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BREASTFEEDING QUANTIFICATION

BACKGROUND

This invention relates to a method for reassuring a nursing mother that her

baby is receiving sufficient breast milk and therefore sufficient nutrition. The
method uses an objective measurement indicative of the amount of breast milk
swallowed by the baby.

Mothers of newborn babies have a strong need to understand how much
their baby has breast fed. There were 4.1 million births in the United States alone
in 2003 and about 70% of all new moms breast feed. The first two weeks of
breastfeeding show the largest declines in breastfeeding with 10% drop off each
week. There is a significant opportunity to reassure (especially first-time) mothers
that their babies are breastfeeding appropriately, particularly during the first weeks
when mom is unsure and not confident in her breastfeeding ability. The mother
does not know the state of her baby's stomach and may question whether her
baby’s stomach is sufficiently full.

Prior devices have attempted to quantify breastfeeding by interposing a flow
meter between mother and baby. Such devices can lead to obvious problems with
delivery, intimacy, and bonding between mother and baby.

While particular embodiments and/or individual features of the present
invention have been illustrated and described, it would be obvious to those skilled
in the art that various other changes and modifications can be made without
departing from the spirit and scope of the invention. Further, it should be apparent
that all combinations of such embodiments and features are possible and can

result in preferred executions of the invention.

SUMMARY
Mothers can be provided with reassurance and a sense of security without
adversely affecting the sensory experience and by providing safe, comfortable,
easy ways for a mother to care for her baby. Giving a mother a tool to help
evaluate whether her baby is getting enough breast milk will help reassure the
mother with respect to how well breastfeeding is going and provide her with a

sense of security regarding her baby’s health. The present invention solves the
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problems outlined above by providing a method for reassuring a nursing mother
that her baby is receiving sufficient breast milk and therefore sufficient nutrition.
The method uses an objective measurement indicative of the amount of breast

milk swallowed by the baby.

For example, in one aspect of the present invention, the invention includes
a method for quantifying breastfeeding between a mother and a baby, the method
including measuring a physiological volume indicative of stomach fullness volume
for the baby; setting a signal threshold value of the physiological volume to
correspond to a stomach level that is less than or equal to the stomach fullness
volume; obtaining an objective measurement of the physiological volume indicative
of a level of fullness of the baby's stomach; and providing an indication to the
mother when the objective measurement equals or exceeds the signal threshold
value.

In another aspect of the present invention, the invention includes a method
for training a mother to recognize when her breastfeeding baby is receiving
adequate nutrition, the method including providing a device adapted to supply a
measurement of a physiological trait indicative of stomach fullness volume for the
baby over at least one time period during which at least one breastfeeding event
occurs; providing instructions to the mother with respect to expected traits
exhibited by a baby with a full or mostly full stomach; and demonstrating a
correlation between the measurement and the expected traits exhibited by a baby
with a full or mostly full stomach.

In another aspect of the present invention, the invention includes a method
for training a mother to recognize when her breastfeeding baby is receiving
adequate nutrition, the method including setting a signal threshold value of a
physiological volume to correspond to a stomach level that is less than or equal to
a stomach fullness volume; obtaining an objective measurement of the
physiological volume indicative of a level of fullness of the baby's stomach; and
providing an indication to the mother when the objective measurement equals or
exceeds the signal threshold value. _

In another aspect of the present invention, the invention includes a method
for quantifying breastfeeding between a mother and a baby, the mother having a
breast, the method including measuring a physiological trait indicative of breast
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fullness volume of the breast; setting a signal threshold value of the physiological
trait to correspond to a reduction in breast level that is less than or equal to the
breast fullness volume; obtaining an objective measurement of the physiological
trait indicative of a reduction in level of fullness of the mother’s breast: and
providing an indication to the mother when the objective measurement equals or
exceeds the signal threshold value.

In another aspect, the present disclosure is directed to a method and
system for quantifying the amount of a nourishing composition that is being
consumed by a baby. In this embodiment, for instance, the method can include
the step of sensing a baby’s swallows during consumption of the nourishing
composition. A volume of the nourishing composition is then determined based
upon the number of swallows sensed.

The above method can be used, for instance, during breastfeeding in order
to provide the mother with an objective measurement of the volume of the
nourishing composition being consumed by the baby which can correspond to a
stomach fuliness volume.

[n general, any suitable instrument can be used to sense the baby's
swallows. For instance, in one embodiment, the baby’s swallows can be sensed
by sensing muscular impulses in the esophagus of the baby. For instance, the
baby’s swallows may be sensed using electromyography, such as surface
electromyography. Alternatively, the swallows can be sensed using acoustic
myography. In still another embodiment, the swallows may be sensed using a
microphone or using a strain gauge.

