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(57) Abstract: A medication container can include a frame, a drawer in-

FIGURE 1A

cluding slots, at least one of a first set of one or more sensors and a sec-

ond set of one or more sensors, and an electronic transmitter. The slots

FIGURE 1B b

in the drawer can receive cartridges containing medication, The first set
of sensor(s) can detect whether the drawer has moved more than a preset
distance into or out of the frame. The second set of sensor(s) can detect
whether a cartridge has been removed from a corresponding slot and/or
the contents of the cartridge. The electronic transmitter can transmit data
characterizing at least one of whether the drawer has moved more than the
preset distance into or out of the frame and whether the cartridge has been
removed from the corresponding slot to a server computer via a commu-
nication network. Other medication containers and systems for generating
alerts are described.
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Medication Apparatus

RELATED APPLICATIORNS
[0001] The present disclosure claims the benefit of and priority to: U.S.

Provisional Patent Application No. 62/400,728, entitied “Apparatus and Method for Remote
Management of Medication and Medication Packages” and filed on September 28, 2016;
U.S. Provisional Patent Application No. 62/407,656, entitled “Apparatus and Methods for
Disposable and Reusable Smart Medication Packaging Inserts” and filed on October 13,
2016; and U.S. Provisional Patent Application No. 62/414,261, entitled “Systems and
Methods for Closure Detection and Activation of Smart Medication Containers”™ and filed on
QOctober 28, 2016. The contents of the above-referenced patent applications are incorporated

by reference herein in their entireties.

TECHNICAL FIELD

[0002] The subject matter described herein relates to apparatuses including at
feast one of a smart medication container, one or more cartridges to be fit within a medication
container, and a smart cap to close a medication container. The present disclosure also
relates to systems and computer-implemented methods for determining and providing
different interventions to patients, caregivers, and/or other parties {e.g , pharmacies) aimned at,
for example, improving or maintaining a patient’s adherence rate to a medication regimen
and/or improving the management of an inventory of medication by the patient, caregiver,

and/or other party such as a pharmacy.

BACKGROUND

[0003] Medications are packaged in several different types of containers.

Conventional medication containers, however, do not safely secure the medication and do not
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provide easy access of the medication stored therein. Moreover, traditional medication
containers do not detect whether or when the medication has been removed from the
medication container, much iess do so accurately. Conventional medication containers
further do not have communication capabilities that enable communication with a remote
server computer that can use the communicated data to generate reminders and alerts for a
patient. Furthermore, traditional medication containers do not allow removable customized
cartridges to be placed therein and thus, for example, such medication containers are wasted

after every use.

SUMMARY

[0004] The present disclosure relates to apparatuses including at least one of a
smart medication container, one or more cartridges to be fit within a medication container,
and a smart cap to close a medication container. The smart medication container can
advantageously fulfill one or more {e.g., all) of the following objectives: safely secure the
medication; allow easy access of the medication in the medication container; detect when
medication has been or is likely to have been removed from the medication container; and
communicate, via a communication network, the details of detections by the medication
container with a remote server computer that can use those details to generate reminders and
alerts for a patient and/or other entity or facility such as a pharmacy. The customized
cartridges can be removably inserted (e g, by a patient or pharmacy representative) in the
above-described smart medication container. In some implementations, the smart cap of the
smart medication container can activate or cause one or more actions by the smart medication
container {e.g., one or more measurements by one or more sensors), and/or signal or detect
whether the cap 1s present on the smart medication container.

[0003 In one aspect, a medication container is described. The medication

container can include a frame, a drawer, a plurality of slots in the drawer, at least one of a
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first set of one or more sensors and a second set of one or more sensors, and an electronic
transmitter. The drawer can be configured to slide into and out of the frame. The plurality of
slots in the drawer can be configured to receive a plurality of cartridges containing
medication. The first set of one or more sensors, which can be referred to as one or more
drawer sensors, can be configured to detect whether the drawer has moved more than a preset
distance into or out of the frame. The second set of one or more sensors, which can be
referred to as one or more cartridge sensors, can be configured to detect whether a cartridge
of the plurality of cartridges has been removed trom or inserted to a corresponding slot of the
plurality of slots. The electronic transmitter {e.g., including a network interface} can be
configured to transmit to a server computer via a communication network data characterizing,
tfor example, at least one of whether the drawer has moved more than the preset distance into
or out of the frame, whether the cartridge has been removed from or inserted into the
corresponding slot, and/or timing data associated with these detections, such as time of the
detection by the one or more sensors, duration of time a slot has remained vacant, duration of
time a slot has remained occupied by a cartridge, duration of time the drawer has remained
closed, and/or duration of time the drawer has remained open.

