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(57) Abstract: The various embodiments herein relate to systems, devices, and methods for tracking abdominal orientation and
activity for purposes of preventing or treating conditions of pregnancy or other types of medical conditions. In certain specific em-
bodiments, the system, device, or method relates to identitying abdominal orientation risk values, calculating and updating a cumu-
O lative risk value, comparing the cumulative risk value to a threshold, and outputting a warning when the cumulative risk value
crosses the threshold.
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SYSTEMS, DEVICES, AND METHODS FOR TRACKING
ABDOMINAL ORIENTATION AND ACTIVITY

CROSS-REFERENCE TO RELATED APPLICATIONS
[1] This application claimed the benefit under 35 U.S.C. § 119(e) to U.S. Provisional
Application 61/971,438, filed March 27, 2014 and entitled “A Method and Device to Assess and
Alter Abdominal Orientation;” U.S. Provisional Application 61/986,665, filed April 30, 2014
and entitled “Systems, Devices, and Methods for Tracking Abdominal Orientation and Activity;”
U.S. Provisional Application 62/022,060, filed July 8, 2014 and entitled “Systems, Devices, and
Methods for Tracking Abdominal Orientation and Activity;” U.S. Provisional Application
62/059,557, filed October 3, 2014 and entitled “Systems, Devices, and methods for Reducing
Preterm Birth in Pregnant Women;” and U.S. Provisional Application 62/111,427, filed February
3, 2015 and entitled “Systems, Devices, and Methods for Tracking Abdominal Orientation and

Activity,” all of which are hereby incorporated herein by reference in their entireties.

FIELD OF INVENTION
[2] This invention generally uses sensing technologies and algorithms to assess and

treat clinical conditions related to the abdomen.

BACKGROUND
[3] Medical evidence suggests that large amounts of mass or pressure in the
abdominal region can lead to serious health consequences. Two very closely related examples of
this are intraabdominal hypertension (IAH) and abdominal compartment syndrome (ACS). In
these conditions, fluid within the abdominal space accumulates in such large volumes that the
abdominal wall stretches to its elastic limit. Once it can no longer expand, additional fluid
leaking into the tissue results in a rapid rises in the pressure within the closed space. Initially, this
increase in pressure causes mild to moderate organ dysfunction (as seen in IAH). If the pressure
continues to rise to higher levels, organs may begin to fail completely (as seen in ACS), which
can lead to death.
[4] A similar pathogenesis is observed to varying degrees with morbidly obese

patients and pregnant women who also can have negative clinical responses to their large
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abdominal masses. The abdomen as a whole may apply different amounts of pressure on
intraabdominal tissues and organs depending upon its orientation to both gravity and those
internal organs. As an example, consider pressure applied by the uterus of a late stage pregnant
woman on her inferior vena cava (vein that runs through abdomen near the spine). The position
of least pressure would be for the woman to be on her hands and knees with her abdomen
hanging inferiorly. A slightly higher pressure position would be her standing upright. A higher
pressure position still would be her leaning back on a couch. And the greatest amount of
pressure would be experienced by her laying supine (flat on her back).

[5] Traditionally, obstetricians have advised pregnant women with preeclampsia or
other hypertensive disorders to avoid lying in the supine position and to go on bed rest for
periods of time; however, these recommendations are often incomplete as they only frame the
issue in terms of “good positions” (e.g. bed rest, laying on left side) and “bad positions” (e.g.

laying supine).

SUMMARY OF THE INVENTION

29 <C 29 <

[6] The terms “invention,” “the invention,” “this invention” and “the present
invention” used in this patent are intended to refer broadly to all of the subject matter of this
patent and the patent claims below. Statements containing these terms should be understood not
to limit the subject matter described herein or to limit the meaning or scope of the patent claims
below. Embodiments of the invention covered by this patent are defined by the claims below,
not this summary. This summary is a high-level overview of various aspects of the invention
and introduces some of the concepts that are further described in the Detailed Description section
below. This summary is not intended to identify key or essential features of the claimed subject
matter, nor is it intended to be used in isolation to determine the scope of the claimed subject
matter. The subject matter should be understood by reference to appropriate portions of the
entire specification of this patent, any or all drawings and each claim.

[7] In some embodiments, a wearable device for capturing abdominal orientation data
and delivering feedback to the user is provided. The device may include one or more sensors
which determine the spatial orientation of the user’s abdomen relative to the direction of Earth’s

gravity and a microcontroller that receives and stores orientation data from the sensors and uses

an algorithm (and/or is configured) to estimate the level of clinical risk over various time scales
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based on the abdominal orientation. The wearable device may further include a communication
device which conveys periodic updates and alerts to the user on their current risk level.

[8] In some embodiments, the device may be used to prevent or treat conditions of
pregnancy, such as, preeclampsia, gestational hypertension, intrauterine growth restriction, fetal
hypoxia, gestational diabetes, HELLP (Hemolysis, Elevated Liver Enzymes, Low Platelet count)
syndrome, placenta abruption, placenta previa, or abdominal related conditions such as obesity-
related hypertension, idiopathic intracranial hypertension, hypoventilation syndrome, and
abdominal compartment syndrome.

[9] Optionally, the device may also determine the position and orientation of the
abdomen in relation to musculoskeletal components of the users mid-section or torso such as the
spine, ribcage, back muscles, etc.

[10] In some embodiments, the device may use geometric approximations and/or
empirical reference data to determine the force, impulse, or pressure being applied to certain
intra-abdominal tissues or organs by the abdomen. These tissues and organs may include the
spine, kidneys, liver, bladder, all abdominal blood vessels including the inferior vena cava, and
all abdominal nerves including the renal sympathetic nerves.

[11] In further embodiments, the device may include 2 sets of sensors: one set may
monitor the orientation of abdominal soft tissue (e.g. belly) and the other set may monitor

orientation of an area of the torso (e.g. sternum).

[12] In some embodiments, the wearable device may also include a fetal heart rate
monitor.
[13] In some embodiments, the device may determine acceleration forces due to

movement of the user to detect walking, running, and other movements or exercise which are
used in the algorithm to determine clinical risk.

[14] Optionally, the wearable device may recommend reducing certain physical
activities in order to reduce risks to the patient.

[15] In many embodiments, the device may provide vibrational, visual, or audio
feedback to the user based on past or current orientation of their abdomen. Feedback types may
include: positive reinforcement for having good abdominal orientation, feedback to suggest a

specific position, and feedback to suggest a different position.
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[16] In some embodiments, the microcontroller may store and later electronically
transmit the orientation data and calculated intraabdominal force, impulse, or pressure data to the
user or care providers, including doctors.

[17] The device may use specialized algorithms for each patient depending on a
variety of factors, including, but not limited to, user’s height, weight, age, age of gestation, blood
pressure, diagnostic test results, time since diagnosis, prior number of device alerts, as well as,

the doctor’s or patient’s preference on the restrictiveness of their daily activities.

[18] In some embodiments, the device may be used to reinforce compliance for bed
rest.
[19] Optionally, the device may contain one or more accelerometers or other sensors

which can determine the orientation of the abdomen in relationship to gravity or other parts of
the body.

[20] In some embodiments the device may not send alerts to the patient, but may
simply record abdominal position data to be used later.

[21] In some embodiments, the device can be calibrated either automatically by
recognizing certain characteristic position or movement data (e.g. walking, sitting, lying down),
or manually by calibration by the user (e.g. press a button while standing or sitting upright).

[22] In some embodiments, the device provides feedback only during waking hours.
[23] Optionally, the device may be configured to send recommendations to the user or
doctor to test blood pressure, urine protein, or other markers of preeclampsia.

[24] In some embodiments, the one or more sensors comprise 1 to 3 accelerometers.
[25] The device may be strapped to the body with elastic, Velcro, or other straps.
Optionally, the device may adhere to the user with an adhesive to stick to the user’s skin.

[26] In some embodiments, the device may include a blood pressure monitor. In one
embodiment, the blood pressure monitor uses pulse wave transit time to estimate absolute blood
pressure or blood pressure changes. The chest strap of the device may include 2 electrodes, one
on the left and one on the right side of the chest. The electrodes may transmit a current through
the chest and measure impedance. This method (impedance phethysmography) is known to
generate an ECG wave-form. The device may simultaneously measure the user’s pulse via pulse
oximetry. The device may then combine the ECG data and finger pulse rate to calculate pulse

wave transit time which may be used to estimate blood pressure. In one embodiment, the pulse
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oximetry is performed by the camera or light sensor on a mobile phone or other mobile device

that is wirelessly connected to the device.

[27] Optionally, the device may be a mobile phone with a specialized application
installed.
[28] Alternatively, the device may be separate from a cell phone and may be

configured to connect wirelessly to a cell phone with an application installed.

[29] The device may include a sensor that sends position or activity data directly to a
cell phone or mobile device which contains the algorithm and other functions detailed in this
invention.

[30] In further aspects of the present invention, a wearable device for capturing
abdominal orientation data and delivering feedback to the user is provided. The device may
include 1) one or more sensors, which determine the spatial orientation of the user’s abdomen
relative to the direction of Earth’s gravity; 2) a communication device which connects the
sensors to a 2™ device which contains a microprocessor; 3) the 2" device that receives and stores
data from the sensors and uses an algorithm to estimate the level of clinical risk over various
time scales based on the abdominal orientation and/or activity level.

[31] The 2™ device may be a smart phone, cell phone, or other type of small computer
in close proximity to or on the user, for example.

[32] In further aspects of the present invention, a wearable device for capturing
abdominal orientation data and delivering feedback to the user is provided. The device may
include 1) one or more sensors, which produce data which can be translated into activities; 2) a
microcontroller that receives and stores activity data from the sensors and uses an algorithm to
estimate the level of clinical risk over various time scales based on type of activity and duration,
and 3) a communication device which conveys periodic updates and alerts to the user on their
current risk level.

[33] The activities may include walking, running, driving, sitting, laying down, and
other typical activities in which a person might participate.

[34] In some embodiments, a method to capture abdominal orientation data and deliver
feedback to the user is provided. The method may include: 1) determining the spatial orientation
of the user’s abdomen relative to the direction of Earth’s gravity; 2) assessing whether the user’s

abdomen has been in an unhealthy orientation for too long of a period of time based on the
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determined spatial orientation of the user’s abdomen, and 3) conveying alerts or suggestions to
the user to indicate a need to reorient the abdomen to a different position.

[35] In some embodiments, a wearable device system for reducing the risk of preterm
birth in women may be provided. The wearable device may include one or more sensors for
continuously generating sensor data indicative of an orientation of an abdomen of the user. A
processor may be coupled with the one or more sensors and be configured to continuously
monitor the orientation of the abdomen of the user by processing the sensor data to estimate the
orientation of the abdomen of the user. The processor may further identify orientation risk
values associated with the estimated orientations of the abdomen to produce a time series of
identified orientation risk values. A first cumulative risk value may be calculated and updated by
calculating a first moving average for a subset of the time series of identified orientation risk
values associated with the estimated orientations of the abdomen. The subset for the first
moving average may have a first size. The first size may be at least the last 30 seconds of sensor
data. In some embodiments, it may be the last two minutes of sensor data. Thereafter the
processor may compare the first cumulative risk value to a first threshold and output a warning
when the first cumulative risk value crosses the first threshold.

[36] Optionally, the sensor data comprises a recline angle and a sideways tilt angle.
The orientation risk values may be a function of the recline angle and the sideways tilt angle.
[37] In some embodiments, the processor may be further configured to receive blood
pressure data of the user. The processor may raise or lower the first threshold in response to the
received blood pressure data.

[38] The system may further include a blood-oxygen level sensor for generating blood-
oxygen level data of the user. The blood oxygen level sensor may be coupled with the processor.
The processor may raise or lower the first threshold in response to the blood-oxygen level data
from the blood oxygen level sensor.

[39] An input may be coupled with the processor. The input may be configured to
receive a user input of pregnancy factors comprising at least one of a multiple pregnancy of the
user, body mass index (BMI) of the user, prior live births of the user, and preexisting
hypertension of the user. The processor may raise or lower the first threshold in response to the

user input of pregnancy factors.
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[40] The processor may be further configured to calculate and update a second
cumulative risk value by calculating a second moving average for a subset of the time series of
identified orientation risk values. The subset for the second moving average may include at least
the last 5 seconds of sensor data. The processor may compare the second cumulative risk value
to a second threshold and output a warning when the second cumulative risk value crosses the
second threshold.

[41] The processor may be further configured to continuously monitor user activity by
processing the sensor data to calculate user experienced force changes to identify clinically
significant user activity. The force changes may be calculated by identifying a difference
between a max force and a minimum force in the sensor data during a time interval. A time
series of calculated force changes may be generated by the processor.

[42] In some embodiments, the processor may identify clinically significant user
activity by calculating and updating a user activity moving average for a subset of the time series
of calculated force changes associated with the user activity. Thereafter the processor may
compare the user activity moving average to an activity threshold to determine whether the user
is engaged in clinically significant activity. Optionally, the processor may record a cumulative
time duration of the clinically significant activity engaged by the user over a period of time.