The sensor used to sense the swallows of the baby can be communicated,
for instance, to a monitor. The monitor may comprise any suitable programmable
device that contains an algorithm for determining the amount of the nourishing
composition the baby has consumed based upon the number of swallows. The
monitor may include a display for communicating to a user the volume of the

nourishing composition the baby has consumed.
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BRIEF DESCRIPTION OF THE DRAWINGS

The foregoing and other features and aspects of the present invention and

the manner of attaining them will become more apparent, and the invention itself
will be better understood by reference to the following description, appended
claims and accompanying drawings, where:

FIG. 1 shows the general relationship between a representative objective
measurement that is indicative of the physical state of the stomach and the volume
of the stomach; and

FIG. 2 is a diagram of one embodiment of a system made in accordance
with the present disclosure.

Repeat use of reference characters in the present specification and
drawings is intended to represent the same or analogous features or elements of
the present invention. The drawings are representational and are not necessarily
drawn to scale. Certain proportions thereof may be exaggerated, while others may

be minimized.

DETAILED DESCRIPTION OF THE INVENTION
It is to be understood by one of ordinary skill in the art that the present

discussion is a description of exemplary aspects of the present invention only, and
is not intended as limiting the broader aspects of the present invention.

For the purposes of this invention, "mother" is defined as the person who is
breastfeeding a baby, whether that person is or is not the actual birth mother.
“Mother” may also refer to a caregiver, male or female, who is bottle-feeding or
otherwise providing nutrition to a baby. Similarly, the term “baby” may also refer to
a subject of any age who is receiving nutrition but cannot communicate stomach
fullness in a meaningful manner.

“Physiological trait” is any feature, size, volume, action, characteristic, or
quality of part or all of a human body. “Physiological volume” is a subset of
physiological trait and refers to the volume of a human organ, where a human
organ includes but is not limited to a stomach, a breast, and a bladder.
Physiological volume may be measured directly (e.g. by ultrasound) or indirectly

(e.g. by measuring the strain in skin near the organ).
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The achievement of suitable nutrition levels in a baby can be enhanced by
measurement of a full or mostly full stomach and/or recognition by the mother of
traits associated with a full or mostly full stomach. The method of this invention
involves the identification of appropriate nutritional training opportunities that can
aid a mother in recognizing when her breastfeeding baby has a full or mostly full
stomach. The term "appropriate" as used herein in relation to a nutritional training
opportunity refers to an occurrence or a condition that is especially suitable for use
in training the mother to recognize when the baby’s stomach contains a sufficient
quantity of breast milk. Thus, the nutritional training method of the present
invention includes the steps of obtaining an objective measurement of a
physiological trait or volume that is indicative of the physical state of the stomach
and providing an indication to the mother when the value of the measurement
reaches some signal threshold value corresponding to a full or relatively full
stomach. The objective measurement is preferably taken concurrent with
breastfeeding so that the mother may monitor the progress of the breastfeeding
without interrupting the breastfeeding.

The occurrence of this state of fullness of the stomach provides an
appropriate opportunity to train the mother to recognize the traits of the baby
associated with a full or mostly full stomach. By providing the indication based
upon the objective measurement, this method can identify appropriate nutritional
training opportunities to the mother. Given this objective indication of relative
stomach fullness, the mother may observe the baby’s actions, reactions, and
demeanor to identify traits associated with stomach fullness, with the goal of
eventually recognizing when the baby has a full stomach without an objective
measurement. Because this method is based on an objective measurement of a
physiological trait or volume and does not require the baby to communicate
stomach fullness or the mother to guess when stomach fullness exists, this method
of nutritional training is usable with babies far before they are capable of verbal
communication.

Preferably, the signal threshold value is set such that it indicates a relatively
full stomach. The volume of breast milk in the stomach at which the stomach is
considered full is referred to herein as the "stomach fullness volume" of the
stomach. The value of the objective measurement corresponding to the amount of
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breast milk in the stomach is referred to herein as the "physiological trait level" or
the “physiological volume level.” This physiological trait or volume level may be
measured and used to determine the signal threshold value. Because the
stomach fullness volume varies somewhat between different breastfeeding events,
an average of the stomach fullness volume or of the corresponding physiological
trait or volume level may be used to determine the signal threshold value.
Alternatively, the lowest or highest observed physiological trait or volume level,
another empirically derived value, or even an arbitrary value, may be used to
determine the signal threshold value. For example, the signal threshold value may
be set to correspond to an average of the daytime breastfeeding volume.

In addition, the invention described herein may be equally applied to bottle-
fed babies to determine their stomach fullness volumes and physiological trait or
volume levels. Examples of situations in which babies may be bottle-fed include
post-breastfeeding, instead of breastfeeding, or in a medical care situation. A
mother or caregiver can know the volume of fluid consumed by the baby based on
the amount that is removed by the baby from the bottle, but may need additional
guidance concerning the baby’s fullness. General rules of feeding volumes versus
age or feeding to rejection of the bottle provide decent guidelines for the average
baby, but a mother or caregiver may desire or require more particular information
related to a particular baby.

