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A Method for Regulating the Operation of a Milk Pump

The present invention relates to a method for regulating the operation of a milk pump by applying
a vacuum by means of a vacuum source operatively coupled with a control for controlling the

operation of the vacuum source.

The present invention in particular relates to such method in a breast pump for drawing breastmilk,

in particularly to a motorized, such as and electrically driven breast pump.

Breast pumps for use by nursing mothers are well known. They allow nursing women to express
the breastmilk as necessary or convenient, and further provide collection of the breastmilk for later
use. For some mothers, breast pumps may be a necessity, such as when the child has suckling
problems, or if the mother has problems with excessive or deficient milk production, or soreness,

deformation or injury of the mammilla.

Manual breast pumps are commonplace, primarily because they are relatively inexpensive and
easy to transport. Being manually driven, however, stroke rate and suction pressure produced can
be uneven, and operating the pump can ultimately be tiring. Electrically driven breast pumps are
also commonplace. They may be of a substantially large size of a non-portable or semi-portable
type, typically including a vacuum pump which has an electric motor that plugs into standard house

current.

Advantages of this type of pump are ready controllability and regulation of the vacuum, and the
ability to pump both breasts at once. That is, the nursing woman has both hands free to hold two
breast pump shields in place for pumping of both breasts at the same time. Battery-driven breast
pumps have also been developed. These breast pumps have the advantages of controllability and
regulation of the vacuum, as well as being easily carried. Such a battery-driven portable breast
pump is described in U.S. 4,964,851, for example. This breast pump, sold under the name MINI-
ELECTRIC by Medela, Inc., is lightweight and achieves good vacuum (i.e., negative pressure)

regulation in preferred limits, for example, between about 30 and about 300 mmHg.

The LACTINA breast pump sold by Medela, Inc. is also another type of breast pump which may
be driven by battery as well as house current. It is generally disclosed in U.S. Patent
No. 5,007,899.
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Electrically driven motorized breast pumps have almost universally been developed with a single
type of "cycle" for a given pump. That is, the driving mechanism for generating the vacuum (neg-
ative pressure) to be applied at the breast in the more sophisticated pumps is geared to a particular
sequence, or curve, of negative pressure increase (i.e., increasing suction), and then release. This
is often aimed at reproducing in some sense the suckling action of an infant, for instance. Breast
pumping can cover a range of different conditions, however, such as where the mother's nipples
are sore for some reason, there is a state of significant engorgement, some nipple stimulation may
be particularly desired, ejection and relaxation may be of particular interest, it may be desired to
increase milk production, and so on. To cope with this requirement, WO 2003/082378 A1 dis-
closes a breast pump programmed to generate, among other things, a plurality of differing milk

expression sequences, or curves.

WO 2010/096547 A1 disclosed control of an electrically driven motorized breast pump, which

mimics a newbormn’s suction pattern.

Generally, electrically driven motorized breast pumps are controlled to provide at least two differ-
ent suction patterns. At the beginning of the cycle, fast vacuum cycle frequencies of usually more
than 100 cycles per minute are applied to elicit milk ejection, i.e. trigger first milk flow. Apart from
this milk let down program, the controller of the breast pump is adapted to apply slower vacuum
cycle frequencies resulting in longer vacuum cycles for extracting milk from the breast after once
milk ejection, i.e. milk flows occurs. WO 2003/082378 A1 for example discloses a vacuum range
of between 100 and 250 mmHg and a frequency of 47 through 78 per minute as operational pa-
rameters in the main pump program while the milk let down program or stimulation program ap-
plies a vacuum in the range of between 50 and 150 mmHg at cycles of between 120 to 150 per
minute. The various programs for controlling the operational parameters of the pumps according
to WO 2003/082378 A1 are selected by the user.

The present invention aims to provide a method regulating the operation of a milk pump from the
breast of a nursing mother which is able to provide sufficient yield of milk without adversely affect-

ing the breast tissue properties.
As a solution to the above object, the present invention provides a method as defined in claim 1.