[43] In some embodiments, an input may be provided and coupled with the processor.
The input may be configured to receive user input of a gestational age of a pregnancy of the user.
[44] The processor may be further configured to compare the cumulative time duration
of clinically significant activity engaged by the user over the period of time to a preferred
cumulative activity threshold specific for the gestational age of the pregnancy of the user.

[45] In some embodiments, when the processor identifies clinically significant user
activity, the processor may stop identifying orientation risk values. The processor may be further
configured to identify activity risk values associated with the force changes to produce a time
series of identified activity risk values. The processor may calculate and update the first
cumulative risk score by combining the time series of identified activity risk values and
previously identified orientation risk values and calculating a moving average for a subset of the
combined time series of identified activity risk values and previously identified orientation risk

values.
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[46] In some embodiments the system may include an infrared sensor coupled with the
processor. The processor may determine device use in response to infrared sensor data.

[47] Optionally, processor may be further configured to compare the first cumulative
risk value to a second threshold and output a warning when the first cumulative risk value
crosses the second threshold. The warning associated with the first threshold and the warning
associated with the second threshold may be different.

[48] In yet another aspect of the present invention, a system may be provided that
includes a processing device and a non-transitory computer-readable medium accessible by the
processing device. The processing device may be configured to execute logic embodied in the
non-transitory computer-readable medium and thereby perform operations including: (1)
receiving force measurements from a sensor; (2) calculating force changes over time using the
received force measurements; (3) determining whether the user is engaged in clinically
significant activity based on the calculated force changes and an activity threshold.

[49] When the user is determined to not be engaged in clinically significant activity,
the processor may carry out the steps of: (a) receiving a recline angle and a sideways tilt angle
from a sensor; (b) identifying orientation risk values associated the received recline angle and the
received sideways tilt angle; and (c) recording a time series of orientation risk values;

[50] When the user is determined to be engaged in clinically significant activity, the
processor may carry out the steps of: (a) identifying activity risk values associated with the force
changes and (b) recording a time series of activity risk values.

[51] The processor may further be configured to combine the recorded time series of
orientation risk values with the recorded time series of activity risk values to generate a
continuous time series of risk values. A cumulative risk may be calculated on a subset of the
continuous time series of risk values by calculating a moving average for a subset of the
continuous time series of risk values. Thereafter, the processor may be configured to carry out
the steps of: comparing the cumulative risk to a cumulative risk threshold value and outputting a
warning when the cumulative risk crosses the cumulative risk threshold value.

[52] Optionally, the processing device, by executing the logic, may be further
configured to perform additional operations comprising: when the user is determined to be
engaged in activity, recording a cumulative time duration of the clinically significant activity by

the user over a period of time and comparing the cumulative time duration of the clinically
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significant activity engaged by the user over the time period to a preferred cumulative activity
threshold.

[53] The preferred cumulative activity threshold may be dependent on a pregnancy
stage of the user.

[54] The system may further include the sensor. The may be housed in a first housing
and the processor may be housed in a second housing separate from the first housing. The sensor
may be wirelessly coupled with the processor.

[55] In further embodiments, a method for reducing the risk of preterm birth in women
is provided. The method may include receiving sensor data from a sensor coupled with a user
and determining whether the user is engaged activity based on the received sensor data. When
the user is determined to not be engaged in activity, the method may include monitoring the
orientation of the abdomen of the user by processing the sensor data to estimate the orientation of
the abdomen of the user and identifying orientation risk values associated with the estimated
orientations of the abdomen to produce a time series of identified orientation risk values.
Thereafter, the method may include calculating and updating a cumulative risk value by
calculating a first moving average for a subset of the time series of identified orientation risk
values associated with the estimated orientations of the abdomen and comparing the cumulative
risk value to a first threshold and a second threshold. A first warning may be outputted when the
cumulative risk value crosses the first threshold and a second warning when the cumulative risk
value crosses the second threshold.

[56] The method may further include, when the user is determined to be engaged in
clinically significant activity, stopping the producing of the time series of identified orientation
risk values and identifying activity risk values associated with the sensor data to produce a time
series of identified activity risk values. Calculating and updating the cumulative risk score may
be performed by combining the time series of identified activity risk values and previously
identified orientation risk values and calculating a moving average for a subset of the combined
time series of identified activity risk values and previously identified orientation risk values.

[57] In further embodiments, a wearable device system for reducing the risk of preterm
birth in women is provided where the wearable device may include one or more sensors for
continuously generating force data indicative of an activity of the user. A processor may be

coupled with the one or more sensors and be configured to continuously monitor the activity of
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the user by processing the force data to identify force changes in the force data to estimate a
vigorousness of the activity of the user. The processor may compare the identified force changes
to a force change threshold value to determine whether the user is engaged in clinically
significant activity. When the user is engaged in clinically significant activity, the processor
may be configured to identify activity risk values associated with the identified force changes to
produce a time series of identified activity risk values. The processor may also calculate and
update a cumulative risk value by calculating a moving average for a subset of the time series of
identified activity risk values associated with the identified force changes and compare the
cumulative risk value to a threshold. A warning may be outputted when the first cumulative risk
value crosses the first threshold.

[58] The force changes may be calculated by identifying a difference between a max
force and a minimum force in the force data during a time interval and the processor may
produce a time series of calculated force changes. Optionally, the processor identifies clinically
significant user activity by: calculating and updating a user activity moving average for a subset
of the time series of calculated force changes associated with the user activity and comparing the
user activity moving average to an activity threshold to determine whether the user is engaged in
clinically significant activity. The processor may further record a cumulative time duration of
the clinically significant activity engaged by the user over a period of time.

[59] An input may be provided that is coupled with the processor and configured to
receive user input of a gestational age of a pregnancy of the user. The processor may be further
configured to compare the cumulative time duration of clinically significant activity engaged by
the user over the period of time to a preferred cumulative activity threshold specific for the
gestational age of the pregnancy of the user.

[60] In one embodiment, the device is used to train the user which orientations and
activities are preferable so that the device does not need to be worn through the entire course of
pregnancy. The device may be used initially for a few hours or days or may be used periodically
throughout pregnancy to refresh the user’s memory as to which activities and orientations are
preferred. The reminders can come in the form of alerts, text messages, alarms, or any other
known form of reminder to the user. In a further embodiment, the training device comprises an

app on a mobile device which is attached to the user’s torso.
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[61] In further embodiments, a device may be provided for inhibiting preeclampsia of
a woman. The device may include a sensor configured to generating orientation data and a
support configured to couple the sensor to an abdomen of the woman such that the orientation
data is indicative of an orientation of the abdomen. A processor may be coupled to the sensor so
that it receives the orientation data. The processor may be configured to calculate a time series
of values in response to the data and a cumulative risk value in response to the calculated values.
The processor may have an output for transmitting a warning in response to the risk value such
that preeclampsia risk is mitigated.

[62] While multiple embodiments are disclosed, still other embodiments will become
apparent to those skilled in the art from the following detailed description, which shows and
describes various illustrative embodiments. As will be realized, the various implementations are
capable of modifications in various obvious aspects, all without departing from the spirit and
scope of those embodiments. Accordingly, the drawings and detailed description are to be

regarded as illustrative in nature and not restrictive.

BRIEF DESCRIPTION OF THE DRAWINGS
[63] Figure 1 illustrates a system diagram of an exemplary device for tracking
abdominal orientation and/or user activity;
[64] Figure 2 illustrates an exemplary wearable device for tracking abdominal
orientation and/or user activity which attaches to a user by straps;
[65] Figure 3 illustrates the exemplary wearable device of Figure 2 placed on and
attached to a user at an exemplary location;
[66] Figure 4 illustrates an exemplary system for tracking abdominal orientation and
activity including the exemplary wearable device of Figure 2 in combination with another
exemplary wearable device for tracking abdominal orientation and activity (which may be
identical to the exemplary wearable device illustrated in Figure 2);
[67] Figure 5 illustrates an exemplary wearable device for tracking abdominal
orientation and activity which attaches to a user by an adhesive back;
[68] Figure 6 illustrates the exemplary wearable device of Figure 5 placed on and
attached to a user at an exemplary location; and

[69] Figure 7 illustrates an exemplary coordinate system for the user and the device;

11
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[70] Figure § illustrates an exemplary operational flow according to some
embodiments;

[71] Figure 9 illustrates an exemplary method for monitor orientation risks;
[72] Figures 10A-10B illustrate exemplary orientation risk value matrices;
[73] Figure 11 illustrates an exemplary method for monitoring activity risks;
[74] Figure 12 shows exemplary risk factors and exemplary risk values for

customizing an orientation and/or activity monitoring algorithm according to some
embodiments;
[75] Figure 13 illustrates an exemplary user interface for orientation risk monitoring

according to some embodiments;

[76] Figure 14 illustrates an exemplary user interface for activity risk monitoring;
[77] Figure 15 illustrates another exemplary method according to some embodiments;
and

[78] Figure 16 illustrates a table and plot illustrating the exemplary relationship

between risk coefficients and gestational age.

DETAILED DESCRIPTION
[79] The subject matter of embodiments of the present invention is described here with
specificity, but this description is not necessarily intended to limit the scope of the claims. The
claimed subject matter may be embodied in other ways, may include different elements or steps,
and may be used in conjunction with other existing or future technologies. This description
should not be interpreted as implying any particular order or arrangement among or between
various steps or elements except when the order of individual steps or arrangement of elements is
explicitly described.
[80] Many embodiments of the invention provide systems, devices, and methods to
track abdominal orientation and provide clinically relevant feedback to the patient and/or
physician in order to prevent, avoid, or reverse diseases or conditions that are related to
abdominal position.
[81] Some embodiments provide for a wearable device for capturing abdominal
orientation data and delivering feedback to the user. The device may include 1) one or more

sensors which determine the spatial orientation of the user’s abdomen (e.g., relative to the
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direction of Earth’s gravity); 2) a microcontroller that receives and stores orientation data from
the sensors and estimates the level of clinical risk over various time scales based on the
abdominal orientation, and 3) a communication device and/or output which conveys periodic
updates and alerts to the user on their current risk level.

[82] Embodiments of the present invention may calculate the risk associated with a
plurality of abdomen positions and perform a calculation based on the accumulated risk of each
of the plurality of positions over a period of time. There may be high risk and low risk positions
but since it is an accumulated calculation, there may be no positions that are off limits. Some
positions may be tolerated longer than others. For example, a pregnant woman’s IVC may be
temporarily occluded if she lies in the supine position. If she only spends a few seconds in that
position and then rolls over on her side, blood flow will resurne and she will be fine; however, if
she continues to move back to the supine position repeatedly, blood flow may be restricted to a
variety of abdominal organs and she could be at risk for either an acute organ dysfunction, or a
profonged stress that leads to a chronic organ dysfunction or failure. Accordingly, some
embodiments of the present invention estimate the pressure, mechanical force, and/or impulse
placed on intraabdominal organs over short time periods (e.g., seconds, minutes, or the like)
andfor over very long time periods {e.g., months) and may alert or notify patients and/or
chinicians if patients are experiencing too much cumulative pressure on their organs and tissues,
[83] Advantageously, some embodiments of the systems, devices, and methods may be
customized for different patients. For example, different women with different physical
attributes or severities of disease may benefit from systems, devices, and methods utilizing
specialized programs. In some embodiments, the risk assessment and type of feedback provided
by the device may be influenced by a number of factors. For example, some factors that may be
accounted for include the user’s height, weight, age, age of gestation, blood pressure, diagnostic
test results (genetic tests, blood tests, urine tests, etc.), time since diagnosis, prior number of
device alerts, and/or the doctor’s or patient’s preference on the restrictiveness of their daily
activities. Accordingly, in some embodiments, one or more of these factors may be inputted to
create a customized algorithm for individual patients. As an example, one patient might have
preexisting hypertension, be obese, be at 35 weeks of gestation, and have a positive diagnostic
result for genetic predisposition to preeclampsia. Once these factors are input into the algorithm,

the systems, devices, or methods may calculate that the patient is at higher risk for preeclampsia
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and may then provide alerts to the patient that are appropriate for higher risk patients. For
example, a customized device or system may be more sensitive for higher risk patients — alerting
the patient even when the patient has not spent a lot of time in positions that are highly
contributive to pressure on intraabdominal organs. In another example, some embodiments may
determine that a young, healthy woman at 20 weeks of gestation is at a lower risk for
preeclampsia and may then provide alerts to the patient that are appropriate for lower risk
patients. Accordingly, the patient may receive no warnings even when the patient has spent a
similar amount of time in similar positions as the higher risk patient.

[84] In some embodiments, daily reports may be generated and outputted to the patient
and/or clinician. For example, the reports may notify a patient that she was not at high risk and
does not need to alter her daily activities or abdominal position from her current normal daily
routine.