Various methods may be used to determine the physiological trait or volume
level of interest. The amount of breast milk as an input may be inferred from the
amount of urinary and fecal output of the baby, such as from a regular or random
sampling of the volume of urinary and fecal output retained in a diaper or other
article worn by the incontinent baby. Typically, the dry and wet weights of a diaper
may be compared to estimate the volume of urine retained in the diaper, which
may then be related back to the breast milk intake. Similarly, in accordance with
the concept introduced above and applied throughout this description, an indirect
parameter, such as the physiological trait or volume level, may be used in lieu of a
direct determination of a volume of interest. A monitor or monitors as described
herein may be used to determine the stomach volume and physiological trait or
volume level of interest. For example, the monitor may be used to track the baby's
stomach volume and level, or other objective measurement of a physiological trait
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or volume indicative of the physical state of the stomach, over one or more time
periods during which at least one breastfeeding event occurs. The local maximum
of the stomach volume or level or other objective measurement of a physiological
trait or volume generally corresponds to the baby's stomach fullness volume.

Ideally, the signal threshold value should be set high enough to correspond
to a stomach volume at which the stomach is full or mostly full to ensure the baby
receives suitable nutrition and perhaps to maximize the timing between
breastfeeding events. In any case, the signal threshold value should be set high
enough that the baby is likely to experience the physical sensation of stomach
fullness at the time that the signal is provided. Setting the signal threshold value at
this level will help to ensure that the opportunity is provided for the baby to act or
react as the baby normally would with a full stomach, thus giving the mother the
opportunity to observe such actions and reactions. In one aspect of the present
invention, the signal threshold value is set to correspond to a specific percentage
or proportion of the stomach fullness volume. For example, the signal threshold
value is set to correspond to a stomach level that is about 90% or less of the
stomach fullness volume. In another example, the signal threshold value is set to
correspond to a stomach level that is about 80% or less of the stomach fullness
volume. In yet another example, the signal threshold value is set to correspond to
a stomach level that is about 70% or less of the stomach fullness volume.

Use of the signal threshold relies on the general relationship between the
level of breast milk in the stomach, designated "stomach level," and the magnitude
of the corresponding physical sensation, designated "stomach sensation,” that is
associated with the distending stomach. As an individual's stomach begins to fill, it
initially expands with very little increase in internal pressure and with the physical
sensation at a level that is too low to be discernible by the individual. As the
stomach continues to fill, the internal pressure and the magnitude of the physical
sensation increase until the physical sensation eventually becomes discernible by
the individual. At this point of potential discernment of the physical sensation, the
opportunity is presented for the individual to become aware of the sensation. The
"stomach sensation threshold" represents a magnitude of the physical sensation at
which a hypothetical, but representative, individual, such as a baby, may become
aware of the physical sensation of the fullness of the stomach.

7
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The stomach level at which the stomach sensation reaches the stomach
sensation threshold is designated the "threshold stomach level" for the individual.
The threshold stomach level is generally less than the stomach level at which
stomach fullness typically occurs for the individual. Also, the onset of discernible
sensation may be gradual over a range of stomach levels. In the case of such a
gradual onset, the stomach sensation threshold may correspond to a range of
stomach levels rather than to a discrete value. The stomach sensation threshold,
and therefore the threshold stomach level, may change over time as the individual
grows.

FIG. 1 depicts an example of a representative objective measurement that
is indicative of the physical state of the stomach, as a function of the stomach
level. To facilitate the effective association between discernible, or potentially
discernible, stomach sensation and the physical possibility of stomach fullness, an
indication is provided at a stomach level that is greater than the threshold stomach
level, but less than the stomach fullness volume. Accordingly, the signal threshold
is set at a value of the stomach level measurement between the threshold stomach
level and the stomach fullness level.

In certain aspects of the present invention, nutritional training also includes
the ongoing or occasional monitoring of the stomach fullness volume after the
threshold value is initially set. As the baby grows, the stomach often increases in
maximum capacity. If the stomach fullness volume increases, the threshold value
may be recalculated and increased so as to continue to correspond to a relatively
full stomach. Alternatively, the threshold value may be automatically recalculated
by a measurement device, such as a monitor, as described below.