This method controls the operation of the vacuum source by adjusting the operation parameters
of the vacuum source dependent on the actual volume flow of milk, which volume flow results from

the pumping performance of the breast pump.



WO 2021/160875 3 PCT/EP2021/053592

The breast pump is usually an electrically driven breast pump, which can have the constitution as
e.g. described in WO 2003/082378 A1.

The breast pump furthermore has a sensor adapted to sense a volume flow of milk between a
breast shield, which is adapted to receive the breast of a nursing mother and usually a collection
container in fluid communication with the breast shield. Usually, a milk channel is provided be-
tween the breast shield and the collection container, which milk channel is connected to the vac-

uum source for applying the negative pressure at the mammilla to force the milk flow.

For obtaining a signal indicative of the volume flow of milk, any suitable measurement technique
may be used such as counting of droplets of milk on their way from the breast shield to the collec-
tion container. For this, the flow of milk can be continuously measured, e.g. as described in
US 2015/0283311 A1. It is also feasible to calculate the milk flow from measurements over time
of the fluid volume contained in the collection container as e.g. taught in WO 2018/045349 A1.
Moreover, a certain volume may be measured in a measuring chamber arranged between the
breast shield and the collection container, which measuring chamber has an opening valve and is
adapted to store for a certain period the milk to measure the volume collected within the measuring

chamber over said time.

All the above measurements, a signal indicative of the volume flow of milk from the breast shield
to the collection container may be obtained. The sensor may just measure the existence of volume
flow. Thus, the sensor may just provide e.g. a signal indicating the presence or absence of a

volume flow.

In other words, the signal indicative of the volume flow of milk may be a signal which continuously
provides information on the existence or an amount of the actual volume flow of the milk from the
nipple through the breast shield to the collection container. Alternatively, discrete information on
the existence or on actual volumes within a chamber and the change over time of said volume

may be utilized as a signal indicative of the volume flow of the milk.

On the basis of the signal at least one operational parameter of the vacuum source is adjusted.
The operational parameters adjusted in response to the signal indicative of a volume flow of milk
may be any operational parameter of the vacuum source, i.e. the pump. However, at least one of
the following operational parameters is adjusted in accordance with the information retrieved from
the signal indicative of a volume flow of milk: vacuum strength, cycle frequency or shape of vac-

uum profile over time.
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Among those, the vacuum strength is in fact the absolute value of the applied vacuum level. The
cycle frequency assumes that a vacuum is applied in a cyclic manner between a maximum vac-
uum strength, i.e. the highest absolute value for the applied suction, and the lowest suction value,

which can be a suction of 0 mmHg.

A suction pressure is usually a negative pressure. For sake of an easy understanding of the tech-
nical teaching, the suction pressure applied is referred to as an absolute suction pressure with a
high suction pressure providing the highest suction effect at the mammilla and a low suction pres-
sure providing the lowest or no suction effect at the mammilla and/or within any area of the breast
pump. The lowest suction pressure usually is 0 mmHg. A suction cycle may also apply some

positive pressure on the breast or the nipple.

In addition, the at least one operational parameter to be adjusted in response to the signal indic-
ative of the volume flow may be the shape of the vacuum profile. WO 2003/082378 A1 discloses
various vacuum profiles within one specific cycle. The vacuum profile may exhibit a parabolic or
sinus curve between the highest value and the lowest suction value. As shown in Fig. 14 of
WO 2003/082378 A1, the suction curve may likewise exhibit a specific profile with a peak for the
maximum suction force and a plateau next to the peak with a rather steep slope from the lowest
suction force, i.e. a suction of 0 mmHg to the plateau or peak. The vacuum profile may result from
single or multiple stroke action of a pump as the vacuum source. In response to the signal indica-
tive of the volume flow, the speed of the motor i.e. the pumping aggregate may be altered as well

as the speed of the airflow of the air moved within the breast pump.

The operational parameters and the actual profile and value, i.e. strength of the vacuum, cycle
frequency or shape of vacuum profile over time, may exist at a specific position of the breast pump,
i.e. within the vacuum source, the milk channel, the collection container or the breast shield, in
particular close to the mammilla. Due to the compressibility of air, the actual vacuum strength,
cycle frequency and/or shape of vacuum profile over time measured e.g. at the mammilla may

depart from the operational parameters set in this respect for the pump.