[85] In some embodiments, clinical recommendations may be provided to a patient or
clinician. For example, some systems and devices may be configured to suggest that the patient
check their blood pressure, take a proteinurea test, or check in with their doctor.

[86] As preeclampsia may take months to develop, some embodiments may be
configured to provide feedback during extended periods of time to ensure the intraabdominal
region is not subject to preeclampsia-inducing levels of pressure over time, thus preventing the
syndrome from beginning, preventing it from progressing further, and/or reversing it.

[87] Some embodiments prevent fetal hypoxia by limiting the amount of time that
blood flow is restricted to the placenta and fetus. Since fetal hypoxia results in children with
decreased 1Q and increased likelihood of learning disabilities, some embodiments could improve
cognitive abilities of children.

[88] While the above examples are generally discussed with reference to avoiding
preeclampsia and other complications of pregnancy, it should be understood that embodiments
disclosed herein may be applicable to preventing other conditions as pressure on abdominal
veins and organs can be harmful outside of pregnancy as well. In some circumstances, people
with idiopathic intracranial hypertension (IIH) who have severe intractable headaches which
often do not respond to standard pharmacotherapy may benefit from embodiments disclosed
herein. IIH occurs almost exclusively in obese patients which large amounts of abdominal fat.

Research has shown that lifting this fat tissue away from the center of the body may relieve
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adverse symptoms in some patients. Accordingly, some embodiments of the invention may
provide positional feedback to prevent the severe headaches from forming.

[89] In some embodiments, a sensing device may measure patient position and may
send that data in real time or periodically (e.g., every few hours) to the patient’s phone or other
Wi-Fi/Bluetooth device.

[90] In some embodiments, algorithms may use physics and clinical approximation to
determine how much pressure has been placed on a patient’s IVC. In further embodiments, the
algorithm may use geometric approximations of the belly size, shape, and constitution in order to
predict how much force due to gravity (or movement) is applied to various areas of the
intraabdominal space.

[91] Some embodiments may involve taking actual patients in different positions and
using imaging techniques and empirical observation to determine how much pressure is applied
to the intraabdominal space for different positions. This empirical data may then be used to
construct an algorithm. This algorithm may be continually updated over time as more empirical
data is gathered.

[92] In some embodiments, position and activity data may be transmitted to a doctor
or other care provider so the doctor knows how compliant the patient has been with instructions
for bed rest or reduced activity.

[93] In some embodiments, the device may be placed on the shoulder, neck, chest,
abdomen, hip, or other area near the abdomen that moves in a similar manner to the abdomen.
[94] In further embodiments, the device may be placed on the arm, wrist, leg or other
area remote from the abdomen, and a more complex algorithm may be used to approximate
abdominal position and activity.

[95] In further embodiments, the device may be placed in the vagina.

[96] In further embodiments, one or more sensors may be placed on or near the
abdomen to detect abdominal position, and one or more sensor may be placed on an extremity to
detect activity type and level.

[97] In some embodiments, the device may be attached to patient clothing.

[98] In some embodiments, the device has a very low profile so it cannot be easily

seen through clothes if it is on the body.

15



10

15

20

25

30

WO 2015/148018 PCT/US2015/016540

[99] In some embodiments, the user stands straight up or sits upright and presses a
button to calibrate the device.

[100] In some embodiments, the device may have a heat sensor. If the heat sensor
detects the device is not on the body, it may require the patient to recalibrate the device once in
contact with the body again. This may prevent a patient from “gaming” the system and also may
prevent incorrect position or activity data to result from failure to recalibrate if the device is
temporarily removed or adjusted.

[101] In some embodiments, the device may be used prophylactically to prevent various
medical conditions from developing. These conditions include preeclampsia, hypertensive
pregnancy, idiopathic intracranial hypertension and a host of other diseases and conditions
referenced in this invention.

[102] In some embodiments, the device requires recalibration if a minimal level of
movement or vibration is not detected over asset period of time.

[103] In some embodiments, the doctor or care provider can communicate directly to
the patient via the device. This may include recommendations to lower activity or change
positions based on data the doctor receives from the device, or may include communication
unrelated to the data generated by the device.

[104] In some embodiments, the algorithm may leverage the network effect of gathering
lots of data from different users to hone the algorithm.

[105] In some embodiments, the algorithm may be sensitive to total accumulated load
vs. length of time per incident. For example, in some embodiments, the algorithm may be based
on an understanding that it is clinically preferable to apply pressure to abdominal veins 100 times
for 1 min each as compared to 1 time for 100 min.

[106] In some embodiments, the device provides specific advice, such as, "go on hands
and knees for 2 min" or "don’t lean back so far" vs. a generic uniform “poor position” alert.
[107] In some embodiments, different parts of the abdomen may be used for orientation
calculations including belly button or estimated center of gravity

[108] In some embodiments, the device estimates of the center of gravity of the soft
tissue in relationship to the musculoskeletal system. In some embodiments this may be done with
2 sensors (one on soft tissue (e.g., belly button) and one on skeleton (e.g., sternum)). In further

embodiments, just one sensor may be used which requires empirical or theoretical data to
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determine where abdominal soft tissue would be expected to be in relationship to interior vessels
or other tissues/organs, depending on the age of gestation, height and weight, and number of
fetuses etc.

[109] In some embodiments, a number of impulse vectors on different organs and
tissues may be estimated by the device.

[110] In some embodiments, the global intraabdominal pressure or regional
intraabdominal pressures are estimated by the algorithm.

[111] In some embodiments, the device captures various activities like running, driving,
etc. and assigns specific values to those which are different for near term and long term analysis.
For example, in some embodiments, the device alerts a woman to take a break after 10 minutes
of jogging or 30 min of walking, but the algorithm views those short duration as net positives
over the period of days or weeks.

[112] In some embodiments, the algorithm views an activity as beneficial for abdominal
health initially but later views it as detrimental to health after a certain threshold time. For
example, in some embodiments, walking may be initially viewed as beneficial, but reaches an
inflection point at 30 minutes, at which point, it may be viewed as detrimental.

[113] In some embodiments, the device alerts the user as to when they should take daily
aspirin to prevent preeclampsia.

[114] In some embodiments, the mechanism of action that induces preeclampsia may be
the compression of abdominal sympathetic nerves or arterial system, rather than, or in addition
to, the venous system.

[115] In some embodiments, the device may be diagnostic as well as therapeutic. The
device may use data mining to determine which activity profiles more often lead to
preeclampsia. The device may then warn patients to be extra vigilant who have similar
activity/orientation profiles.

[116] In some embodiments, the daily % compliance with bed rest and/or reduced
activity may be sent to the patient and/or doctor.

[117] In some embodiments, the application or software for the device may comprise a
comprehensive diagnostic and therapy system that suggests a variety of tests and treatments for
pregnant women. In some embodiments, based on a patient’s risk profile, the app suggests the

patient get a diagnostic test (blood protein markers or genetic based) to see if they are at high risk
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for any pregnancy diseases. Manual patient data inputs, diagnostic test results, as well as
position and activity monitor data may all feed into one comprehensive algorithm that
continually assesses a patient’s estimated risk for disease initiation and progression and offers
feedback to help manage risk.

[118] Figure 1 illustrates an exemplary device 10 according to some embodiments of
the present invention. The device 10 may include a microcontroller (processor) 12 coupled with
one or more sensors 14. The device 10 may be powered by a rechargeable battery 16. Data
storage 18 may be provided to store computer software executable by the microcontroller 12 and
the received sensor data from the one or more sensors 14. The device 10 may further include a
wireless interface 20 for interfacing with other devices (e.g., smart phone, computer, etc.).
Device 10 may further include an audio/visual/tactile feedback device 22 for outputting signals
to a device user. LED status indicators 24 may also be provided.

[119] Device 10 may be a wearable device for capturing abdominal orientation data and
delivering feedback to the user. The device 10 may provide precision tracking of both fast and
slow motions of the user. In some embodiments, the device 10 may provide altitude tracking,
pressure readings, temperature readings, and/or user pedometer readings.

[120] The microcontroller 12 may be configured to receive and process the sensor data
from the one or more sensors 14. In many embodiments, the microcontroller 12 may be
configured to monitor user activity to identify risks associated with certain levels of activity to
the user. In many embodiments, the microcontroller 12 may be configured to monitor user
orientation to identify risks associated with certain user orientations. Optionally, the
microcontroller 12 may be configured to transmit the sensor data from the one or more sensors
14 to a processor housed separately from the device 10 for data analysis at the separate
processor. This may be beneficial when increased processing power is desired and/or when
reducing a footprint of device 10. The separate processor may be a portable electronics device
(e.g., PDA, smartphone, tablet computer, watch, or the like) of the user, a desktop computer (a
personal computer of the user, a clinician’s computer), etc.

[121] The one or more sensors 14 may include accelerometers, gyroscopes,
magnetometers, infrared/temperature sensors, pressure sensors, and/or combinations thereof. In
some embodiments, the one or more sensors 14 may be 3-axis sensors (e.g., 3-axis gyroscopes,

3-axis accelerometers, 3-axis magnetometers, etc.). Optionally, the one or more sensors 14 may
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comprise a plurality of single axis sensors (e.g., one or more of: x-axis gyroscopes, y-axis
gyroscopes, z-axis gyroscopes, x-axis accelerometer, y-axis accelerometer, z-axis accelerometer,
X-axis magnetometers, y-axis magnetometers, z-axis magnetometers, etc.).

[122] For example, in some embodiments, device 10 may feature a user-programmable
gyroscope full-scale range of 250, +500, £1000, and +2000 °/sec (dps). In some embodiments,
device 10 may feature a user-programmable accelerometer full-scale range of 2 g, +4 g, +8 g,
and £16 g. In some embodiments, device 10 may feature a magnetometer full-scale range of
+4800 uT. Device 10 may further include analog-to-digital converters for digitizing the output
from the one or more sensors 14 for data recording and analysis.

[123] In some embodiments, the one or more sensors 14 may include an infrared sensor.
The infrared sensor may be configured to provide data that is indicative of when the device 10 is
being worn by the user. Optionally, the processor 12 may signal a device alert to signal
insufficient coupling of the device 10 to the user based on received infrared data from an infrared
sensor. In some embodiments, the processor 12 may trigger a device sleep mode, power saving
mode, or off mode when the infrared sensor data indicates that the device 10 is decoupled from
the user.

[124] In many embodiments, the one or more sensors 14 may provide force data (e.g.,
Fx, Fy, F,) and/or orientation data (e.g., a recline angle 0, a side tilt angle ¢) to the
microcontroller 12 for processing. Exemplary processing algorithms are discussed further
below.

[125] The rechargeable battery 16 may be an Li-ion battery for example. The battery 16
may be recharged via a Universal Serial Bus (USB) port, mini-USB port, micro-USB port or the
like.

[126] Wireless interface 20 may provide wireless connection to smartphones, tablets, or
other mobile devices. For example, in some embodiments, data may be stored on the device 10
and transmitted for processing at a later time. Alternatively, the device 10 may transmit the data
in substantial real-time to a user’s personal electronics device for data processing. In some
embodiments, the wireless interface 20 may be a Wi-Fi or Bluetooth wireless interface.

[127] The feedback device 22 may be one or more displays, light indicators, speaker(s),
and/or vibration motor(s) for outputting signals to a device user. For example, a display may

display risk scores, orientations, activity levels, etc. to a user.
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[128] Additionally or alternatively, light indicators may provide a meter output. For
example, light indicators may be a row of five lights that progressively light up to provide a
warning to a user. Optionally, the light indicators may provide various color outputs for
different degrees of warning (e.g., green, yellow, red, etc.).

[129] The feedback device 22 may also provide an audio output. For example, the
feedback device 22 may provide beeping warnings or vocal feedback/suggestions to the user.
The feedback device 22 may also provide a haptic feedback with a vibration motor.

[130] LED status indicators 24 may signal power status, battery status, Wi-Fi status,
Bluetooth connectivity status or the like.

[131] Figure 2 illustrates an exemplary wearable device 10 for tracking abdominal
orientation and/or activity which attaches to a user by straps 26. The device 10 may be strapped
to the body with elastic, Velcro, or other straps. The straps 26 may be adjustable and may couple
to the device 10 and/or to each other via buckles, clasps, fasteners, buttons, or the like.

[132] Figure 3 illustrates the exemplary wearable device of Figure 2 placed on and
attached to a user at an exemplary location. In many embodiments, the device 10 may be
strapped to a position above the user’s belly button. While this position may be preferred for
some implementations, it should be understood that other mounting positions are possible.

[133] Figure 4 illustrates an exemplary system for tracking abdominal orientation and/or
user activity including the exemplary wearable device of Figure 2 in combination with another
exemplary wearable device for tracking abdominal orientation and/or user activity (which may
be identical to the exemplary wearable device illustrated in Figure 2). Device 11 may be
strapped or otherwise attached near the user’s sternum. In the illustrated system, the two
wearable devices 10, 11 may cooperate to provide additional sensor data. The additional sensor
data from device 11 may provide more accurate results when monitoring user orientation and/or
user activity.