In one aspect of the present invention, the objective measurement of a
physiological trait or volume indicative of the physical state of the stomach may be
a measurement of the stomach volume and/or level, either estimated, measured,
or calculated via an algorithm. The objective measurement may be a
measurement of a linear, perimetric, circumferential, or volumetric dimension of the
stomach, a cross-sectional area of the stomach, and/or of the stomach shape.
The objective measurement may also be a measurement of a linear, perimetric,
circumferential, surface area, or volumetric dimension of the torso, a cross-
sectional area of the torso, and/or of the torso shape. Likewise, the objective

8
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measurement may be a measurement indicating the presence of the stomach in a
specific region of the torso, because the stomach might move as it fills and
expands. Similarly, the distention of the stomach, the tension in the stomach
walls, the electrical activity in the muscles or nerves surrounding the stomach, the
optical properties of the stomach, the acoustic properties of the stomach, the
compression of the tissues surrounding the stomach, or the distention of the skin in
the region of the torso containing the stomach, or any other measurable physical
change or physiological trait or volume in the baby's anatomy that is related to or
correlatable with an increase in breast milk volume in the baby's stomach, may be
objectively measured to ascertain the state of fullness of the stomach. In general,
the objective measurement may be any measurement that can be correlated to
one or more of the aforementioned parameters that are indicative of the state of
fullness of the stomach. The objective measurement of the state of fullness of the
stomach may employ any suitable modality of automatic sensing, including
ultrasound, audible sound, light (including coherent light), infrared radiation, and
active or passive electrical properties, including EMG signals and electrical
impedance measurements. The employed modality is preferably non-invasive.

In one aspect of the present invention, the measurement of the state of
fullness of the stomach uses ultrasound to provide a measurement or empirical
indication or estimate of the stomach dimensions, cross-sectional area, and/or
volume of the stomach. In certain aspects of the present invention, ultrasound is
used to measure the distention of, or tension in, the walls of the stomach, the
blood flow in the stomach walls, vibration in the stomach walls, or the acoustic
transmission properties of the tissues surrounding the stomach, which are affected
by the relative compression of the tissues that are displaced as the stomach
distends during filling.

Measurements indicative of the state of fullness of the stomach are
performed by a stomach volume/level monitor or "stomach monitor." The stomach
monitor may be used to determine both the stomach level and the stomach
fullness volume, as well as any other stomach measurements. In one aspect of
the present invention, a stomach monitor using ultrasound may generally include
one or more ultrasonic transducers adapted to send pulsed ultrasonic energy into
the baby's torso and to receive reflections of this energy. The stomach monitor
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may also include software to generate a measurement of the stomach state on the
basis of the reflected ultrasonic energy and to compare it to a threshold value. The
stomach monitor also may include one or more mechanisms to provide a signal or
an alarm to the mother when the stomach signal reaches the threshold value. The
signal or alarm may be provided in any suitable and useful form, such as an
audible alarm, a tactile alarm, and/or a visible alarm.

In another aspect of the present invention, a stomach monitor measuring
torso/skin distension may generally include one or more strain gauges adapted to
measure the expansion of the skin of the torso due to the filling of the stomach
within. The stomach monitor may also include software to generate a
measurement of the stomach state on the basis of the measured skin strain and to
compare it to a threshold value. The stomach monitor also may include one or
more mechanisms to provide a signal or an alarm to the mother when the stomach
signal reaches the threshold value. The signal or alarm may be provided in any
suitable and useful form, such as an audible alarm, a tactile alarm, and/or a visible
alarm.

In still another aspect of the present invention, a stomach monitor may
measure torso/skin durometer to determine the change in hardness or tautness of
the skin of the torso due to the filling of the stomach within. The stomach monitor
may also include software to generate a measurement of the stomach state on the
basis of the measured skin durometer and to compare it to a threshold value. The
stomach monitor also may include one or more mechanisms to provide a signal or
an alarm to the mother when the stomach signal reaches the threshold value. The
signal or alarm may be provided in any suitable and useful form, such as an
audible alarm, a tactile alarm, and/or a visible alarm.

In another aspect of the present invention, the objective measurement of a
physiological trait or volume indicative of the physical state of the stomach may be
a measurement of breast volume and/or level, either estimated, measured, or
calculated via an algorithm. The objective measurement may be a measurement
of a linear, perimetric, circumferential, or volumetric dimension of the breast, a
cross-sectional area of the breast, and/or of the breast shape. Similarly, the
distention of the breast, the tension in the breast structures, the electrical activity in
the muscles or nerves surrounding the breast, the optical properties of the breast,
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the acoustic properties of the breast, the compression of the tissues surrounding
the breast, or the distention of the skin in the region of the torso containing the
breast, or any other measurable physical change or physiological trait or volume in
the mother’s anatomy that is related to or correlatable with a reduction in breast
milk volume in the mother’s breast and therefore an increase in breast milk volume
in the baby's stomach, may be objectively measured to ascertain the state of
fullness of the stomach. In general, the objective measurement may be any
measurement that can be correlated to one or more of the aforementioned
parameters that are indicative of the state of fullness of the stomach. The
objective measurement of the state of fullness of the breast may employ any
suitable modality of automatic sensing, including ultrasound, audible sound, light
(including coherent light), infrared radiation, and active or passive electrical
properties, including EMG signals and electrical impedance measurements. The
employed modality is preferably non-invasive.