For carrying out the present invention, it is not decisive where to measure each of the parameters
and the constitution of each of the parameters at a specific location within the breast pump. It is,
however, decisive to adjust the operational parameters of the vacuum source within the breast
pump in response to the actual milk flow during pumping operation of one or more vacuum sources

of the devise applying the method.
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The present method is in particular applied after commencement of an expression phase, i.e. at
or after “let down” the milk. In other words, control and adjustment of the operational parameters
in response to the signal indicative of a volume flow of milk is preferably carried out after termina-
tion of the stimulation phase and in the so-called expression phase in which milk is collected from

the breast.

The operational parameters are continuously or cyclically adapted. In order to avoid unstable op-
eration conditions of the vacuum source in which the vacuum source parameters are instantane-
ously changed, the control of the vacuum source may apply a holding time for holding the opera-
tional parameters set at a certain level and throughout a predetermined period of time once the
operational parameters have been set in response to the signal indicative of the volume flow of
the milk. Such holding phase may be applied for a few seconds up to minutes. Preferably, the

holding time is set between 5 seconds and 300 seconds.

According to a preferred embodiment of the present invention, the signal used to adjust the at
least one operational parameter is a signal indicative of a quantitative volume flow of milk. In other
words, the actual volume flow and not only the existence or non-existence of milk flow is used for
adjusting the at least one operational parameter. The resolution of the volume flow over time may
be rather coarse, in particular, if the volume flow is determined periodically by measuring the vol-
ume in the measurement chamber. Continuous information on the actual quantity of volume flow
may not be required for carrying out the inventive method. It may be sufficient to assign the volume
flow to different qualities like e.g. regular volume flow, high volume flow or low volume flow, which

low volume flow may include a zero volume flow of milk.

Usually, the operational parameters of the vacuum source, in particular the vacuum strength, the
cycle frequency or shape of vacuum profile over time may be selected within a regular range in
case the volume flow of milk is between a low flow threshold and a high flow threshold. Such
regular or default operational parameters may correspond to those parameters usually applied in
the expression phase in the state of the art. Depending on the individual requirements of the user
of the breast pump, such default operational conditions may be altered by the user to set param-
eters which are to optimize volume flow in order to obtain a higher yield under comfortable condi-
tions while they can be adapted to more gentle conditions, if the user feels uncomfortable with the

preset default operational parameter or parameter(s).

Once set by the user, the respective operational parameter or parameter(s) are applied as the
new regular operational parameters in case the volume flow of milk is between the low flow thresh-

old and the high flow threshold and can be stored as the new default.
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Preferably, the default operational parameters will be adjusted to intensifiy operational parameters
of the vacuum source if the signal indicative of the volume flow of milk is above the high flow
threshold value. Observations by the inventors have led to the conclusion, that in particular a high
volume flow of milk allows the application of intensified operational parameters to the breast of the
nursing woman without adversely affecting the comfort level of the user and/or negatively affecting
the breast tissue properties. Thus, the preferred embodiment of the inventive method selects in-
tensified operational parameters in case of milk flow above the high flow threshold, which intensi-

fied operational parameters are used to obtain a higher yield.

In case of an intensified vacuum strength, respective vacuum strength has a higher absolute value
than the regular vacuum strength, which is applied in case the volume flow of milk is between the
low flow threshold and the high flow threshold. If for example the default vacuum strength is set at
200 mmHg, the intensified vacuum strength could be a suction force corresponding to 250 mmHg

or even 300 mmHg.

The intensified cycle frequency may be lower than the default frequency. In the stimulation phase,
the cycle frequency may be set to 100 to 150 cycles per minute while a cycle frequency of about
10 to 78 cycles per minute, preferably about 28 to 78 cycles per minute may be applied in the
expression phase and as a volume flow of milk exists. Within said range, the default cycle fre-
quency may be set e.g. between 45 to 99 cycles per minute, preferably between 45 to 78 cycles

per minute while the intensified cycle frequency may be between 28 to 44 cycles per minute.