[134] Optionally, the device 10 may adhere to the user with an adhesive to stick to the
user’s skin. Figure 5 illustrates an exemplary wearable device 10 for tracking abdominal
orientation and activity which attaches to a user by an adhesive back 28. The adhesive back 28
may be a medical grade skin adhesive.

[135] Figure 6 illustrates the exemplary wearable device 10 of Figure 5 placed on and

attached to a user at an exemplary location. The device 10 may be adhered to a position centered
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above the user’s belly button. Optionally, it may be positioned between the user’s belly button
and the user’s sternum. It may be preferable in some embodiments for the sensor to be flat
against the body along the symmetry line of the body. Accordingly, the sensor device may be
placed on the belly button, on top of the belly, or anywhere along the sternum. In other
embodiments, the device may be placed on a non-centerline position but may require a two-step
calibration where the body is in two distinct orientations so that the device would know which
direction is “forward” and which was “backward”.
[136] In some embodiments, the device 10 may be attached to human skin using Velcro
where one Velcro strip is attached to the device 10 and the other Velcro strip had adhesive for
attachment to the skin (e.g., medical grade skin adhesive). In such a configuration, the device 10
may be easily removed and reattached to the body. The Velcro strip on the skin may remain on
for longer durations of time (hours to days) depending upon the preference of the patient.
[137] Optionally, the components of device 10 may be distributed so they are in the
same plane and spread out over a larger surface area. This may allow the device to have a lower
profile or even integrated into a user’s clothing or attached thereto. This may help secure the
device 10 to a fixed orientation so that the device 10 may not need recalibration due to
unintended reorientation of the device 10 on the body.
[138] In some embodiments, the housing of device 10 may be flexible so as to conform
to the curvature of the user’s body. Optionally, the housing of device 10 may be rigid but may
include a curved inner surface (i.e., the surface closest to the user) that generally approximates
the curvature of the user’s belly.
[139] As discussed above, the sensor data may include force data and orientation data.
The force data may be Fy, Fy, F, force data. The orientation data may be a recline (pitch) angle
(0) and a side tilt (roll) angle (@).
[140] Orientation in 3 dimensions may be defined as follows:
x = g’s of force from x-sensor (axis of person’s left hip to right hip)

y = g’s of force from y-sensor (axis of feet to head)

z = g’s of force from z-sensor (axis of back to front)
[141] The recline angle (theta) and sideways tilt angle (phi) may be calculated with the
following equations:

r = sqrt(x"2 + y*2 +z"2)
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phi (¢) = arctan(x/y) * 180°/n
theta (8) = arctan(z/y) * 180°/n
[142] Figure 7 illustrates an exemplary coordinate system for the user and the device.
Forces along the user’s left to right side may be represented by measured forces along the x-axis
(left side to right side of the device). Forces along the user’s vertical axis (e.g., feet to head) may
be represented by measured forces along the y-axis (bottom of the device to the top of the
device). Forces from the user’s back to front may be represented by measured forces along the z-
axis (front surface to back surface of the device).
[143] Also illustrated, rotation values around the x-axis (called the recline angle and
represented by 0) may range from lying face down to sitting/standing straight up to lying face up.
Further, rotation values around the z-axis (called the side tilt angle and represented by ¢) may
range from lying on the left side to sitting/standing straight up, to lying on the right side. It
should be understood that the illustrated coordinate system is exemplary and not limiting.
[144] In some embodiments, the device may be calibrated by standing and calibrating
the device so that forces in the x-axis and z-axis are equal to 0 and forces along the y-axis equals
1. Optionally, the calibration procedure may provide a brief pause (e.g., 1-5 seconds) between
when the user presses a calibration start button and when the calibration calculations begin in
order to allow the user to get into a preferred position.
[145] The calibration may be performed by taking the average of each of the x, y, and z
values over a time or measurement period (e.g., last 10 measurements or last 1-10 seconds) and
checking to see if values of each of the x, y, and z variables are relatively unchanged. If
unchanged, the calibration constants may be recorded. For example, if measurements are
received at 0.1 second increments, at 0.1 seconds, a first data point may be recorded (x;,y;, z1), at
0.2 seconds, a second data point may be recorded (x», y2, z2) and so on over the calibration time
period (1-10 seconds for example). The new data point generated every 0.1 seconds may be put
into a new variable (e.g., Xpew> Ynew> Znew). At every 0.1 second increment, the calibration
algorithm may check if the subsequently received values are within a desired percentage (1-5%)
of the initial reading (e.g., X1, y1, z1). For example, the algorithm may check to see if the new
variables are within 2% of the initial reading:
0.98 * Xpero <x1 < 1.02 * Xpers

0.98 = Vuew < Y1 < 1.02 * View
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0.98 * Zper, <21 < 1.02 * Zpery
[146] If the equation is satisfied, it may continue to the next measurement. If at any
point, any of the values are not within the desired percentage, the calibration sequence may
restart with a new initial reading (e.g., X, y1, z;). When the calibration time period (1-10
seconds for example) passes without any of the x, y, or z values fluctuating more than the desired
percentage (e.g., 2%), the calibration constants may be recorded and an orientation calibration

may be performed where:

z
cal.theta = arctan <—1>
Y1

. X1
cal.phi = arctan <—>

Y1
[147] Variables cal.theta and cal.phi may be subtracted from the raw theta and raw phi
values.
[148] In some embodiments, the following alternate xyz plane is defined as:
y = g’s of force from y-sensor (axis of person’s left hip to right hip)

x = g’s of force from x-sensor (axis of feet to head)

z = g’s of force from z-sensor (axis of back to front)
[149] In some embodiments, the phi and theta equations are modified in order to

stabilize the functions where:
r = sqrt(x"2 + y*2 +z"2)
phi (¢) = arctan(y/sqrt(x"2+z"2)) * 180°/n
theta (8) = arctan(-x*(sign of z)/sqrt(z"2+ u*y”*2) ) * 180°/n
where u is a constant with a preferred range between .001 and .3, and where “sign of z” simply
inserts a negative 1 when z is negative and a positive 1 when z is positive.
[150] Figure § illustrates an exemplary operational flow 100 according to some
embodiments of the device 10. Sensor data may be received 102. From the sensor data, a
processor may determine if the sensor data is indicative of significant user activity 104. If the
sensor data is indicative of significant user activity, the processor may further analyze the sensor
data to monitor user activity and determine activity risk with an activity risk algorithm 106.
Based on the monitoring 106, the processor may output feedback to a user 108. When the sensor
data is indicative of a user not engaged in significant activity, the processor may analyze the

sensor data to monitor user orientation and determine orientation risk with an orientation risk
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algorithm 110. Based on the monitoring 110, the processor may output feedback to a user 108.
Additionally, in some embodiments, the processor may be configured combine a time series of
orientation risk values obtained from algorithm 110 and a time series of activity risk values
obtained from algorithm 106 to generate a continuous time series of risk values 111. The
continuous time series of risk values may then be used to determine a daily cumulative risk 112
over an extended time period (e.g., 24 hours starting and ending each day at 3 a.m.). The daily
cumulative risk may be a function of the risk values obtained from the monitoring 106 and/or the
monitoring 110. The processor may output feedback 108 per the daily cumulative risk
determination 112. Further, in some embodiments, the continuous time series of risk values may
be used to calculate a cumulative risk score 113 which may then be compared to a cumulative
risk threshold as will be discussed further below.

[151] While generally illustrated with orientation monitoring algorithms, activity
monitoring algorithms, daily risk algorithms, and cumulative risk algorithms, it should be
understood that embodiments may have one, some, or all of the functionality described above.
Many embodiments may implement all of the functions, but other embodiments may be
configured to only monitor user activity risk or only monitor orientation risks or other sub
combinations of functions.

[152] As discussed above, the sensor data received 102 may include force data and
orientation data. The force data may be F, Fy, F, force data. In some embodiments, the force
data may be used to determine when the user is engaged in significant activity and for how long
the user is engaged in significant activity. The force data may also be used to identify activity
risk values to provide a cumulative activity risk over a period of time.

[153] Figure 9 illustrates an exemplary method 200 for monitor orientation risks 110.
As mentioned above, it may be preferable to monitor user orientation only when it is determined
that the user is not engaged in significant activity. At step 202, orientation sensor data is
received. Based on the received orientation sensor data, a determination of an orientation risk
value can be made 204. Steps 202 and 204 may be repeated for a continuous stream of
orientation sensor data to generate a time series of orientation risk values 206. From the time
series of orientation risk values, a cumulative orientation risk value may be calculated 208. The
cumulative orientation risk value may then be compared to an orientation risk threshold 210.

Feedback may then be outputted to the user 212 based on the comparison of the cumulative
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orientation risk value to the orientation risk threshold. Optionally, the method 200 may further
include receiving patient data 214. An orientation risk threshold may be calculated or adjusted in
response to the received patient data 216 to provide a customized orientation risk threshold. This
customized orientation risk threshold may be used in the comparison 212.
[154] The orientation data may be a recline angle (8) and a side tilt angle (¢). Each
combination of 6 and ¢ may correspond to an “Instant Position Risk Score.” For example, this
score may range from 0-1 (or scales thereof) where 1 may be indicative of the most dangerous
orientation. Continuing with the exemplary scale, in some embodiments, oriented face down
(while not lying on the stomach) may be valued at 0-0.05, preferably about 0.03; leaning forward
at 45 degrees may be valued at 0.05-0.10, preferably about 0.08; standing straight up may be
valued at 0.08-0.12, preferably about 0.10; leaning back at 45 degrees may be valued at 0.35-
0.45, preferably about 0.4; and lying on back may be valued at 1.0. Figure 10A illustrates
exemplary orientation risk values for combinations of phi and theta. These orientation risk values
may be stored as a look up table and accessed by the processor to associate orientation risk
values to received orientation data. Alternatively, the processor may implement orientation risk
value equations to calculate the orientation risk values.
[155] For example, in the illustrated table of orientation risk values, six constants are
provided: risk value for laying on the left side (“left side risk™ i.e., when phi is equal to -90
degrees), risk value for laying on the right side (“right side risk” i.e., when phi is equal to 90),
risk value for a headstand (“headstand risk™ i.e., when theta is 180 or -180 and phi is 0), risk
value for flat on stomach (“on stomach risk” i.e., when theta is -90 and phi is 0), the risk values
for reclining by more than -90 degrees when not tilted sideways (“recline by more than -90 risk”
i.e. when theta is between -90 and -180 and phi is 0), and risk value for standing upright
(“standing risk” i.e., when theta is O and phi is 0). These constants may be defined by a clinician
and may be adjusted for fine tuning the orientation risk values in the matrix (e.g., to provide
customized risk values specific for the patient). The remaining risk values may be determined
based on the six defined constants.
[156] In the exemplary matrix the six constants may be defined as follows:
Tiskiefrt sige = 0
riskyignt sige = 0.3

TiSkneqastana = 1.0
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risksiomacn = 0.01

risk_go<reciine<—180 = 1.0

risksianaing = 0.1

[157] These constant values are exemplary for monitoring preeclampsia and may be
adjusted.
[158] In the illustrated table, when the user is reclined backward by between -90 and -

180 degrees (-90 > theta > -180) and tilted to the left (phi is between 0 and -90), the risk value
may be calculated by:

. . . . . (TP
risk = nSkleft side T (1 - rlSkleft side) * rlSk—90<recline<—180 * [1 4 sin (@)

[159] When the user is reclined backward between 0 and -90 degrees or -90 degrees
(i.e., 0 < theta <-90), and tilted to the left (phi is between 0 and -90), the risk value may be
calculated by:

risk = riSkleftside + (1 - riSkleftSide)

, ) 47} T
# | Tiskstanaing + (1 - rlSkstanding) * <1 — cos <@>> * |1+ sin (@)

[160] Further, when the user is recline backward or flat on his/her back (i.e., O< theta <

-90 and phi is 0), the risk value may be calculated by:

o
risk = riSkstanding + (1 - riSkstanding) * <1 — COS <@>>

[161] When the user is not reclined or leaning forward (i.e., theta is 0) and is tilted to
the left (phi between 0 and -90 degrees), the risk value may be calculated by:

risk = risksianding

* (TiSkzeft sige + (1 — riskiegt side)

. _ o . (T
* <r15kstanding + (1 - rlSkstanding) * (1 —cos <@>> * 1+ sin (@))

[162] When the user is leaning forward but not inverted (i.e. 0 < theta < 90) and phi is 0,

the risk value may be calculated by:

. . _ 1%
risk = (riskstomach = TiSkstanaing ) * €0S <180>
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[163] When the user is leaning forward but not inverted (i.e. 0 < theta < 90) and tilted to

the left (phi is between 0 and -90), the risk value may be calculated by:

. . . . . —10
risk = nSkleft side T (1 - rlSkleft side) * ((rlSkstomach - nSkstanding) * COS <m>>