In one aspect of the present invention, the measurement of the state of
fullness of the breast uses ultrasound to provide a measurement or empirical
indication or estimate of the breast dimensions, cross-sectional area, and/or
volume of the breast. In certain aspects of the present invention, ultrasound is
used to measure the distention of, or tension in, the walls and/or structures of the
breast, the blood flow in and/or to the breast, vibration in the breast, or the acoustic
transmission properties of the tissues surrounding the breast, which may be
affected by the relative decompression of tissue as the breast reduces during
emptying.

Measurements indicative of the state of fullness of the breast are performed
by a breast volume/level monitor or "breast monitor." The breast monitor may be
used to determine the breast level, as well as any other breast measurements. In
one aspect of the present invention, a breast monitor using ultrasound may
generally include one or more ultrasonic transducers adapted to send pulsed
ultrasonic energy into the mother’s breast and/or torso and to receive reflections of
this energy. The breast monitor may also include software to generate a
measurement of the breast state on the basis of the reflected ultrasonic energy
and to compare it to a threshold value. The breast monitor also may include one
or more mechanisms to provide a signal or an alarm to the mother when the breast
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signal reaches the threshold value. The signal or alarm may be provided in any
suitable and useful form, such as an audible alarm, a tactile alarm, and/or a visible
alarm.

In another aspect of the present invention, a breast monitor measuring
torso/skin distension may generally include one or more strain gauges adapted to
measure the contraction of the skin of the breast and/or torso due to the emptying
of the breast. The breast monitor may also include software to generate a
measurement of the breast state on the basis of the measured skin strain and to
compare it to a threshold value. The breast monitor also may include one or more
mechanisms to provide a signal or an alarm to the mother when the breast signal
reaches the threshold value. The signal or alarm may be provided in any suitable
and useful form, such as an audible alarm, a tactile alarm, and/or a visible alarm.

In still another aspect of the present invention, a breast monitor may
measure torso/skin durometer to determine the change in hardness or tautness of
the skin of the breast and/or torso due to the emptying of the breast. The breast
monitor may aiso include software to generate a measurement of the breast state
on the basis of the measured skin durometer and to compare it to a threshold
value. The breast monitor also may include one or more mechanisms to provide a
signal or an alarm to the mother when the breast signal reaches the threshold
value. The signal or alarm may be provided in any suitable and useful form, such
as an audible alarm, a tactile alarm, and/or a visible alarm.

In still another aspect of the present invention, the objective measurement
of a physiological trait or volume indicative of the physical state of the stomach
may be a measurement of the baby’s physiological trait of swallowing, either
estimated, measured, or calculated via an algorithm. The objective measurement
may be a measurement of the number of times a baby swallows during a given
breastfeeding session. The objective measurement of the state of fullness of the
stomach may employ any suitable modality of automatic sensing, including
ultrasound, audible sound, light (including coherent light), infrared radiation, and
active or passive electrical properties, including EMG signals and electrical
impedance measurements. The employed modality is preferably non-invasive.

In one aspect of the present invention, the objective measurement of
swallowing indicative of the state of fullness of the stomach are performed by a
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"swallowing monitor." The swallowing monitor may use a microphone to
acoustically detect the sounds emitted by the baby as it breast feeds. Such
sounds, even if largely inaudible, may also be detected as sound conducted
through bone or tissue. The sounds are then analyzed to determine the number of
swallows indicative of stomach fullness. The stomach monitor may be used to
determine both the stomach level and the stomach fullness volume by correlating
the number of swallows with stomach fullness, as well as any other stomach
measurements. In one aspect of the present invention, a swallowing monitor may
generally include one or more microphones and signal processing hardware and
software. The swallowing monitor may also include software to generate a
measurement of the stomach state on the basis of the number of swallows and to
compare it to a threshold value. The swallowing monitor also may include one or
more mechanisms to provide a signal or an alarm to the mother when the stomach
signal reaches the threshold value. The signal or alarm may be provided in any
suitable and useful form, such as an audible alarm, a tactile alarm, and/or a visible
alarm.

In addition to a microphone, it should be understood that any suitable
sensor capable of sensing swallows may be used. For example, in an alternative
embodiment, the baby’s swallows can be monitored and counted by sensing
muscular impulses occurring along the esophagus of the baby. In particular,
during swallowing, the muscles surrounding the esophagus undergo a peristaltic
action. Electrical impulses are generated in the nervous system that in turn fires
the muscles that cause swallowing to occur. In one embodiment, for instance, the
electrical impulses can be monitored using electromyography (EMG).