As to the vacuum profile, the regular, i.e. generally applied conditions may apply in case the vol-
ume flow of milk is between a low flow threshold and a high flow threshold. An intensified shape
of vacuum profile over time may be any such profile which was observed as leading to a higher
volume flow i.e. milk expression from the breast. An intensified shape of vacuum profile over time
may exhibit a rather steep curve from low or zero vacuum strength values to the maximum suction
value with a plateau neighboring the maximum suction value and a steep decline at the end of the

cycle returning to low or no vacuum applied at the end of the cycle.

To summarize, the intensified operational parameter or parameters will apply a higher vacuum
strength for increasing the efficiency of milk extraction from the breast. A sensor can e.g. notify
the volume flow and observe information indicative of the amount of volume flow. A signal of such
sensor may be forwarded to an algorithm defined threshold level to alter the operational parame-

ters for shifting to an increased milk output operation. The default operational conditions may per
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se or after individual adjustment by the user of the breast pump comply with a comfortable oper-
ation within the low flow threshold and high flow threshold which operational parameter or param-

eters will be intensified to increase milk output.

The user’s acceptable range for intensified operational parameters like vacuum strength may alter
depending on the volume flow, i.e. flow rate of milk from the breast. The sensor can detect a
volume flow above the algorithm defined threshold level and can enable the vacuum source sys-

tem to automatically intensify at least one operational parameter.

According to a preferred embodiment of the present invention, the at least one of the operational
parameters of the vacuum source is decreased if the signal indicative of the volume flow of milk
is below the low flow threshold. A decreased vacuum strength will be a lower vacuum strength.
Such lower vacuum strength can be as low as the vacuum strength applied in the stimulation
phase. The decreased vacuum strength may assume a value even below the vacuum strength
applied for the stimulation phase. Different vacuum strength values may be applied, which are

each lower than the default vacuum strength.

A decreased cycle frequency is a more moderate cycle frequency and may be embodied by ap-
plying a larger number of cycles per minute. The decreased cycle frequency may correspond to
the frequency applied in the stimulation phase.

A decreased shape of vacuum profile over time may be embodied by a smooth curve of the vac-
uum as e.g. described as the extremely gentle suction in WO 2003/082378 A1 (compare Fig. 12).
Specifically, a smooth transition from a zero suction strength to the maximum suction strength and
return to the zero suction strength without sharp edges and sharp increases or decreases in the
vacuum strength curve may characterize the decreased shape of vacuum profile over time. More-
over, each cycle may comprise a period of no suction force, which may assume a duration corre-
sponding to 30 to 50 % of each cycle time. In other words, a suction force may only be applied
over a portion of each vacuum cycle, whereas the remaining portion will not apply any suction
force.

Under decreased operational parameters applied, the above mentioned sensor may detect vol-
ume flow of milk above the algorithm defined low flow threshold value and can enable the vacuum
source to automatically intensify the at least one operational parameter to apply the default pa-
rameter and increase milk output after e.g. a period in which in the expression phase no or a very

reduced volume flow of milk was detected.
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Applying a rather high vacuum strength and slower longer cycles when the flow of milk reduces to
low or no flow condition, adversely effects the breast tissue properties encouraging swelling and
edema and resulting in constriction of milk ducts and a reduction of milk output. Due to this finding,
the present invention preferably proposes to decrease the at least one operational parameters in

case of milk flow below the low flow threshold.

In general, the actual amount of milk flowing from the breast shield to the collection container may
be utilized as a signal indicative of the volume flow. However, also e.g. the first or the second
derivative over time of said signal may be used to compare such value with a preselected threshold
value to decide whether one or more of the operational parameters are to be adjusted for coping

with different flow conditions or different expected flow conditions.