. (TP
* (1 + sin (@))
[164] When the user is leaning forward by more than 90 degrees (i.e., 180 > theta > 90)

and phi is 0, the risk value may be calculated by:

Y[(42)
180

[165] When the user is flat on their stomach (theta = 90) and tilting to the left (O > phi >

risk = nSkstomach +(r15kheadstand - rlSkstomach) * <_ Cos ) * rlSkheadstand

-90), the risk value may be calculated by:

. . . . . (TP
risk = riskiefs sige + (1 — Tiskiese side) * TiSkstomach * (1 + sin (@))
[166] When the user is leaning forward by more than 90 degrees (i.e., 180 > theta > 90)
and tilting to the left (0 > phi > -90), the risk value may be calculated by:

risk = riSkleftside + (1 - riSkleftSide)

* <r15kstomach +(r15kheadstand - nSkstomach) * <_ Cos ) * 7qS“kheadstand)

180
. (TP
* 1+ sin (@)
[167] When the user is tilting to the right side (0 > phi > 90), the risk value may be the

risk value at an equivalent position when tilting to the left (riskief; equivatent) that factors in the right
side risk. For example, in the illustrated matrix, when the user is tilting to the right side (0 > phi

> 90), the risk may be calculated by:

. . (PN
risk = nSkleft equivalent + sin (@) * nSkright side
[168] Thus, when the user is reclined backward by between -90 and -180 degrees (-90 >

theta > -180) and tilted to the right (0 > phi > 90), the risk value may be calculated by:

R . ) VAL
risk = nSkleft side T (1 - rlSkleft side) * TiSk_go<reciine<—180 * |1 + sin (@)

_(TPNE
+ sin (@) * TiSKright side
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[169] When the user is reclined backward between 0 and -90 degrees or -90 degrees
(i.e., 0 < theta <-90), and tilted to the right (0 > phi > 90), the risk value may be calculated by:

risk = (riSkleftside + (1 - riSkleftside)

, ) o /T
# | Tiskstanaing + (1 - rlSkstanding) * <1 — cos <ﬁ>> * |1+ sin (@)

_(TPNE
+ sin (@) * TiSKrigne side

[170] When the user is not reclined or leaning forward (i.e., theta is 0) and is tilted to

the right (0 > phi > 90), the risk value may be calculated by:

risk = (riskstanding

* (TiSkleft side T (1 —riskiert side)

. _ vl . (T
* <r15kstanding + (1 - rlSkstanding) * (1 —cos <@>> * 1+ sin (@))

_(TPNE
+ sin (@) *TiSKrignt side

5 [171] When the user is leaning forward but not inverted (i.e. 0 < theta < 90) and tilted to

the right (0 > phi > 90), the risk value may be calculated by:

| | . _ _ -8
risk = (TlSkleft sige T (1 = TiSKiee siae ) * ((HSkstomaCh = Tiskstanaing) * €0S <180 >>

(T AN
* (1 + sin (@))> + sin (@) * Tiskyignt side
[172] When the user is flat on their stomach (theta = 90) and tilting to the right (0 > phi

> 90), the risk value may be calculated by:

s P \?
risk = (TiSkzeftside + (1 — Tiskiese side) * TiSKstomach * (1 + sin (1—;’)))> + sin (%)

* riSkright side
[173] When the user is leaning forward by more than 90 degrees (i.e., 180 > theta > 90)
10 and tilting to the right (0 > phi > 90), the risk value may be calculated by:
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risk = (riSkleftside + (1 - riSkleftside)

* <r15kstomach +(nSkheadstand - nSkstomach) * <_ Cos ) * nSkheadstand>

* /1 + sin (%)) + sin (%)2 * TisKrigne side

[174] While these exemplary functions, constants, and constant values are provided, it

180

should be understood that embodiments of the invention are in no way limited to the above
functions and the exemplary constants or the exemplary constant values. As stated, the
orientation risk values and equations may be customized or refined upon further clinical analysis.
Optionally, as discussed above, look up tables may be used to associate risk values with
orientation data. Additionally, it should be understood that other risk scales may be used. The
exemplary 0-1 scale is provided for example only and is non-limiting.

[175] Thus, based on the received orientation sensor data, a determination of an
orientation risk value can be made 204. A time series of orientation risk values 206 may be
determined as the sensor data is received. From the time series of orientation risk values, a
cumulative orientation risk value may be calculated 208. The cumulative orientation risk value
may be a moving average of the risk scores. For example, the cumulative orientation risk value
may be the average of a subset of the time series of orientation risk values (e.g., the last 30
seconds — the last 1000 seconds of orientation risk values). In a preferred embodiment, the
cumulative orientation risk value may be the average of the last 300 seconds of orientation risk
scores. As the device receives the newest orientation risk score, it may discard the oldest, so that
the most recent 300 seconds worth of orientation risk scores are always averaged to into the
cumulative orientation risk value.

[176] The cumulative orientation risk value may then be compared to an orientation risk
threshold 210. In some embodiments, the orientation risk value may be compared to a first
threshold and a second threshold. The first threshold may be a medium risk threshold and the
second threshold may be a high risk threshold. For example, in some embodiments, the medium
risk threshold may be between 0.15-0.25, preferably 0.2, and the high risk threshold may be
between 0.35-0.45, preferably 0.4.

[177] Feedback may then be outputted to the user 212 based on the comparison of the

cumulative orientation risk value to the orientation risk threshold. For example, whenever the
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cumulative orientation risk value rises above the medium risk threshold, the device may deliver a
first feedback and whenever the cumulative orientation risk value rises above the high risk
threshold, the device may deliver a second feedback. The feedback may be audio, visual, or
haptic. In some embodiments, when the cumulative orientation risk value rises above the
medium risk threshold, the device may vibrate, beep, or flash once every two minutes until the
cumulative orientation risk value improves and drops below the threshold. If the cumulative
orientation risk value rises above the high risk threshold, the device may vibrate, beep, or flash
twice every thirty seconds until the cumulative orientation risk score drops below the high risk
threshold. The device may provide no feedback when the cumulative orientation risk score is
below the medium and high thresholds. Optionally, the device may provide a visual feedback
when the cumulative orientation risk score is below the medium and high thresholds (e.g., a
green indicator or the like).

[178] In some embodiments, the feedback may be a visual or audio feedback that
suggests to the user to change to a more preferable orientation. For example, if a user is
reclining on their back, an audio or visual feedback may suggest that they sit more upright, or
lean to their side or the like.

[179] The described feedback and thresholds are exemplary. It should be understood
that the feedback alerts may have any number of configurations and may be customized by a
clinician or a user.

[180] Further, the method 200 may further include receiving patient data 214 to adjust
or calculate one or more orientation risk thresholds 216. For example, user attributes or
pregnancy factors may increase or decrease orientation risks. Preexisting hypertension, multiple
pregnancy, user diabetes, body mass index, gestational age, may increase the risk associated with
undesirable orientations. Accordingly, these factors may be taken into account by adjusting the
orientation risk threshold value(s). This customized orientation risk threshold may be used in the
comparison 212. This aspect is discussed further below.

[181] Optionally, the factors may be taken into account by adjusting one or more of the
risk constants in the orientation risk algorithm. For example, Figure 10B illustrates an
alternative adjusted or customized preeclampsia matrix of orientation risk values for users with
incompetent cervix. In the exemplary matrix in Figure 10B uses the same underlying functions

of Figure 10A, but one or more of the six risk constants may be adjusted. Cervical incompetence
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is a medical condition in which a pregnant woman’s cervix begins to dilate and efface before her
pregnancy has reached term. Accordingly, it may be beneficial for persons diagnosed with
incompetent cervix to limit the amount of standing. Thus, the standing upright risk constant may
be adjusted higher (e.g., to 0.5) compared to the standing upright risk constant of Figure 10A to
adjust or customize the matrix of risk values specific to the needs of the user.

[182] Further, in some embodiments, the risk values or risk thresholds may be adjusted
based on a gestational age of the user. For example, a position risk coefficient for gestational
age may be provided. For example, the position risk algorithm may be adjusted to factor in a
gestation age. For pregnant users, different positions may become riskier the later in gestation,
so the following formula may be used for calculating a position risk coefficient to generate a
gestational age modified instant activity risk score (gam.inst.risk.act) (or a modify an associated

threshold), where gestational age is in weeks.

tanh (gest. age — 10)
Position Risk Coefficientgese gge = > + 0.5
[183] Figure 16 illustrates a table and plot showing the exemplary relationship between

risk coefficients and gestational age. This gestational age modifier algorithm is exemplary. As
this is only applicable to pregnant users, this modifier may be turned off or on by the user. Other
factors may be weighed as such as obesity, diabetes, multiple pregnancy, blood pressure, body
mass index, etc. Other factors that may affect the threshold risk value are discussed further
below.

[184] Figure 11 illustrates an exemplary method 300 for monitoring activity risks. At
step 302 force data is received. The total force experienced by the user may be determined from
the received force data 304. A time series of force data may be generated 306. Changes in force
may be determined using the time series of force data 308. The changes in force may be
compared to an activity threshold to determine whether the user is engaged in a clinically
significant level of activity 309.

[185] To monitor activity risks, an activity risk score may be associated with the
calculated force changes 310. A cumulative activity risk score may be calculated 312. The
cumulative activity risk score may be compared to an activity risk threshold value 314. Based on

the comparison, a feedback may be outputted to the user 316.

31



10

15

20

25

30

WO 2015/148018 PCT/US2015/016540

[186] Additionally, a duration of the user activity may be recorded for a period of time
318. A cumulative duration of the user activity over the entire time period may be compared to a
preferred amount of user activity 319. Based on the comparison, a feedback may be outputted to
the user 320.

[187] Similar to the orientation monitoring method described above, patient data may be
received 322 and the user data may be used to adjust or calculate the activity risk threshold value
324. Further, the user data may be used to adjust or calculate the preferred amount of user
activity 326. The customized activity risk threshold value 324 may be fed into step 314 for
comparison to the cumulative activity risk score. The customized preferred amount of user
activity 326 may be fed into step 319 for comparison to the cumulative user activity over the
time period.

[188] In some embodiments, the activity risk may be evaluated based on vigorousness
rather than by activity type. Vigorousness may be depended on the delta in g-force at any point
in time. As discussed above, the received force data may be F,, Fy, F, force data. In some
embodiments, the force data may be received at a frequency between 0.5-50 Hz and the received
data may be placed into memory for further analysis. Preferably, the data is received at least at a
frequency of 10 Hz. The total force experienced by the user may be determined from the
received force data 304 by adding the absolute values of Fy, Fy, and F, to generate total g-force.
[189] A time series of force data may be generated 306 and changes in force may be
determined using the time series of force data 308. For example, a subset of the time series of
force data may be defined and the minimum and maximum values may be extracted from the
subset to calculate the force change. For example, a subset may include increments of 15 force
values.

[190] The changes in force may then be compared to an activity threshold to determine
whether the user is engaged in a clinically significant level of activity 309. In embodiments
where the force data is received every 0.1 seconds, the force change may be calculated every 1.5
seconds to determine if activity is still occurring and if so, what level of vigorousness. The
average g-force when not moving will be ~1. For the exemplary algorithm, if the total g-force
regularly fluctuates from 0.75 to about 1.25 (or a delta of 0.5), over any 1.5 second span, the
algorithm may determine that the user is engaged in clinically significant activity. In some

embodiments, a number of thresholds may be used to identify different levels of activity. For
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example, when force changes = 0-0.3, the algorithm may determine that the user is not engaged
in activity. When the force changes = 0.3-0.75, the algorithm may determine that the user is
engaged in low activity. When the force changes = 0.75-1.25, the algorithm may determine that
the user is engaged in medium activity. When the force changes = 1.25-2, the algorithm m ay
determine that the user is engaged in high activity. When the force changes > 2, the algorithm
may determine that the user is engaged in dangerous activity. These values for vigorousness
levels are exemplary.

[191] A meter may be provided on the device, on a display of the device, or to a display
of a coupled mobile device. The meter may indicate the activity level by taking a moving
average of a subset of readings (e.g., the last two readings or the last three seconds of readings).
This may provide a more fluid activity meter. Optionally, a rate of change for the activity meter
may have an upper limit and a lower limit to limit the extreme changes in the activity meter and
to provide a more fluid activity meter reading.

[192] To monitor activity risks, an activity risk score may be associated with the
calculated force changes 310. An example activity risk algorithm may provide a relatively low
risk at low force changes (e.g., g-force change < 0.5) but may then sharply increase and as force
changes grows to 2 and higher the activity risk score may asymptote to 1. An exemplary activity

risk algorithm may be:

Il Il Il _0.5
activity risk = (Aforce + 0.1)125 t+1

[193] This activity risk algorithm is exemplary and non-limiting.

