mode can be programmed into the controller 52 to
produce any customized pumping waveform desired, within the pumping limits of the
system 100. Fig. 18 A shows a waveform of the pumping characteristics of the system
100 during a let down mode 1802, according to an embodiment of the present
disclosure. The frequency of a let down mode is about 60 to about 150 cycles per
minute, typically in a range of about 90 to 120 cycles per minute. The vacuum in the
tubing is cycled between a predetermined “latch” vacuum (in the example shown, -
60mm Hg, although this may vary) and a maximum suction/vacuum (in the example
shown, -200mm hg, although this may vary). The frequency of the cycling is typically
significantly higher (faster) than the frequency of a milk extraction mode. A milk
extraction mode (also referred to as milk expression mode) has a typical frequency in
the range of about 30 to about 90 cycles per minute. It is further noted that in regard to
this mode, as well as all other modes and waveforms performed by the system 100, the
frequency can be manually varied by adjustment of selector 160. Likewise, the
maximum suction can be manually varied by adjustment of selector 158.

[0099] Fig. 18B shows a waveform of the pumping characteristics of the system 100
during a let down mode 1804, according to an alternative embodiment of the present
disclosure. The vacuum in the tubing is cycled between a predetermined “latch”
vacuum (in the example shown, -60mm Hg, although this may vary) and a maximum

suction/vacuum (in the example shown, -200mm hg, although this may vary). Upon
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achieving the maximum suction, the maximum suction is maintained for a
predetermined time before again ramping back up to the latch pressure, during each
cycle. In this embodiment, the predetermined time during which the maximum suction
is maintained for each cycle is about 50% of the period of the cycle, but can be within a
range of 25-75% of the period. Of course the predetermined time period can be varied
to provide other embodiments of let down cycles.

[00100] Fig. 18C shows a let down mode waveform 1806, in which the latch pressure is
lower (latch suction is higher) than in the previous embodiments, and the maximum
suction is lower (pressure is lower) than in the previous embodiments. In this example,
the latch pressure is -90mm Hg and the maximum suction is -180mm Hg. Again, Fig.
18C is for exemplary purposes only as the latch suction and maximum suction values
can be programmed for many other different values.

[00101] Fig. 18D shows an example of a milk extraction pumping mode 1808, which is
typically selected upon achieving let down, but can be selected at any time using the
mode selector 156. It is notable that the milk extraction mode 1808 has a longer cycle
time than the let down modes described above. Of course, other cycle times can be
programmed for various other milk extraction and let down modes. Also notable is
that upon achieving maximum suction, the maximum suction level is maintained for a
predetermined time period 1810 with each cycle. In the example shown in Fig. 18D,
the predetermined time period 1810 is about 50% of the period of the cycle, but can be
within a range of 25-75% of the period. Further, the disclosure is not limited to these
time periods, as shorter or longer time durations could be used. In at least one
embodiment, the predetermined time period was about 10ms, but may range, for
example from about 5Sms to about 25ms.

[00102] Fig. 18E shows another embodiment of a milk extraction waveform 1812
illustrating further customization that may be provided in the pumping characteristics
of the system 100. In addition to the holding of the maximum suction for a
predetermined time 1810, this mode also holds the latch suction for a predetermined
time 1814 for each cycle. As shown, the predetermined time period 1814 is less than
the predetermined time period 1810, but it could alternatively, be greater than or equal

to 1810. Also in this embodiment, the ramp 1816 down from the maximum suction
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level to the latch suction level is not linear, as in the previous embodiments. This
phase could follow a parabolic curve, hyperbolic curve or other nonlinear ramp curve.
Further alternatively, the transition from maximum suction to latch suction could be
stepped, with the pressure being maintained at one or more intermediate suction levels
for one or more predetermined periods of time, with the curve between steps being
linear or nonlinear, or with at least one ramp between steps being linear and at least one
other ramp between steps being nonlinear. Although the transition from latch suction
to maximum suction is shown in Fig. 18E as being linear, any of the modifications
described above could be applied to this portion of the cycle.

[00103] Fig. 18F illustrates an example of a waveform for a milk extraction mode in
which the transition from maximum suction to latch suction is stepped, wherein step
1820 is at a suction level intermediate of the maximum suction level and the latch
suction level and is maintained for a predetermined period of time before further
reducing the suction (increasing the pressure) to the latch suction level.

[00104] Fig. 18G illustrates an example of a milk extraction mode waveform 1822 that
is programmed to pause for a predetermined period of time (pause time 1824) at the
latch suction level after a predetermined number of cycles or a predetermined time
performing pumping cycles has elapsed. The pause time 1824 is typically much
greater than time 1814 and time 1810, and is measure in seconds. For example, pause
time could be from one second to several minutes, typically in a range of about thirty
seconds to two minutes, typically about one to two minutes, although any time found to
be beneficial could be programmed. The pause time allows the breast 2 to recover,
while still maintaining attached and sealing of the breast flange 10 to the breast and
maintaining vacuum in the tubing 32. The pause time may allow a time period for
further let down of milk in the breast, resulting in overall higher milk expression over
the same time period, compared to if the system remained pumping without any pause
time. Additionally manual, self-expression can be performed during the pause time, to
assist in milk removal.