The first derivative over time approaching a zero value may be utilized to detect a change in the
volume flow of milk. If in case of a positive value of the change of volume flow over time, i.e. in
case of a positive first derivative over time of the volume flow, the respective first derivative ap-
proaches a zero value, a local maximum or an absolute maximum for the volume flow may be
reached, which may be a reason to adapt the operational parameters to an intensified or a de-
creased operational parameter. In case the respective first derivative of the volume flow over time,
i.e. the change of the volume flow over time is negative and approaches a zero value, an absolute
or local minimum of the volume flow of milk curve over time may be approaching, which again may

give rise to the need to adapt the at least one operational parameter.

In case of change of the volume flow over time, i.e. the first derivative of the volume over time
assuming a high value, the operational parameters may be intensified to increase the efficiency
of milk extraction, while the at least one operational parameter may be decreased in case of a low
first derivative over time, i.e. a rather slow increase of the volume flow over time, i.e. in a condition

the volume flow signal over time reaches a plateau.

A high change of volume over time (dV/dt) is usually between 15ml/min (0,27 g/s) and 18 ml/min
(0,33 g/s) whereas a low dV/dt is between 5 ml/min (0,9 g/s) and 7 ml/min (1,3 g/s).

As mentioned above, the second derivative of the volume flow over time may also be used to
adjust the operational parameter by comparing the value of the second derivative of the volume
flow over time with preselected threshold values in order to decide adjustment of at least one

operational parameter either to intensified or to decreased conditions.
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According to an alternative embodiment, which may likewise be implemented in the control of the
vacuum source to adapt the at least one operational parameter, the volume flow during at least
one vacuum cycle is analyzed to adjust the at least one of the operational parameters of the vac-
uum source for at least one subsequent vacuum cycle. In other words, not the absolute volume
flow obtained in the course of extracting milk from the breast is the decisive basis for setting the
operational parameter but the yield of at least one specific previous vacuum cycle to set the at
least one operational parameter for a subsequent vacuum cycle, which can be the vacuum cycle
directly preceding the previous vacuum cycle. As previously mentioned, a holding time may like-
wise be applied in this embodiment in order to avoid instantaneous adaption of the operational
parameter between each cycle. Accordingly, the at least one vacuum cycle may be plural vacuum
cycles and/or the at least one subsequent vacuum cycle may be a sequence of plural vacuum

cycles.

According to a preferred embodiment of the present invention, the volume flow of milk during the
at least one vacuum cycle is analyzed as to the peak volume flow and/or the total volume flow
during the at least one vacuum cycle. Depending on the analysis of said cycle, the at least one
operational parameter of the vacuum source is intensified in the at least one subsequent vacuum
cycle, if the peak volume flow and/or the total volume flow between an earlier and a later cycle
increases. On the other hand, the at least one of the operational parameters of the vacuum source
is decreased if the peak flow and/or the total volume flow of a later vacuum cycle is lower than in

a vacuum cycle preceding such later vacuum cycle as an earlier vacuum cycle.

The adjustment of the at least one operational parameter on the basis of a cycle-to-cycle analysis
may lead to an instantaneous adaption of the operational parameter in response to the actual milk
flow conditions, which are evaluated on the basis of peak flow or total volume flow during at least

one vacuum cycle.

The preferred embodiment of the method can be carried out by utilizing information indicative of
volume flow during the at least one vacuum cycle from a memory. This memory may store data
indicative of the volume flow during one specific session, in which the operational parameters are
adjusted. Setting of the operational parameters may likewise be carried out on the basis of infor-
mation obtained by learning from the behavior of the control of the operational parameters in re-
sponse to a signal indicative of the volume flow of milk. Accordingly, similar control of operational
parameters in response to a specific behavior of the volume flow of milk may be taken from the

memory to adjust the at least one operational parameter. In other words, the memory may be
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storing operational parameter history and/or the history of volume flow of milk. As mentioned be-
fore, respective data may be obtained during the same session. The memory may likewise store
the correlation between at least one operational parameter and the volume flow of milk over time
of a previous or all previous sessions and apply those data to the actual control of at least one of

the operational parameters during the actual session.