Electromyography is a medical technique for evaluating and recording
physiological properties of muscles at rest and while contracting.
Electromyography is performed using an instrument called an electromyograph to
produce a record called an electromyogram. An electromyograph detects the
electrical potential generated by a muscle or a group of muscles when the muscles
contract, and also when the muscles are at rest. For instance, the muscle
membrane potential is about -70 mV. During electromyography, measured
potentials can range between less than 50 uV to greater than 30 mV. Typical
repetition rate of muscle unit firing is from about 7 Hertz to about 20 Hertz,
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depending upon the size of the muscle. In the past, electromyography was used
to assess muscle damage. Electromyography, however, is well suited to
monitoring and counting swallows as they occur.

In general, there are two types of electromyographs. The first type is an
intramuscular electromyograph, while the second type is called a surface
electromyograph. Intramuscular electromyography typically involves inserting a
needle electrode through the skin into the muscle in order to measure electrical
activity.

Perhaps better suited for use in the process of the present disclosure,
however, is surface electromyography. During surface electromyography,
electrodes are placed on the skin overlying the muscle to detect the electrical
activity of the muscle. In the present case, for instance, one or more sensors may
be placed along the esophagus of the baby. The electrode sensor, for instance,
may be elongated with several measurement points to record and observe the
muscle contractions along the esophagus as the peristaltic action occurs during
swailowing. For example, in one particular embodiment, the electrode placed
upon the skin of the baby may comprise a textile material screen printed with
silver.

One particular embodiment of using surface electromyography to detect
swallowing is disclosed, for instance, in U.S. Patent No. 6,484,053, which is
incorporated herein by reference. In the ‘053 patent, for instance, surface
electromyography is proposed for treating poor laryngeal-elevation disorder. In the
‘053 patent, the surface electromyograph includes cup-shaped surface electrodes
made of gold plated silver that are configured to be placed over the submandibular
salivary glands in order to send signals from the glossal muscle or from the
temporalis muscle. The surface electrodes are connected to a signal processing
circuit that, for instance, may amplify signals received from the electrodes for
analyzing the signals using various software.

According to the present disclosure, electromyography may be used to
sense muscular impulses around the esophagus. The muscle impulses can be
measured for quantity of swallows, intensity of impulses and duration if desired.
These factors may be used to calculate a volume of nutritional composition, such
as breast milk, consumed by the baby.
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One embodiment of a system for sensing swallows and determining the
volume of liquid consumed by the baby is shown, for instance, in FIG. 2. As
illustrated, the system includes a sensor 10 which may include, for instance, an
electromyograph such as a surface electromyograph. The sensor 10 is in
communication with a monitor 20. The monitor 20 can be any suitable
programmable device, such as a microprocessor. The monitor, for instance, can
be configured to receive information from the sensor to determine the number of
swallows that have occurred by the baby and any other information that the sensor
is capable of recording and transmitting to the monitor. The monitor 20 can then
include an algorithm capable of calculating the amount of volume of nourishing
composition swallowed by the baby based upon the information received from the
sensor 10.

As shown in FIG. 2, the monitor 20 can include a display 30 for
communicating information to the user regarding the volume of nourishing
composition consumed by the baby. The monitor 20, for instance, can use the
display 30 for communicating various information to the user. For instance, in
addition to calculating the volume of breast milk consumed by the baby, the display
may also be configured to calculate and determine the stomach level and the
stomach fullness volume based upon the volume of composition consumed. As
described above, the monitor may include one or more mechanisms to provide a
signal or an alarm to the mother when the stomach fullness volume or the volume
consumed by the baby reaches a threshold value.

As shown in FIG. 2, the monitor 20 can be connected to any suitable power
source 40. The power source 40 can comprise, for instance, a battery or can
comprise an AC outlet.

In one particular embodiment, the system can further include an input panel
50. The input panel 50 may be used to input into the system information about the
baby that may be relevant or otherwise used to assist in calculating the volume of
composition being consumed by the baby. For instance, a user may input into the
input panel 50 the sex of the baby, the age of the baby, the height and weight of
the baby, and the like. This information may be used to calculate an average
volume of composition consumed during each swallow or may be used to calculate
a stomach volume.
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In another alternative embodiment of the present disclosure, swallowing
may be monitored using acoustic myography (AMG). Acoustic myography is the
recording of sounds produced by contracting muscles. These sounds generally
become louder with increasing force of contraction. Analysis of acoustic signals
from muscles can provide another noninvasive method for monitoring and
recording swallows.

For example, during contraction, muscles generate sounds that under
ordinary conditions are typically not heard. The sounds typically have a frequency
of about 25 Hertz. Using a proper sensor, however, these sounds can be
monitored and sensed.

When placed along the esophagus of a baby, the acoustic signals
generated by the throat muscles during swallowing can be detected and used to
monitor swallowing by the baby. One embodiment of a process for monitoring
muscles through acoustic myography is disclosed, for instance, in U.S. Patent No.
4,571,750, which is incorporated herein by reference.