[194] A cumulative activity risk score may be calculated 312. The cumulative activity
risk value may be a moving average of the risk scores. For example, the cumulative activity risk
value may be the average of a subset of the time series of activity risk values (e.g., the last 30
seconds — the last 1000 seconds of activity risk values). In a preferred embodiment, the
cumulative activity risk value may be the average of the last 300 seconds of activity risk scores.
As the device receives the newest activity risk score, it may discard the oldest, so that the most
recent 300 seconds worth of activity risk scores are always averaged to into the cumulative

activity risk value.
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[195] The cumulative activity risk score may be compared to an activity risk threshold
value 314. In some embodiments, the activity risk value may be compared to a first threshold
and a second threshold. The first threshold may be a medium risk threshold and the second
threshold may be a high risk threshold. For example, in some embodiments, the medium risk
threshold may be between 0.15-0.25, preferably 0.2, and the high risk threshold may be between
0.35-0.45, preferably 0.4.

[196] Based on the comparison, a feedback may be outputted to the user 316. For
example, whenever the cumulative activity risk value rises above the medium risk threshold, the
device may deliver a first feedback and whenever the cumulative activity risk value rises above
the high risk threshold, the device may deliver a second feedback. The feedback may be audio,
visual, or haptic. In some embodiments, when the cumulative activity risk value rises above the
medium risk threshold, the device may vibrate, beep, or flash once every two minutes until the
cumulative activity risk value improves and drops below the threshold. If the cumulative activity
risk value rises above the high risk threshold, the device may vibrate, beep, or flash twice every
thirty seconds until the cumulative activity risk score drops below the high risk threshold. The
device may provide no feedback when the cumulative activity risk score is below the medium
and high thresholds. Optionally, the device may provide a visual feedback when the cumulative
activity risk score is below the medium and high thresholds (e.g., a green indicator or the like).
[197] The duration of the user activity may be recorded for a time period 318. The time
period may be a day, two days, a week, two weeks or the like. In some embodiments, it may be
preferable to record a cumulative duration of user activity over the course of a week. The
cumulative duration of the user activity over the entire time period may be compared to a
preferred amount of user activity 319. Based on the comparison, a feedback may be outputted to
the user 320.

[198] In some embodiments, patient data may be received 322 and the user data may be
used to adjust or calculate the activity risk threshold value 324 or to adjust an instant activity risk
score. For example, the activity risk algorithm may be adjusted to factor in a gestation age. For
pregnant users, exercise may become riskier the later in gestation, so the following formula may
be used for calculating an activity risk coefficient to generate a gestational age modified instant

activity risk score (gam.inst.risk.act), where gestational age is in weeks.
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tanh (gest. age - 20)

gam.inst.risk.act = + 0.5

2
[199] This gestational age modifier algorithm is exemplary. As this is only applicable

to pregnant users, this modifier may be turned off or on by the user. Other factors may be
weighed as such as obesity, diabetes, multiple pregnancy, blood pressure, body mass index, etc.
Other factors that may affect the threshold risk value are discussed further below.

[200] Further, the user data may be used to adjust or calculate the preferred amount of
user activity 326. For example, in some embodiments where the device is used to monitor
pregnant user activity, an age of gestation may be factored in to calculate or determine the
preferred amount of user activity. For example, early pregnancy (e.g., before 20 weeks of
gestation) may have a different preferred amount of user activity compared to a preferred amount
of user activity during late pregnancy (e.g., after 30 weeks of gestation). In some embodiments,
4 hours or less of intense physical activity per week before 20 weeks may be recommended.
Additionally, 2 hours or less of intense physical activity per week may be recommended for
pregnant women between 21-30 weeks. After 30 weeks, the device may be configured to
discourage any intense activity.

[201] In some embodiments, the algorithm may discourage long durations of moderate
activities and short durations of vigorous activities. In some embodiments, the feedback may be
configured to encourage certain low level activities like slow walking and may discourage more
vigorous ones like running. Advantageously, the activity monitor may remind patients to take
breaks throughout the day based on a schedule and/or based on the level of activity experienced
to that point that day.

[202] Optionally, the algorithm may have set adjustments to conform to levels of bed
rest. For example, the algorithm may be preprogramed to be switchable between modified
activity monitoring, scheduled rest monitoring, bed rest monitoring, and/or hospital bed rest. In
some embodiments, the algorithm may be configured to estimate blood pressure in the abdomen
or other parts of the body based on a level of activity for a set duration of time (e.g., three
minutes or the like). In some embodiments, the device may estimate blood pressure as a function
of recent user activity and orientation of the body as a whole. Optionally, the device may

estimate blood pressure as a function of the orientation of the abdomen relative to the IVC. This

35



10

15

20

25

30

WO 2015/148018 PCT/US2015/016540

blood pressure estimate may be feedback into the overall algorithm where the higher the blood
pressure, the lower the thresholds.

[203] In some embodiments, the time series of orientation risk scores may be combined
with the time series of activity risk scores to generate a continuous time series of risk values 111.
For many embodiments, the device may generate either an activity risk score or an orientation
risk score throughout the day (e.g., every second or more) to provide a continuous series of
activity and orientation risk scores.

[204] This time series of risk scores may then be used to calculate a cumulative daily
risk score 112. For example, in some embodiments, the daily score may start at 100 and drop by
an amount equal to 1/(60s * 60min * Hoursg,,)*100* “instant risk score” every second of the
day. The cumulative daily risk score equation is exemplary and non-limiting. The equation may
be tuned to revise/update the cumulative daily score more frequently (e.g., every tenth of a
second, every half a second, etc.) or less frequently (e.g., every two seconds, every five seconds,
etc.).

[205] The Hoursgy,y variable is the time duration over which the cumulative daily score
is calculated. In some embodiments, the Hoursy,y variable may be between 14-24 hrs, preferably
24 hrs. When the 24 hr duration is used, the device may be programmed to start recording the
cumulative daily risk value at 1:00-5:00 AM in the time zone of the user.

[206] After the cumulative daily health score is calculated, the score may be compared
to a daily risk threshold. In some embodiments, a low risk patient may aim to stay above 80, a
higher risk patient may aim to stay above 90 and a patient prescribed bed rest (for example) may
aim to stay above 95. These thresholds are exemplary and non-limiting. In many embodiments
the daily risk thresholds may be raised or lowered or otherwise customized for a user based on
user factors.

[207] The continuous time series of risk scores may also be used to calculate a
combined moving average risk score 113. Similar to the other cumulative risk scores, the
combined moving average risk value may be the average of a subset of the continuous time
series of activity risk values and orientation risk values combined (e.g., the last 30 seconds — the
last 1000 seconds of activity risk values). In a preferred embodiment, the combined moving
average risk value may be the average of the last 300 seconds of activity risk scores and

orientation risk scores. As the device receives the newest activity risk score or orientation risk
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score, it may discard the oldest score, so that the most recent 300 seconds worth of activity risk
scores and/or orientation risk scores are always averaged to into the combined moving average
risk value.

[208] The combined moving average risk score may be compared to a combined
moving average risk threshold value. In some embodiments, the combined moving average risk
value may be compared to a first threshold and a second threshold. The first threshold may be a
medium risk threshold and the second threshold may be a high risk threshold. For example, in
some embodiments, the medium risk threshold may be between 0.15-0.25, preferably 0.2, and
the high risk threshold may be between 0.35-0.45, preferably 0.4.

[209] Based on the comparison, a feedback may be outputted to the user. For example,
whenever the combined moving average risk value rises above the medium risk threshold, the
device may deliver a first feedback and whenever the combined moving average risk value rises
above the high risk threshold, the device may deliver a second feedback. The feedback may be
audio, visual, or haptic. In some embodiments, when the combined moving average risk value
rises above the medium risk threshold, the device may vibrate, beep, or flash once every two
minutes until the combined moving average risk value improves and drops below the threshold.
If the combined moving average risk value rises above the high risk threshold, the device may
vibrate, beep, or flash twice every thirty seconds until the combined moving average risk score
drops below the high risk threshold. The device may provide no feedback when combined
moving average risk score is below the medium and high thresholds. Optionally, the device may
provide a visual feedback when the combined moving average risk score is below the medium
and high thresholds (e.g., a green indicator or the like).

[210] When monitoring the orientation, activity, or a combination of the two, the device
may utilize multiple cumulative orientation risk values, cumulative activity risk values and/or
combined moving average risk values. Accordingly, in some embodiments, the device may
calculate two, three, four, or more cumulative orientation risk values and may separately
calculate two, three, four, or more cumulative activity risk values. Similarly, two, three, four, or
more combined moving averages may be calculated. For example, the device may employ
cumulative scores over multiple lengths of time (e.g., last 2 minutes, last 5 minutes, last 15
minutes, etc.). Further each of the cumulative values may be associated with a different

threshold clinical value tolerance before an alert is generated.
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[211] As discussed above and throughout, in many embodiments, the threshold values
used in the orientation risk algorithm, the activity risk algorithm, and/or the cumulative daily risk
algorithm may be raised or lowered and/or customized for users. These threshold values may be
adjusted based on patient risk factors including, but not limited to multiple pregnancy (twins,
triplets, etc.), obesity, hypertension, age of gestation, body mass index, etc.
[212] For example, in many embodiments, the patient may input etiological info and the
device and algorithm may be customized for them. For example, the device algorithm may
monitors position and activity differently depending upon stage of pregnancy and risk level.
[213] For example, the Overall Relative Etiological Risk (ore.risk) may be factored into
the medium risk and high risk thresholds discussed above to change the threshold at which
alarms are triggered. The ore.risk will typically be a value between ~.5 and 10 where .5 is a very
low risk patient, 1 is an average risk patient, and 10 is a very high risk patient.
[214] So, the medium risk and high risk thresholds may be modified by the ore.risk
value in order to create the new threshold alert levels. For example and etiological adjust
medium risk may be calculated by:

eti.adj. med. risk = med. risk / sqrt(ore. risk)
[215] For example, a Low risk patient may be skinny, with low blood pressure, and on

her 2™ pregnancy with an ore.risk score of .6.

eti. adj. med. risk = med. risk/sqrt(ore.risk) = —g= 26
[216] In a further example, a med (average) risk patient (thin, low blood pressure, 2™
pregnancy) with an ore.risk score of 1.
2
eti. adj. med. risk = med. risk/sqrt(ore.risk) = T= 2
[217] In yet another example, High risk patient (thin, low blood pressure, 2nd
pregnancy) with an ore.risk score of 9.
eti. adj. med. risk = med. risk/sqrt(ore.risk) = ? =.7
[218] As can be seen, the medium risk threshold for the alert to be triggered gets lower

as the patient becomes increasingly likely to develop preeclampsia. This means they would be

more frequently encouraged to lower their activity and remain in lower risk orientations.
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[219] The algorithm may take many other patient risk factors into consideration (twins,
obesity, hypertension, age of gestation, etc.) to customize the alert threshold for each patient.
The output of this risk etiological algorithm ranges between ~.5 and ~10 where 10 is most likely
to develop preeclampsia.

[220] A 2™ time mother who is thin and healthy might have a score of 0.7 whereas an
obese first time mother with chronic hypertension might have a score of 5.0. The Overall
Relative Etiological Risk (ore.risk) may be factored into the various risks calculated by the
device. The ore.risk may be calculated my multiplying all the relative exemplary risks together
in the exemplary table illustrated in Figure 12. The list of factors is exemplary and further the
proposed values are non-limiting. Table 1 illustrates a chart which may be used to inform the

patient what their risk level is for preeclampsia.

You have a preeclampsia risk less than
Low Risk Oto .8 the average woman
You have an average risk of
Medium Risk | .81to 1.5 preeclampsia
You have an elevated risk of
High Risk 1.51to3 preeclampsia
Very High You have a very high risk of
Risk 3.1 and higher | preeclampsia
[221] In many embodiments a user interface of the device may receive input from the

user of these pregnancy factors. For example, a software may ask the user to input the maternal
birth date. In response to the maternal birth date input, the device may be configured to take the
current date and subtract the maternal birth date to determine maternal age. As discussed above,
the maternal age may play a factor in the threshold calculations or customizations and the
preferred amount of cumulative user activity during a time period.

[222] Additionally, the user interface may request a height and weight of the user in
order to calculate body mass index. For example, the weight may be received in pounds and the
height received in feet and inches. The device may be configured to convert this input into BMI
units of kg/m”.

[223] Further, the device may be configured to request a due date input. The software
may calculate the current age of gestation (gest.age) in weeks. This may be used as a gestational

risk factor.
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[224] In some embodiments, the system may include a blood pressure cuff which
automatically syncs with the device software and records blood pressure readings. In some
embodiments, the blood pressure cuff may wirelessly couple with the device. Additionally, or
alternatively, the device may request patient blood pressure input. In some embodiments, the
device may periodically request users to take their blood pressure at certain times for input into
the device. The blood pressure readings then flow into the algorithm and the threshold levels
may be adjusted accordingly (e.g., lowered for users with higher blood pressure).