In general, proper setting of the operational parameters according to this preferred embodiment
will be carried out on the basis of a history, which history is stored in the memory and which history
pertains to the operational parameter history and/or the volume flow of milk history. The opera-
tional parameter history may store setting of at least one, preferably all operational parameters of
the vacuum source over time. Preferably, those data are stored along with the volume flow of milk
history in order to correlate the resulting milk flow of an individual user and correlate the milk
ejection efficiency of respective individual user with the setting of the at least one operational

parameter.

Thus, the control of the vacuum source is carried out on the basis of experience with the specific
user to provide optimum milk extraction efficiency for respective user triggered by a signal indica-

tive of the volume flow of milk.

In summary to the above, the inventive method allows to improve efficiency of milk extraction by
applying at least one intensified operational parameter in the event a signal indicative of the vol-
ume flow of milk justifies the assumption that the at least intensified operational parameter will
increase the volume flow of extracted milk. On the other hand and in case the signal of the volume
flow of milk indicates an approaching or existing period of low flow or no flow during the expression
of milk, the at least one operational parameter is decreased to avoid a negative influence on the
breast tissue properties due to high or regular operational parameters used for generating a higher

volume flow than in the no flow or low flow period.

The at least one operational parameters may be set dependent on the actual volume flow of milk.
The signal indicative of the volume flow of milk may be analyzed e.g. on the basis of the first
derivative over time (dV/dt) or second derivative over time (d?V/dt?) to identify the transition from
an increasing amount of milk flow over time to a decreasing amount of milk flow over time and/or
the speed of change of the milk flow to arrive at a different flow rate. As far as the above description
refers to the first derivative of the volume flow over time approaching a zero value does not nec-
essarily mean that the actual value of zero for the change of the volume flow over time (dV/dt)
must be observed. In fact, a plateau between a first period of increasing milk flow and a second

period of increasing milk flow may likewise be considered as a change of the volume flow over
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time approaching a zero value. The plateau may still show a slight increase in volume flow. The
same applies to a plateau between a first decreasing period of the milk flow and a second de-
creasing period of the milk flow, whereas the plateau may show no change of milk flow or a slight

reduction of the milk flow over time.

Alternatively, different vacuum cycles may be compared as to the signal indicative of the milk flow
to set the at least one operational parameter for an actual or preceding vacuum cycle. With this
control, a single vacuum cycle or multiple vacuum cycles may be analyzed and/or the at least one
operational parameter may be set for a single vacuum cycle or multiple subsequent vacuum cy-

cles.

In addition or alternatively, and in particular after a longer period of operation of the breast pump,
control of the vacuum source in response to the signal indicative of the milk flow may be adjusted
on the basis of a history, specifically on the basis of a correlation between setting or adjusting of
the at least one operational parameter and the response of the specific user with respect to milk
extraction rate, i.e. volume flow of milk. This aspect is in particular suitable to cope with individual
demands and behavior of a specific user. The system preferably employs artificial intelligence to
improve operational parameter setting with respect to volume flow of milk to finally be able to set
the at least one operational parameter which is best suited for the individual user in order to opti-

mize milk flow on the one hand and gently treat the breast tissue in periods of no flow.

The present invention likewise relates to a beast pump having a control adopted to control the

vacuum source as explained above.

The present invention will now be further explained by referring to different embodiments of the

invention and referring to the Figures. In the Figures:

Fig. 1 is a sketch correlating the volume flow of milk over time (Fig. 1a) with different opera-
tional parameters, specifically, the vacuum strength (Fig. 1b), the cycle frequency (Fig.
1¢), and the vacuum profile over time (Fig. 1d) as well as different phases during the

stimulation and expression phase (Fig. 1e) and

Fig. 2 is an example for a cycle-to-cycle analysis with a graph correlating the volume flow of

milk over time (Fig. 2b) to and the vacuum strength applied in each cycle (Fig. 2a).
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In Fig. 1a, the ordinate identifies the actual value of the volume flow whereas the abscissa relates
to the time. At time t = O, the stimulation phase is applied. As a reaction thereof, let down of milk
will eventually take place at t1. t1 identifies the first noticeable volume flow of milk. Shortly after
t1, the volume curve will intersect with a low flow threshold line |, which corresponds to a volume
flow of milk of 5 ml/min (0,09 g/s). At {2, the volume flow curve will intersect with a high flow
threshold line Il at 11,9 ml/min (0,22g/s). Between 12 and t4, the volume flow of milk is above this
high flow threshold value Il. As a consequence, intensified operational parameters are applied,

which will be further explained by referring to Figs. 1b through 1d.