The acoustic myograph, for instance, may include a sensor comprising a
microphone connected to a preamplifier. The preamplifier may be connected to a
rectifier which produces a DC signal. The rectifier in turn may be coupled to a
differential amplifier which produces a signal that is fed to a bandpass filter which,
in one embodiment, may be tuned into the vicinity of 20 Hertz to 30 Hertz. The
filtered output signal can then be analyzed to record when a swallow has occurred
and, in some embodiments, also record other information about the swallow, such
as intensity and duration which may be used to calculate volume of liquid
consumed during the swallow.

In addition to electromyography and acoustic myography, in still another
embodiment, swallowing can be recorded by sensing movements in the throat
using other types of sensors. For instance, in one embodiment, a bendable
material may be used as a sensor that changes characteristics as it is stretched or
manipulated. The bendable material, for instance, may be placed over the
esophagus of a baby for recording swallows as they occur.

In one aspect of the present invention, any of the monitors described herein
include a mechanism to calibrate the monitor and/or to reset the signal threshold
value, and the electronics and power source to support the system. The monitor
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may be calibrated and the signal threshold value may be reset automatically or
upon the intervention of the mother. Similarly, the type and intensity of the alarm
may preferably be changed by the mother. Optional components of a monitor
include a display, a data storage and analysis mechanism, a telemetry system, a
remote mother alarm unit, and one or more mechanisms to secure the monitor to
the baby or to a supporting garment. For example, the monitor may have the
capability to store data that are useful for the tracking and assessment of progress
toward the achievement of suitable nutrition. Ongoing collected data may be used
to fine tune threshold volume levels and monitor trends.

The monitor used in the method of the present invention may be or include
a handheld unit or may include a wearable device. As used herein, the term
"wearable" refers to the adaptability of the monitor, or a portion thereof, to be
applied to a baby's or mother's body for the duration of his or her normal activities
without substantially limiting these activities. The scope of this term includes the
association with, or incorporation into, a garment, the partial or full encirclement of
at least a portion of the subject's anatomy, the adhesive application to the baby‘s
or mother’s skin, or the design of the device to simulate a garment, belt, or any
other wearable garment. Wearable devices or components may include elastic
and other belts, disposable or durable clothing, disposable absorbent articles such
as diapers, disposable waste-receiving articles such as adhesively or releasably
attachable strips such as bandages and diagnostic strips, adhesively-attached
devices, and any other suitable wearable items. Additionally, the device, or a
component of the device, may be releasably affixed to any of the above wearable
articles or to any other carrier structure that may be attached to the subject or to a
wearable article.

For example, the monitor may include an ultrasonic transducer or
microphone affixed adhesively to the subject's skin or a strain gauge embedded in
the baby’s or mother’s clothing and connected by wire or wirelessly to a closed
housing containing the monitor electronics and power supply, which may be affixed
to one of the subject's garments. Alternatively, the monitor may include an
ultrasonic transducer, microphone, or a strain gauge integrated into a housing and
the housing may be formed as, or incorporated into, a belt that may be applied
around all or part of the subject's body. In the aspect of measuring a baby’s
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stomach, the ultrasonic transducer or strain gauge should be held in intimate
contact with the subject's skin in the vicinity of the torso above the navel.

Suitable ultrasonic devices and approaches to obtain objective
measurements of the physical state of internal organs are described in U.S. Patent
Nos. 4,926,871; 5,322,067, 6,110,111; and 6,359,190; and U.S. Patent Application
Publication No. 20050251036A1. Suitable strain gauge devices and approaches
to obtain objective measurements are described in U.S. Patent No. 5,454,376.

The nutritional training method of the present invention is significantly
different from methods directed to observing internal organs, in that the present
method is directed to training mothers to recognize a baby’s traits indicative of
stomach fullness. The monitor used in this method provides an indication that a
baby has achieved stomach fullness and that an appropriate nutritional training
opportunity exists. The accurate identification of appropriate nutritional training
opportunities in the present method significantly increases the confidence and
assurance of the mother with respect to her baby receiving suitable nutrition.
Thus, the present method also reduces the psychological stress associated with
breastfeeding a baby who cannot verbally communicate.

Measurements of the physiological trait or volume may be performed
continuously or intermittently. Intermittent measurements may be performed
automatically, at some preset or programmable interval driven by the monitor
electronics, or manually by the mother. Preferably, measurements are made
automatically at intervals of between about 5 seconds and about 10 minutes.
More typically, the measurements are automatically made at intervals of between
about 2 minutes and about 8 minutes. In another aspect of the present invention,
measurements may be done continuously during breastfeeding.