[6006] In some variations, one or more of the following can be implemented
either individually or in any combination. The server computer can be configured to generate
at feast one of an alert, reminder, or recommendation based at least in part on the received
data. All of the plurality of cartridges can include the same medication. The frame can
include one or more hooks. The one or more hooks can allow the frame to be hung and/or the
frame to be matably stacked with another frame. The plurality of slots can be in series. FEach
slot may include one or more sensors to determine whether a corresponding cartridge has

been removed.
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[0007] The medication container can further include a magnet attached to, for
example, the drawer, or alternatively, the frame in a region adjacent to an end of the drawer.
The one or more sensors can be configured to detect a movement of the magnet to detect
whether the drawer has moved more than the preset distance out of the frame. The magnet
can be made of a rare-earth material.

[0008] The second set of one or more sensors can be affixed within, for example,
the drawer, or alternatively, the frame. The second set of one or more sensors can be one or
more weight sensors, infrared sensors, touch sensors or capacitance sensors to detect whether
the cartridge has been removed from and/or placed into the corresponding slot. The second
set of one or more sensors can be positioned in the frame. The second set of one or more
sensors can be configured to detect objects within a preset distance, the second set of one or
more sensors detecting the presence or absence of the cartridge. The second set of one or
more sensors can be alternatively or additionally configured to detect a quantity of content
within one or more cartridges (e.g., quantity of liguid medication or pills, as indicated by
weight, fluid ounces, number of pills, or any other suitable quantification metric or
combination of such metrics).

[0009] In another aspect, another medication container is described. This
medication container can include a frame, one or more sensors, and an electronic transmitter.
The frame can include a plurality of slots configured to slidably receive {receive in a sliding
manner) a plurality of cartridges containing medication. The plurality of cartridges can be
configured to slide into and out of the plurality of slots of the frame. The one or more
sensors, which can be referred to as one or more cartridge sensors, can be configured to
determine whether each slot of the plurality of siots encapsulates, houses, stores, contains or
otherwise includes a corresponding cartridge. The electronic transmitter (e.g., including a

network interface) can be configured to transmit to a server computer via a communication
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network data characterizing, for example, whether or not one or more of the slots
encapsulates, houses, stores, contains or otherwise includes a cartridge and/or timing data
associated with these detections, such as time of the detection by the one or more sensors,
duration of time a slot has remained vacant, and/or duration of time a slot has remained
occupied by a cartridge.

[0016] In some variations, one or more of the following can be implemented. The
plurality of slots can include four slots arranged in a two-by-two configuration that has two
slots above the other two slots. The one or more sensors can be alternatively or additionally
configured to detect a quantity of content within one or more cartridges {e.g., quantity of
liquid medication or pills, as indicated by weight, fluid ounces, number of pills, or any other
suitable quantification metric or combination of such metrics).

[0011] in yet another aspect, an apparatus is described that can include a container
and a cartridge. The container can be configured to be closed with a cap. The cartridge can
encapsulate, house, store, contain or otherwise include medication contigured to be inserted
within the container. The cartridge, when completely inserted within the container, can allow
the closing of the container with the cap.

[0012] In some variations, one or more of the following can be implemented
either individually or in any combination. A body of the cartridge can fit within a cavity
within the container. A portion of the cartridge can overlie a top of the container in a region
where the container accepts the cap. One or more locations on an outer surface of the
cartridge can include an adhesive that sticks to an inner surtace of the container. A portion of
the cartridge can extend externally to the container and can be configured to serve as a grip
for holding the container. A portion of the cartridge can extend externally to the container
and can be contigured to serve as a display element. The display element can be contigured

to display data identifying content within the cartridge. The display element can include a
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printed label containing the data identifying content within the cartridge. The display
element can have a rectangular shape. Alternately, the display element can have a cylindrical
shape. The apparatus can one or more sensors, which can be referred to as one or more
cartridge sensors, configured to detect the presence and/or absence of the cartridge and/or a
quantity of content within the cartridge (e.g., quantity of liquid medication or pills, as
indicated by weight, fluid ounces, number of pills, or any other suitable quantitication metric
or combination of such metrics). The apparatus can include one or more processors and/or an
electronic transmitter {e.g., including a network interface) for communicating sensor data
and/or other data with a remote server computer.