In the stimulation phase and prior to t1, a stimulation vacuum strength of about 50 mmHg (Fig. 1b)
and a cycle frequency of between 100 and 120 cycles per minute (Fig. 1c) will be applied. The
curve shape (Fig. 1d), i.e. the vacuum profile over time has a parabolic form with the maximum in
the middle of each cycle but a smooth transition from the 0 mmHg value to the maximum vacuum
strength. In Fig. 1d, the curves all reach to 100% vacuum strength, wherein the vacuum strength

level for each of the curves may be different and can be retrieved from Fig. 1b.

Sensing a first volume flow of milk at t1, the operational parameters of the stimulation phase are
shut off by the control of the breast pump and the operational parameters for the expression phase
control the performance of the vacuum source of the breast pump. With the commencement of
milk flow, the regular, i.e. default operational parameters are used to control the vacuum source.
The cycle frequency is set lower than in the stimulation phase. The regular cycle frequency is set
at 50 CPM. The vacuum profile exhibits a sharp increase of the vacuum in each cycle for reaching
a plateau at the maximum vacuum strength, which plateau will decline to a further plateau of about
80% of the maximum vacuum strength. At the end of the plateau, the vacuum will fall to 0 mmHg
to shortly thereafter rise to reach the next plateau for the next vacuum profile. Respective vacuum
profile over time will be applied with each cycle frequency. This is not properly reflected in Figures

1c and 1d due to the need to elucidate some details of the vacuum profile over time in the drawing.

The cycle frequency and the cycle profile, however, do not have to directly result from the stroke
action of a vacuum pump forming the vacuum source on a general basis. Each cycle frequency
and/or each vacuum profile over time can result from multiple strokes of the pump, which pump
may have additional chambers to store and/or valves to control the actual vacuum, the profile of
the vacuum over time and possibly the vacuum frequency, e.g. at the breast shield or in the milk

channel.
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As evident from the comparison of Fig. 1a and 1c and 1d, the default operational parameters for
the cycle frequency and the vacuum profile over time are the same irrespective of the actual vol-
ume flow of milk being below or above the high flow threshold Il. However, and as evident at t4,
the vacuum strength will be lowered in case the volume flow intersects with the high flow threshold
with a negative dV/dt, i.e. a decline phase of the volume curve. At t5, a value dV/dt = 0 is observed,

which triggers the setting of the regular vacuum strength.

Between t2 and t4, the intensified operational parameters for the cycle frequency and the vacuum
profile over time as well as the vacuum strength are applied. As evident, the intensified vacuum
strength is higher than the regular vacuum strength before t1. On the other hand, the intensified
cycle frequency and the intensified vacuum profile over time are the same as the respective default
operational parameters between t1 and t2.

At 16, a dV/dt is observed between dV/dt > 0 and dV/dt < 0. This observation, however, lies be-
tween the high flow threshold |l and the low flow threshold |, and thus will not lead to an adjustment

of the operational parameters of the vacuum source in the exemplified embodiment.

At t7, the flow curve intersects with the low flow threshold |. As a consequence, the vacuum
strength is lowered to 80 mmHg, which is a first decreased vacuum strength. The cycle frequency
will be raised to 78 CPM, which is a first decreased cycle frequency value, whereas a first de-

creased curve shape is exemplified in Fig. 1d corresponds to the curve of the stimulation phase.

Between t9 and t10, the flow volume is very low and finally zero. Thus, the vacuum strength is
further reduced to a second decreased level of 50 mmHg, while a cycle frequency of 100 to 120
cycles per minute is applied as in the stimulation phase, which represents a second decreased
cycle frequency. The curve shape between t9 and t10 is essentially the same as between t7 and
t9. This decreased shape of vacuum profile over time shows a smooth increase and decrease with
no plateau. It corresponds to a sinus curve with an absolute minimum value corresponding to a O

mmHg vacuum strength.