[225] In some embodiments, the system may include a blood oxygen level detector.
The blood oxygen level detector may either be 1) a separate attachment that goes over the finger,
or 2) a light and detector that shines outward from the device which requires the user to put their
finger on the device, or 3) it may be a portable electronics device (e.g., phone, PDA, tablet, etc. )
application which requires the user to put their finger on the camera, or 4) it may be on the
device and oriented towards the body for takes measurements from the chest or abdominal skin.
Oxygen saturation can be measured by the device and the data may be used to alert the patient
when they need to contact physician. For example, SpO2 of 90-93% increases risks over the

next 48 hrs by 20x compared to SpO2 of 98-100%.

[226] Device could include fetal heart rate monitor and uterine contraction detector
(tocometer).
[227] In some embodiments, the device could ask patient to measure their ankle

diameter initially as a baseline and then throughout pregnancy to monitor preeclampsia risk. —
The swelling of legs may be an important symptom of preeclampsia. Optionally, a self-
measuring cuff (e.g. the Health-o-Meter digital tape measure) may be provided. In some
embodiments, the measurement cuff could be integrated into blood pressure cuff. The ankle
diameter data may be fed into the device algorithms and thresholds may be adjusted accordingly
(e.g., swelling of the ankles results in lower threshold values).

[228] In one embodiment, a tabletop or wall mounted device transmits and detects short
radio waves (in one embodiment, 10 GHz) that bounce off the user. These radio waves transmit
through fabric but are partially reflected by the body, thereby detecting orientation, motion and
breathing patterns of the user. In a further embodiment, many of these devices are located
throughout the user’s home and are used to continually track user orientation, activity, and

breathing characteristics.
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[229] In one embodiment, pulse wave transit time is used to estimate absolute blood
pressure or blood pressure changes. In one embodiment, the chest strap of the device may
include 2 electrodes, one on the left and one on the right side of the chest. The electrodes may
transmit a current through the chest and measure impedance. This method (impedance
phethysmography) is known to generate an ECG wave-form. The device may simultaneously
measure the user’s finger or wrist pulse via pulse oximetry. The device may then combine the
ECG data and extremity pulse rate to calculate pulse wave transit time which may be used to
estimate blood pressure. In one embodiment, the pulse oximetry is performed by the camera or
light sensor on a mobile phone or other mobile device that is wirelessly connected to the device.
In another embodiment, the device has 2 electrodes which the user touches with fingers on
opposite arms. One or more of these electrodes also has a camera or light sensor and light source
to measure the pulse in the finger by pulse oximetry. In another embodiment, the electrodes in
the strap contact the left and right sides of the chest to generate the ECG data and the user
touches a light sensor or camera on the device with one or more fingers to generate the extremity
pulse signal.

[230] Optionally, when certain thresholds (orientation, activity, blood pressure, blood
oxygen, etc.) are exceeded, the device may be configured to automatically alert a doctor or the
patient is advised to call a doctor. Accordingly, some embodiments of the invention are
diagnostic as well as therapeutic.

[231] In one embodiment, the system includes a sensor located on the lower abdomen,
legs, feet, or toes to determine when flow in the IVC and/or aorta may be compromised. In some
embodiments, this sensor is a blood oxygen sensor, blood pressure sensor, or temperature sensor.
[232] In some embodiments, the algorithm suggests specific maternal orientations that
prevent breach orientation of the fetus or to help move a breach baby to another orientation.
[233] In some embodiments, the device monitors respiration characteristics by using an
accelerometer to calculate the deviation of the chest outward and inward. In another
embodiment, the device uses tension sensors in the chest strap to calculate frequency and depth
of breath. In some embodiments, this respiration data is used to determine whether the sleeping
user is snoring, has sleep apnea, or has another breathing disorder. In some embodiments, the
device vibrates to alert the patient if the sleep disordered breathing passes a specific threshold, an

examples include having more than 2 pauses in breathing in a 10 minute period or snoring
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lasting longer than 1 minute. In further embodiments, the device may also have a microphone to
determine is the user is snoring.

[234] In some embodiments, the device may include a training system which teaches
the patient which orientations or activities are considered risky. For example, in training mode,
the device buzzes once when the patient enters a position of risk level .2 to .39, buzzes twice for
risk level .4 to .59, buzzes 3 times for risk level .6 to .79, and buzzes continuously for risk level
Stol.

[235] In some embodiments, the device may be configured to upload sensor data to a
database for further analysis. The sensor data from a plurality of device may be gathered and the
thresholds and algorithms may be further refined. Accordingly, in some embodiments, the
system may become more accurate and precise over time as it collects patient data and refines
the algorithms and threshold values. In some embodiments, the different positions may be
subdivided into different groups for a regression analysis to compare time spent in each of those
positions to age of gestation at birth.

[236] Figure 13 illustrates an exemplary user interface 400 for orientation risk
monitoring according to some embodiments. User interface 400 may include a 3D CAD image
402. The 3D CAD image may constantly rotate to mirror the user’s orientation. The user
interface 400 may further include a real time position risk meter 404. A cumulative orientation
risk value or a combined moving average risk meter 406 may also be displayed. A daily
compliance meter 408 may also be provided. The daily compliance meter 408 may operate like
a fuel-gauge — it may start at full and drop throughout the day.

[237] When the device detects activity it may switch from the orientation user interface
400 to the activity monitoring user interface 500 illustrated in Figure 14. Similarly, when the
device ceases to detect activity, it may switch from the activity monitoring user interface 500 to
the orientation monitoring user interface 400. Optionally, both interfaces 400, 500 may be
displayed to the user with an indication as to which one is active or passive (e.g., highlighted,
dimmed, etc.).

[238] User interface 500 may illustrate an activity icon 502. The activity icon 502 may
be representative of a running person. As activity score increases, the icon 502 may be displayed
as running at a faster speed. The user interface 500 may further include a real time activity risk

meter 504. Similar to user interface 400, user interface 500 may also include a cumulative
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activity risk meter or a combined moving average risk meter 506. The daily compliance meter

508 may also be provide on the user interface 500.

[239]

In some embodiments, the bottom two meters on user interface 400 and user

interface 500 may be the same. In such configurations, the top half of the screen may

automatically switch between activity 504 and position risk 404 meters depending upon whether

or not activity is detected.

[240]

In a preferred, non-limiting embodiment, the device may provide some or all of

the following menu hierarchy:

e Patient Information

O

(OO RNCENCEECRECRNEO RO NN OO CRNC]

O

O

Email
Due date
First name
Last name
Doctor email
Maternal birth date
Any prior live births? [y/n]
Twins or more currently in utero? [y/n]
Preexisting hypertension (high blood pressure)? [y/n]
Height [feet and inches]
Weight [1bs]
Diabetes Mellitus? [y/n]
Highest Maternal Education Level
* None
* Elementary
* Middle and/or high school
= College
Currently living with baby's father [y/n]
Previous Abortion [y/n]
Cigarette smoking
* No
* 1-9 cigarettes per day
* 10 or more cigarettes per day
Fetal malformation [y/n]

¢ Training Mode
e Share Data

@]
@]
@]
@]
@]

Email recipients:

Email patient [checkbox](change patient email)
Email doctor [checkbox](change doctor email)
Email other [enter email address]

All Data [checkbox] or Date Range [enter 2 dates]

¢ Contact BellyBit

O

San Francisco, CA based BellyBit, Inc can be reached at [email address]

43

PCT/US2015/016540



10

15

20

25

30

WO 2015/148018 PCT/US2015/016540

¢ Advanced Options
o Modify algorithms by gestational age [on/off]
Modify algorithms by etiological factors [on/off]
Medium level alert [choose value O to 1 with .2 as default]
High level alert [choose value 0 to 1 with .4 as default]
Calibration sensitivity [choose value 0 to 1 with .02 as default]
o Temporary Risk Estimator [0 to 1; to 2 decimal places]
¢ (alibrate Device

@]
@]
@]
@]

[241] The software may be configured to email the following sets of data on separate
pages of an electronic spreadsheet document (such as, for example, an Excel® spreadsheet):
¢ Total time app was used, % of time activity was sensed, and Daily Cumulative risk score
[final score of the day; 1 data point per day for each of these 3 scores]
¢ Daily cumulative risk score on a running basis [numerous points per day at 10 min
intervals; e.g. a total of 60 points if device was used 10 hrs in one day]
* Moving average risk score [data points at 2 min intervals; e.g., total of 300 data points for
one 10 hour day]
¢ Instant Position risk score and Instant Activity risk score [essentially, all the raw data at 1
sec intervals]
[242] All days of data may be combined onto one page (workbook sheet) for each of the
4 data types for a total of 4 pages of data.
[243] Figure 15 illustrates another exemplary method and system 600 according to
some embodiments. In the illustrated system 600, a software application 602 may be loaded
onto the user’s personal mobile device. The user’s mobile device may be a portable electronics
device such as, a smartphone, table computer, PDA, smartwatch, etc. The software application
602 may receive input on patient factors 604. The received factors may be one or more of the
factors discussed above (e.g., maternal age, due date, height, weight, history of hypertension,
etc.) The software application 602 may calculate overall relative etiological risk (ore.risk) 606
using the user inputted patient factors 604. The relative etiological risk (e.g., a value ranging
from 0.5 to 10, for example) may be calculated from a formula in the software 602 that is based
on regression analysis of known risk factors. The software application 602 may then output the
user’s relative risk of preeclampsia 608 (e.g., output to a display on the mobile device). The

relative risk may be identified using the thresholds and categories in Table 1, for example.
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[244] Thereafter the software 602 may send the ore/risk to the monitoring device
firmware 650. The device firmware 650 may revise default threshold values to factor in ore.risk
652 to provide the etiological adjusted medium risk and etiological adjusted high risk. For
example, if med.risk = 0.2; high.risk = 0.4; and ore.risk = 2.1 then:

eti. adj. med. risk = med. risk/sqrt(ore.risk) = 0.14

eti.adj. high. risk = high. risk/sqrt(ore.risk) = 0.28
[245] Thereafter, a patient’s gestation age (gest.age) may be factored into the risk
thresholds 654. Continuing with the above example, if gest.age = 27 (weeks), then:

TANH (gest. age — 20)
gest. adj. med. risk = eti.adj. med. risk * > +0.5 ] =013
TANH (gest. age — 20)
gest. adj. high. risk = eti.adj. high. risk * > +0.5 ] =0.26
[246] The device firmware 650 may then monitor activity and/or orientation 656 using

the customized thresholds. Instant activity risk scores may be produced 658. The instant activity
risk scores may be associated with a vigorousness level of activity. Instant orientation risks
cores may be produced 660. Often, the risk scores are produced to generate a time series of risk
scores.

[247] These risk scores may be combined and fed into the moving average risk score
662 where the algorithm calculates whether risk score is above the gest.adj.med.risk or
gest.adj.high.risk thresholds and alerts the user as appropriate. Further a Daily Cumulative Risk
may be calculated using the combined time series of risk scores 664.

[248] Optionally, the instant activity and instant orientation risk scores may be
transmitted back to the user’s mobile device for storage and/or analysis 610. For example, the
software application 602 may display a meter bar graph corresponding to the instant risk score.
The meter bar graph may, for example, display the instant risk scores for the entire day averaged
at one minute intervals. The software application 602 may also allow user may access this
information to provide the user more detail about the instant risk score.

[249] The moving average risk score may also be transmitted back to the user’s mobile
device for storage and/or analysis 612. The software 602 may allow the user to access this

information to provide the user more detail about the moving average risk score. The software
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620 may also be configured to display a bar graph corresponding to the moving average risk
scores. For example, the bar graph may display all the moving average risk scores for the entire
day averaged at one minute intervals.

[250] The daily cumulative risk may also be transmitted back to the user’s mobile
device for storage and/or analysis 614. The software 602 may maintain a history of daily
cumulative risk for all days. The software 602 may also be configured to display a bar graph
with all the daily cumulative risk bars for all days of the pregnancy. A color of each bar may
correspond to the level or risk.

[251] Further, in some embodiments, the instant activity risk score may be transmitted
to the user’s mobile device for further analysis 616. For example, an early pregnancy exercise
encouragement algorithm may be provided 616. For patients in their early stages of pregnancy
(e.g., 15 weeks) a certain amount of vigorous activity may be beneficial and encouraged by the
software 602. The preferred level of vigorous activity may trail off at 15 weeks and may get
progressively more restrictive beyond 15 weeks. A meter may display the cumulative number of
minutes of vigorous exercise each day with the target minutes listed as well.

[252] In some embodiments, instant, average, daily, and other risk scores are calculated
as or converted to “health scores.” In some embodiments, a maximum risk score of 1
corresponds to a minimum health score of 0, and a minimum risk score of 0 corresponds to a
maximum health score of 1.

[253] While some embodiments are generally discussed in terms of monitoring
orientation and activity of pregnant women, many methods, devices, and systems may be applied
to any other area of the body where different positions have different levels of risk or benefit
associated with them. For example, patients with obesity related hypertension may benefit from
preventing abdominal fat from chronically or periodically compressing renal nerves and
abdominal veins which may increase hypertension. In another example, in a patient with back
pain, the algorithm assigns different levels of risk or detriment to different positions. The
cumulative negative impact over time that the patient experiences while in various positions is
added up and compared to allowable risk-time levels to determine whether the patient should be
alerted to change position in order to prevent back pain or muscle or nerve inflammation.