In one aspect of the present invention, the monitor may be sold in a
package including a monitor and instructions for using the monitor to perform the
methods described herein. The term "instructions" referred to herein is an outline
or manual of technical procedure for the use of the monitor. In general, the
instructions may describe the use of the monitor for any of the steps for which it
can be used. For example, the instructions may describe any of the steps
mentioned, including those of using the monitor to obtain a stomach fullness
volume and/or the objective measurement of a physiological trait or volume and
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providing an indication to the mother when the objective measurement equals or
exceeds a signal threshold value. The instructions may also outline the potential
actions, reactions, and/or demeanor to be exhibited by a baby with a full stomach
as a part of identifying an appropriate nutritional training opportunity based on the
occurrence of the signal. The instructions may, likewise, describe other steps,
including those of using the monitor to measure the stomach fullness volume and
setting the signal threshold value to correspond to a stomach volume that is less
than the stomach fullness volume, for example.

The descriptive nature of the instructions may be provided by text, by
figures or diagrams, or by any other visual guide, such as by the sequential
numbering of operations or of operable devices in correspondence with an
effective sequence of steps of the method of the present invention. Also, the
instructions may be included with the package in any of several forms. For
example, the instructions may be printed on the outside or the inside of the
package itself, or may be in the form of a sheet or card contained inside the
package or attached to the package. In some aspects of the present invention, the
instructions may form part of the physical embodiment of the monitor as, for
instance, when the instructions are engraved on, or affixed to, the monitor. In
another aspect of the present invention, the monitor may include a display that
displays, among other items, instructions for use of the monitor. In still another
aspect of the present invention, the monitor may include audio instructions in its
use. In general, the instructions may be provided in any form in which the
functional relationship between the instructions and the use of the monitor is clear
to the user.

These and other modifications and variations to the present invention may
be practiced by those of ordinary skill in the art, without departing from the spirit
and scope of the present invention, which is more particularly set forth in the
appended claims. In addition, it should be understood that aspects of the various
aspects of the present invention may be interchanged either in whole or in part.
Furthermore, those of ordinary skill in the art will appreciate that the foregoing
description is by way of example only, and is not intended to limit the invention so

further described in such appended claims.
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What Is Claimed:

1. A method for quantifying the amount of a nourishing composition that

is being consumed by a baby comprising:

sensing a baby’s swallows during consumption of a nourishing
composition; and

determining a volume of the nourishing composition that is being
consumed by the baby based on the number of swallows sensed.

2. A method as defined in claim 1, wherein the nourishing composition
comprises breast milk.

3. A method as defined in claim 2, wherein the method is performed
during breastfeeding between a mother and a baby.

4, A method as defined in claim 1, 2 or 3, further comprising the step of
providing an indication to a caregiver when the determined volume of the
nourishing composition consumed by the baby equals or exceeds a signal
threshold value.

5. A method as defined in claim 4, further comprising providing
instructions to the caregiver to discontinue feeding of the baby when the indication
is provided to the caregiver.

6. A method as defined in claim 1, 2, 3, 4 or 5, wherein the amount of
sensed swallows by the baby are sent to a monitor that includes an algorithm to
convert the number of sensed swallows into volume consumed by the baby.

7. A method as defined in claims 1-5 or 6, wherein the baby’s swallows
are sensed by a microphone.

8. A method as defined in claims 1-5 or 6, wherein the baby’s swallows
are sensed by sensing muscular impulses in an esophagus of the baby as the
baby is swallowing.

9. A method as defined in claims 1-5 or 6, where the baby's swallows
are sensed using electromyography.

10. A method as defined in claims 1-5 or 6, where the baby’s swallows
are sensed using surface electromyography.

11. A method as defined in claims 1-5 or 6, where the baby’s swallows

are sensed using acoustic myography.
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12. A method as defined in claims 1-5 or 6, where the baby’s swallows
are sensed using a strain gage.

13. A system for quantifying the amount of a nourishing composition that
is being consumed by a baby comprising:

a sensor that senses a baby’s swallows; and

a monitor and communication with the sensor, the monitor being
configured to determine a volume of the nourishing composition that is being
consumed by the baby based on information received from the sensor.

14. A system as defined in claim 13, wherein the monitor includes a
display for communicating volume information to user.

15. A system as defined in claim 13 or 14, wherein the monitor includes
an algorithm that calculates the volume of the nourishing composition consumed
by the baby based upon the number of swallows sensed by the sensor.

16. A system as defined in claim 13, 14 or 15, wherein the sensor
comprises a microphone.

17. A system as defined in claim 13, 14 or 15, wherein the sensor
comprises an electromyograph.

18. A system as defined in claim 13, 14 or 15, wherein the sensor
comprises a surface electromyograph.

19. A system as defined in claim 13, 14 or 15, wherein the sensor
comprises an acoustic myograph.

20. A system as defined in claim 13, 14 or 15, wherein the sensor

comprises a strain gauge.
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