[00105] Fig. 18H illustrates another example of a milk expression mode waveform in
which both maximum suction levels and latch suction levels are maintained for

predetermined time periods 1810, 1814 in each cycle. Time period 1814 may be less
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than, equal to or greater than time period 1810.

[00106] The compression member (e.g., pinch valve) 36 functions to lock the suction
level experienced by the breast, in the vacuum chamber established within the breast
flange 10 and tubing 10 distal of the compression member 36. In an exemplary user
scenario, breast flange 10 is fitted over the nipple 3 of the breast 2 and held in place
while the system is powered on using power switch 154, as illustrated in Fig. 19. Upon
selection of a pumping mode using mode selector 156, the system 100 begins to
evacuate the tubing 32 to establish suction sufficient to seal (latch) the breast flange 10
to the breast 2, after which the breast flange 10 no longer needs to be manually held in
place, as the vacuum is sufficient to maintain attachment of the system 100 to the
breast 2. The main body of the system 34,35 may be supported by a bra, or an
immovable surface such as a table top, desk top, etc., or can be maintained in
attachment with the breast via the vacuum, without any additional support. The
controller 52 is typically maintained on a separate support surface, such as a table, but
could be integrated within the main body 34, 35 of the system 100. The milk
collection container 60 in the embodiment shown in Fig. 19 is typically externally
supported by a table or other support, but could, alternatively, be mounted to and
supported by the main body 34, 35.

[00107] Fig. 20A illustrates the preferred compression driver 36,38 positions upon first
placing the skin contact member 10 in contact with the breast 2, prior to powering on
the system. Both drivers 36, 38 are in the completely compressed positions, closing off
the tubing 328, 32L in regions 40 and 42, respectively.

[00108] Upon powering up the system and selecting a latch mode, the compression
member 36 opens as illustrated in Fig. 19B and the compression member 38 begins to
withdraw away from anvil surface 2232 which gradually increases the suction level
within tubing 32. When the predetermined maximum suction level is achieved (as
confirmed by pressure readings taken from pressure sensor 54), the compression
member 38 ceases its travel in the current direction, and either maintains that position
for a predetermined period of time (or moves slightly in the same direction to
compensate for decreasing suction as milk enters the system) when the mode has a

predetermined time 1810 to maintain maximum suction, or reverses direction and
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compresses the tube 321 until the latch suction level is achieved. If the maximum
suction level has not yet been achieved by the time that the compression member is
fully retracted away from the anvil surface 2232 on the first stroke, then the
compression member 36 again compresses the tube 328 to seal off the current vacuum
level in the environment of the breast, and the compression member 38 fully
compresses the tube portion 32L to squeeze more air out of the system (out through
one-way valve 50). Then the compression member 36 reopens to fully open tube
portion 32S and compression member carries out another stroke, again moving away
from the anvil surface 2232 to generate a greater suction level. This cycling continues
until the maximum suction level is achieved. It is noted that it is possible in some
cases to achieve the maximum suction level on the first stroke, whereas in other cases,
multiple strokes may be required.

[00109] Fig. 20B shows the tubing portion 32S fully open as the compression member
36 is released and compression member 38 is moving away from anvil surface 2232 to
increase suction within the tubing 32. Upon achieving the maximum suction, the
system may be designed and programmed so that the compression member 38 does not
travel to its fullest possible extent in either direction to achieve the maximum and latch
suction levels, so as to allow some reserve suction and pressure producing capability.
When the maximum suction level has been achieved, and the pumping profile is
programmed to return to latch pressure, the compression member 38 advances toward
the anvil surface 2232, compressing tubing portion 32L, thereby raising the pressure in
the tubing 32. Upon achievement of the latch suction pressure, compression member
36 closes off the tubing 32S again to ensure that the latch pressure is maintained
against the breast 2, so that sufficient suction is maintained. At this stage, the
compression member 38 again begins moving away from the anvil surface 2232 to
increase the suction level back to maximum suction, and compression member 36
opens (moves away from anvil surface 2230) to allow tube 32S to open and the breast
2 to be exposed to the maximum suction. Alternatively, the system may be
programmed so that the compression member 38 cycles between maximum and latch
suction levels without the compression member 36 closing during a point in each cycle,

with the compression member 36 closing only when the latch pressure is exceeded.
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[00110] Upon selection of a milk extraction mode, the compression member 36 and
compression member 38 function in the same manners as in the latch mode, but in a
manner that follows an extraction waveform determined by the selected extraction
mode. During the compression stroke of compression member 38, compression
member 36 closes when the latch pressure/suction level is achieved. Continued
compression by the compression member 38 (Fig. 20C) increases the pressure in the
tubing 32 downstream of the compression member 36 to establish a positive pressure to
drive the contents (milk) of tube portion 32L out of the tube portion 32L through
smaller tubing portion 32S downstream of 32L and out through one-way valve 50. The
positive pressure attained is sufficient to open the one-way valve for delivery of the
milk out of the tubing 32 and into the milk collection container 60. In one
embodiment, the positive pressure is in the range of 20mm Hg to 40mm Hg, typically
about 25mm Hg. Upon reversing the motion of compression member 38, compression
member 36 opens when the suction level returns to the latch suction level and
compression member 38 continues to open to increase the suction level to the
maximum suction level.