While the volume flow profile between t10 and t11, i.e. the profile from zero flow to a flow value
above the low flow threshold at t11 may be similar to the volume flow curve after t1, the control of
the pump is aware of the fact that this volume flow behavior is observed in the expression phase.
While the vacuum strength and the cycle frequency are set “default’ as before, the vacuum profile
over time between t11 and t13, i.e. between the high flow threshold || and the low flow threshold |

shows adifferent curve than between t1 and t7. The vacuum profile over time shows multiple steps
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from zero to the maximum strength value and a steep decline from there to the zero line before

the next cycle begins.

After 113, the volume flow of milk is further reduced and finally dries up at t14. In this period, a
decreased shape of the vacuum profile is applied with a rather sharp edge between rise of the
vacuum and fall of the vacuum to the zero line. The cycle frequency between t13 and t14 is the

same as between t10 and t13. The vacuum strength is as between t7 and t9, i.e. 80 mmHg.

After t14, a decreased vacuum strength of 50 mmHg as in the stimulation phase is applied. The
cycle frequency is the same as in the stimulation phase. The vacuum profile over time after t14

exhibiting a decreased vacuum profile is the same as between t13 and t14.

As evident from Fig. 1e, in the expression phase and after simulation, i.e. after t1, extraction of
milk from the user’s breast is at issue. Between t8 and t10, control of the vacuum source to gently
treat the breast tissue is the ultimate goal for control of the vacuum source. The regime trying to
optimize milk extraction is itensified with E in Fig. 1e, whereas the general treatment of the tissue
is identified with G.

As the milk flow rises after t10, the gentle regime G is shifted to the extraction regime E to improve
efficiency of milk extraction, whereas intersecting the low flow threshold | with a negative dv/dt,
i.e. as the milk flow is declining will place the gentle treatment regime G into effect (compare Fig.
1e).

The above description of Figure 1 is just an example. Adjustment of the operational parameters in
this embodiment is mostly triggered by the threshold I, II. It could, however, be triggered by the
first derivative over time. If, for example, the increase in volume flow between t1 and {2 is consid-
ered to be high, observation of such change of volume flow over time dV/dt may likewise trigger
adjustment of the operational parameters. On the other hand, if the decline between t4 and t5 is
considered to be high, and as the volume curve has a negative dV/dt, a very high absolute value
of dV/dt may likewise trigger transition from intensified operational parameters to default or de-

creased.

Figure 2 exemplifies an adjustment of the vacuum strength as the only operational parameter on
a cycle—to—cycle basis. In said embodiment volume flow as observed in Figure 2b is analyzed as
a response to an applied cycle C1; C2; C3 (Figure 2a). Note that the ordinate of Figure 2a has

negative pressure values on the positive scale.
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DV1, DV2 and DV3 are each subsequent peak flow differences. DV2 for example is the difference
between peak flow PV1 due to a first cycle C1 and a minimum flow observed in the second cycle
C2. Each cycle C1, C2, C3 has a high phase vacuum strength HV and a low phase vacuum
strength LV. In each subsequent cycle DV-values increase over time and thus cycle. Thus, a

positive development of volume flow over time is observed.

Due to this, the high phase vacuum strength HV for the second cycle C2 is set higher than in C1,
whereas the low phase vacuum strength LV in said second cycle C2 is set lower than in C1. Thus,
the absolute pressure difference on the mammilla will be raised in subsequent cycles C1, C2. As
the respective finding results from comparing DV3 with DV2 the absolute pressure difference be-
tween LV and HV and/or the vacuum strength HV at the high phase of a cycle C may be raised
and thus intensified in expectation of a further increase of volume flow in a later cycle C4 or C5 or
C6 (not shown).

The absolute volume flow PV2 in cycle C2 is also higher in comparison to the peak volume flow
PV1 in the earlier cycle C1, which may constitute another criterion to intensify the vacuum strength

in the next cycle C3.