Devices and methods may be beneficial to patients suffering from gastroesophahael reflux or
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other digestive disorder that require they spend time in certain positions. Other diseases that may
benefit from embodiments disclosed herein include Chorea, Parkinson’s, and heart disease.
[254] One or more computing devices may be adapted to provide desired functionality
by accessing software instructions rendered in a computer-readable form. When software is
used, any suitable programming, scripting, or other type of language or combinations of
languages may be used to implement the teachings contained herein. However, software need
not be used exclusively, or at all. For example, some embodiments of the methods and systems
set forth herein may also be implemented by hard-wired logic or other circuitry, including but
not limited to application-specific circuits. Combinations of computer-executed software and
hard-wired logic or other circuitry may be suitable as well.

[255] In some embodiments, temperature of the user is measured in order to determine
the ideal fertility window for conception. In further embodiments, an algorithm estimates how
much the core temperature of the user has risen due to exercise or general activity. In some
embodiments, the algorithm gets smarter over time by calibrating vigorousness of activity with
temperature rise. In some embodiments, the temperature is measured directly by the device using
sensors. In some embodiments, these sensors are on the skin, under the armpit, in the ear,
intravaginal, or other places of the body known to provide consistent temperature measurements.
In some embodiments, a temperature sensor worn on the outside of the body measures ambient
air temperature and another sensor on the skin measures skin temperature. Further, in some
embodiments, an algorithm account for the cooling or warming effect the environment has on
skin temperature in order to estimate a more accurate body temperature.

[1] Embodiments of the methods disclosed herein may be executed by one or more
suitable computing devices. Such system(s) may comprise one or more computing devices
adapted to perform one or more embodiments of the methods disclosed herein. As noted above,
such devices may access one or more computer-readable media that embody computer-readable
instructions which, when executed by at least one computer, cause the at least one computer to
implement one or more embodiments of the methods of the present subject matter. Additionally
or alternatively, the computing device(s) may comprise circuitry that renders the device(s)
operative to implement one or more of the methods of the present subject matter.

[2] Any suitable computer-readable medium or media may be used to implement or

practice the presently-disclosed subject matter, including but not limited to, diskettes, drives, and
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other magnetic-based storage media, optical storage media, including disks (e.g., CD-ROMS,
DVD-ROMS, variants thereof, etc.), flash, RAM, ROM, and other memory devices, and the like.
[3] Different arrangements of the components depicted in the drawings or described
above, as well as components and steps not shown or described are possible. Similarly, some
features and sub-combinations are useful and may be employed without reference to other
features and sub-combinations. Embodiments of the invention have been described for
illustrative and not restrictive purposes, and alternative embodiments will become apparent to
readers of this patent. Accordingly, the present invention is not limited to the embodiments
described above or depicted in the drawings, and various embodiments and modifications may be

made without departing from the scope of the claims below.
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CLAIMS
What is claimed is:
1 1. A wearable device system for reducing risks associated with birth, the
2 wearable device comprising:
3 (a) one or more sensors for generating sensor data indicative of an
4 orientation of an abdomen of a user; and
5 (b) a processor coupled with the one or more sensors, the processor
6 configured to:
7 monitor the orientation of the abdomen of the user by processing
8 the sensor data to estimate the orientation of the abdomen
9 of the user;
10 identify orientation risk values associated with the estimated
11 orientations of the abdomen to produce a time series of
12 identified orientation risk values;
13 calculate and update a first cumulative risk value by calculating a
14 first moving average for a subset of the time series of
15 identified orientation risk values associated with the
16 estimated orientations of the abdomen, the subset for the
17 first moving average having a first size;
18 compare the first cumulative risk value to a first threshold; and
19 output a warning when the first cumulative risk value crosses the
20 first threshold.
1 2. The wearable device system of claim 1, wherein the sensor data comprises
2 arecline angle (pitch) and a sideways tilt angle (roll) and wherein the orientation risk
3 values are a function of the recline angle and the sideways tilt angle.
1 3. The wearable device system of claim 1, wherein the processor is further
2 configured to receive blood pressure data of the user, and wherein the processor raises or
3 lowers the first threshold in response to the received blood pressure data.
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4. The wearable device system of claim 1, further comprising a respiration
sensor configured to generate respiration data of the user, the respiration sensor coupled
with the processor, wherein the processor is configured to identify and assess risk
associated with types of sleep disordered breathing based on the respiration data and

output a warning when the risk level crosses a threshold.

5. The wearable device system of claim 1, further comprising a blood
pressure sensor for generating blood pressure data of the user, the blood pressure sensor
coupled with the processor, and wherein the processor raises or lowers the first threshold

in response to the blood pressure data from the blood pressure sensor.

6. The wearable device system of claim 1, further comprising a blood-
oxygen level sensor for generating blood-oxygen level data of the user, the blood oxygen
level sensor coupled with the processor, and wherein the processor raises or lowers the
first threshold in response to the blood-oxygen level data from the blood oxygen level

sensor.

7. The wearable device system of claim 1, further comprising an input
coupled with the processor, the input configured to receive a user input of pregnancy
factors comprising at least one of a multiple pregnancy of the user, body mass index
(BMI) of the user, prior live births of the user, and preexisting hypertension of the user,
and wherein the processor raises or lowers the first threshold in response to the user input

of pregnancy factors.

8. The wearable device system of claim 1, wherein the first size comprises at
least the last two minutes of sensor data; and wherein the processor is further configured
to:

calculate and update a second cumulative risk value by calculating a
second moving average for a subset of the time series of identified
orientation risk values, the subset for the second moving average
comprising at least the last 5 seconds of sensor data;

compare the second cumulative risk value to a second threshold; and
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output a warning when the second cumulative risk value crosses the

second threshold.

9. The wearable device of claim 1, wherein the processor is further
configured to monitor user activity by processing the sensor data to calculate user

experienced force changes to identify clinically significant user activity.

10. The wearable device of claim 9, wherein the force changes are calculated
by identifying a difference between a max force and a minimum force in the sensor data
during a time interval, and wherein processor is further configured to produce a time

series of calculated force changes.

11. The wearable device of claim 10, wherein the processor identifies
clinically significant user activity by:

calculating and updating a user activity moving average for a subset of the
time series of calculated force changes associated with the user
activity;

comparing the user activity moving average to an activity threshold to
determine whether the user is engaged in clinically significant
activity; and

record a cumulative time duration of the clinically significant activity

engaged by the user over a period of time.

12. The wearable device of claim 11, further comprising an input coupled with
the processor and configured to receive user input of a gestational age of a pregnancy of

the user.

13. The wearable device of claim 12, wherein the processor is further
configured to compare the cumulative time duration of clinically significant activity
engaged by the user over the period of time to a preferred cumulative activity threshold

specific for the gestational age of the pregnancy of the user.

14. The wearable device of claim 10, wherein, when the processor identifies

clinically significant user activity, the processor stops identifying orientation risk values
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and wherein the processor is further configured to identify activity risk values associated
with the force changes to produce a time series of identified activity risk values; and
wherein the processor calculates and updates the first cumulative risk
score by combining the time series of identified activity risk values and previously
identified orientation risk values and calculating a moving average for a subset of the
combined time series of identified activity risk values and previously identified

orientation risk values.

15. The wearable device of claim 1, further comprising an infrared sensor
coupled with the processor, and wherein the processor determines device use in response

to infrared sensor data.

16. The wearable device of claim 1, wherein the processor is further
configured to:
compare the first cumulative risk value to a second threshold; and
output a warning when the first cumulative risk value crosses the second
threshold;
wherein the warning associated with the first threshold and the warning

associated with the second threshold are different.

17. A system comprising

a processing device; and

a non-transitory computer-readable medium accessible by the processing
device,

wherein the processing device is configured to execute logic embodied in
the non-transitory computer-readable medium and thereby perform
operations comprising:
receiving force measurements from a sensor;
calculating force changes over time using the received force

measurements;
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determining whether the user is engaged in clinically significant
activity based on the calculated force changes and an
activity threshold;

when the user is determined to not be engaged in clinically
significant activity:

(a) receiving a recline angle and a sideways tilt angle
from a sensor;

(b) identifying orientation risk values associated the
received recline angle and the received sideways tilt
angle; and

(c) recording a time series of orientation risk values;

when the user is determined to be engaged in clinically significant
activity:

(a) identifying activity risk values associated with the
force changes; and

(b) recording a time series of activity risk values;

combining the recorded time series of orientation risk values with

the recorded time series of activity risk values to generate a

continuous time series of risk values;

calculating a cumulative risk on a subset of the continuous time

series of risk values by calculating a moving average for a

subset of the continuous time series of risk values;

comparing the cumulative risk to a cumulative risk threshold
value; and
outputting a warning when the cumulative risk crosses the

cumulative risk threshold value.

18. The system of claim 17, wherein the processing device, by executing the
logic, is further configured to perform additional operations comprising:
when the user is determined to be engaged in activity, recording a
cumulative time duration of the clinically significant activity by

the user over a period of time;
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comparing the cumulative time duration of the clinically significant
activity engaged by the user over the time period to a preferred

cumulative activity threshold.

19. The system of claim 18, wherein the preferred cumulative activity

threshold is dependent on a pregnancy stage of the user.

20. The system of claim 17, further comprising the sensor, and wherein the
sensor is housed in a first housing and wherein the processor is housed in a second
housing separate from the first housing and wherein the sensor is wirelessly coupled with

the processor.

21. A method for reducing risks associated with birth, the method comprising:

receiving sensor data from a sensor coupled with a user;

determining whether the user is engaged in activity based on the received
sensor data;

when the user is determined to not be engaged in activity, monitoring the
orientation of the abdomen of the user by processing the sensor
data to estimate the orientation of the abdomen of the user;

identifying orientation risk values associated with the estimated
orientations of the abdomen to produce a time series of identified
orientation risk values;

calculating and updating a cumulative risk value by calculating a first
moving average for a subset of the time series of identified
orientation risk values associated with the estimated orientations of
the abdomen;

comparing the cumulative risk value to a first threshold and a second
threshold; and

outputting a first warning when the cumulative risk value crosses the first
threshold and a second warning when the cumulative risk value

crosses the second threshold.
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22. The method of claim 21, wherein, when the user is determined to be
engaged in clinically significant activity, the method further comprises:
stopping the producing of the time series of identified orientation risk
values;
identifying activity risk values associated with the sensor data to produce a
time series of identified activity risk values; and
wherein the calculating and updating of the cumulative risk score
comprises:
combining the time series of identified activity risk values and
previously identified orientation risk values; and
calculating a moving average for a subset of the combined time
series of identified activity risk values and previously

identified orientation risk values.

23. A wearable device system for reducing risks associated with birth, the
wearable device comprising:
one or more sensors for generating force data indicative of an activity of
the user; and
a processor coupled with the one or more sensors, the processor
configured to:
monitor the activity of the user by processing the force data to
identify force changes in the force data to estimate a
vigorousness of the activity of the user;
compare the identified force changes to a force change threshold
value to determine whether the user is engaged in clinically
significant activity;
when the user is engaged in clinically significant activity, the
processor is configured to identify activity risk values
associated with the identified force changes to produce a

time series of identified activity risk values;
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calculate and update a cumulative risk value by calculating a
moving average for a subset of the time series of identified
activity risk values associated with the identified force
changes;

compare the cumulative risk value to a threshold; and

output a warning when the first cumulative risk value crosses the

first threshold.

24. The wearable device of claim 23, wherein the force changes are calculated
by identifying a difference between a max force and a minimum force in the force data
during a time interval, and wherein processor is further configured to produce a time

series of calculated force changes.

25. The wearable device of claim 24, wherein the processor identifies
clinically significant user activity by:

calculating and updating a user activity moving average for a subset of the
time series of calculated force changes associated with the user
activity;

comparing the user activity moving average to an activity threshold to
determine whether the user is engaged in clinically significant
activity; and

record a cumulative time duration of the clinically significant activity

engaged by the user over a period of time.

26. The wearable device of claim 25, further comprising an input coupled with
the processor and configured to receive user input of a gestational age of a pregnancy of

the user.

27. The wearable device of claim 26, wherein the processor is further
configured to compare the cumulative time duration of clinically significant activity
engaged by the user over the period of time to a preferred cumulative activity threshold

specific for the gestational age of the pregnancy of the user.
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28.

A device for inhibiting preeclampsia in a woman, the device comprising:

a sensor configured to generate orientation data;

a support configured to couple the sensor to the abdomen of the woman
such that the orientation data is indicative of an orientation of the
abdomen; and

a processor coupled to the sensor so as to receive the orientation data, the
processor configured to calculate a time series of values in
response to the data and a cumulative risk value in response to the
values, the processor having an output for transmitting a warning
in response to the risk value such that preeclampsia risk is

mitigated.
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