[00111] The system 100 is responsive to pressure changes within the tubing 32 caused
by entry of milk into the tubing. As milk enters the system, the suction level decreases
(pressure increases). The feedback provided by pressure monitoring via pressure
sensor 54 provide input to a feedback loop that adjusts the position of the compression
member 38 to maintain the desired vacuum (pressure) within the tubing by
compensating for the changes in pressure that occur to changing amounts of milk in the
tubing 32. For example, for a relatively larger amount of milk in the tubing, this will
require a relatively shorter stroke of the compression member 38 toward anvil surface
2232 to achieve the latch pressure. This modification can be addressed by either
slowing the movements of the compression member 38 to achieve the same timing
cycle for pumping, or increasing the cycle frequency due to the less time taken for the
shorter strokes of the compression member 38.

[00112] 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

36



WO 2016/014483 PCT/US2015/041271

true spirit and scope of the disclosure. In addition, many modifications may be made
to adapt a particular situation, material, composition of matter, process, process step or
steps, to the objective, spirit and scope of the present disclosure. All such
modifications are intended to be within the scope of the present disclosure as described

herein.
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CLAIMS

That which is claimed is:

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

pumping milk expressed from the breast through a conduit;

wherein the conduit has a first portion and a second portion, the first portion having a

first compliance which is different than a second compliance of the second portion.

2. The method of any preceding claim, further comprising maintaining suction on the

breast throughout a pumping session.

3. The method of any preceding claim, wherein the first compliance and the second

compliance of the conduit provide the system with desired pumping profiles.

4. The method of any preceding claim, wherein the suction applied to the breast for
expression of the milk comprises a first suction level, and wherein, during expulsing, a second
suction level is maintained against the breast, the second suction level being lower than the

first suction level.

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

to extract milk from the breast.

6. The method of any preceding claim, wherein a plurality of pumping waveforms are

provided.

7. The method of any preceding claim, wherein the first portion of the conduit has a

first hardness which differs from a second hardness of the second portion of the conduit.
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8. The method of any preceding claim, wherein the first portion has a first outer

diameter which differs than a second outer diameter of the second portion.

9. The method of any preceding claim, wherein the first portion of the conduit has a
first inner diameter which differs than a second inner diameter of the second portion of the

conduit.

10. The method of any preceding claim, further comprising providing a controller, the

controller controlling operational settings of the breast pump system.

11. An automated system for controlling pumping cycles to pump milk from a breast,
the system comprising:

a breast adapter configured and dimensioned to form a seal with the breast;

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

a conduit in fluid communication and interconnecting with the adapter and the storage
container;

wherein the conduit includes a first portion having a first compliance and a second

portion having a second compliance different than the first compliance.

12. The system of any previous claim, further comprising a driving mechanism

configured to compress a region of the conduit.

13. The system of any previous claim, wherein at least a latch suction is maintained

throughout a pumping session.

14. The system of any previous claim, further comprising a controller configured to

control operational settings of the system.

15. The system of any previous claim, wherein the suction applied to the breast for

expression of the milk comprises a first suction level, and wherein, during expulsing, a second
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suction level is maintained against the breast, the second suction level being lower than the

first suction level.

16. The system of any preceding claim, wherein the first portion of the conduit has a

first hardness which differs than a second hardness of the second portion.

17. The system of any preceding claim, wherein the first portion of the conduit has a

first outer diameter which differs than a second outer diameter of the second portion.

18. The system of any preceding claim, wherein the driving mechanism comprises a

roller paddle configured to roll against the conduit.

19. The system of any preceding claim, further comprising a flange adapter, wherein

the flange adapter is removable from the system.

20. The system of any preceding claim, further comprising a pressure sensor

configured to sense pressure between the breast and the breast adapter.

21. The system of any preceding claim, wherein the conduit is reinforced with ribs.

21. The system of any preceding claim, wherein a controller adaptively controls

movements with input from a feedback loop established with a pressure sensor.

22. The system of any preceding claim, wherein the system provides a plurality of

pumping waveform patterns.
23. The system of any preceding claim, further including a sensor, the sensor sensing

one or more of flow, temperature, proximity, motion or other sensor capable of providing

information usable to monitor the safety or function of a pump mechanism of system.
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24. The system of any preceding claim, wherein a sensor can be positioned one or

more of at the breast, proximal or distal to pumping structure, or proximal or distal to a valve.
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