[0013] The cartridge can be configured to be closed or covered with at least one
of a plug and a liner. Each of the plug and the liner can be different and separate from the
cap. The cartridge can be configured to be sealed by each of the plug and the liner to prevent
content within the cartridge from falling out. Each of the plug and the liner can be removable
from the cartridge. The cartridge can include a desiccant chamber and at least one desiccant
packet. The desiccant chamber can include perforations that allow motsture to pass trom a
body of the cartridge into the desiccant packet and to physically separate content of the
cartridge from the desiccant packet.

[0014] In one aspect, a system {e g., medication apparatus}) is described that can
include a container, a container sensor element, a cap, and a cap sensor element. The cap can
be configured and used to close the container. The cap sensor element can be affixed to or
within the cap. The container sensor element can be in communication with the cap sensor
element to detect whether the cap 1s present within a threshold distance from the container
sensor element. In some variations, the container sensor element detects whether the cap
sensor element is within a threshold distance. In other variations, the cap sensor element

detects whether the container sensor element is within a threshold distance.
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[0015] in some variations, one or more of the following can be implemented
either individually or in any combination. The system can include a pull-tab component
configured to be inserted within a battery compartment of the container to prevent the
container from drawing power from a battery, and to be removed to allow the container to
draw power from the battery. The container sensor element and/or cap sensor element,
and/or a different one or more sensors, can be configured to detect a quantity of content
within the container (e.g., quantity of liquid medication or pills, as indicated by weight, fluid
ounces, number of pills, or any other suitable quantification metric or combination of such
metrics).

[0016] The system can include electrical circuitry communicatively coupled to the
container sensor efement and/or the cap sensor element. The electrical circuitry (e.g, one or
more processors and a network intertace) can be configured to send, via a communication
network and to a server computer, data indicating when the cap is open and/or closed, one or
more times that the cap is open and/or closed (e.g., as indicated by one or more timestamps
generated by the one or more sensors or one or more processors of the medication container),
one or more lengths or durations of time the cap remains open and/or closed, and/or the
quantity of the content within the container (e.g.. the quantity of content within a cavity of the
container or a cartridge contained in the cavity of the container).

10017} In one aspect according to some implementations, a server computer can
be configured to trigger electronic transmission of, and the electrical circuitry of a medication
container and/or user computer can be configured to receive, data indicating an alert (e.g.,
reminder or recommendation) {from the server computer. The server computer can be
configured to trigger the alert based at least in part on data received from a medication
container. The server can trigger an alert to the medication container and/or other computing

device when, for example, the server computer determines: that a quantity of the content in a
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medication container is below a threshold value (e.g., as determined by comparing data
received from one or more sensors of a medication container to a threshold value); that a
patient associated with the medication container is likely to have missed a dose or refill of
medication or is likely to miss one or more future doses or refills (e.g, as determined by the
server computer based at least in part on one or more detections of one or more sensors of the
medication container, such as one or more drawer sensors, cartridge sensors, and/or cap or
container sensors, and patient medication regimen data stored in one or more databases and
accessible to the server computer), and/or that a pharmacy, other entity, or facility that
includes the medication container has not or is likely to have not dispensed or refilled
medication as expected (e.g., as determined by the server computer based at least in part on
one or more detections of the one or more sensors of the medication container, such as one or
more drawer sensors, cartridge sensors, and/or cap or container sensors, and dispensation
scheduling data stored in one or more databases and accessible to the server computer).
[00138] In one aspect according to some implementations, at least one
communication receiver of a server computer can be configured to receive data via a first
communication network from circuitry on one or more medication containers described
herein (e.g , a medication container including one or more cartridges, a drawer, and/or having
a cap and/or container sensor). Such data can be, for example, data corresponding to one or
more measurements of one or more of the sensors described herein, such as one or more
sensor measurements of one or more drawer sensors, cartridge sensors, and/or cap and/or
container sensors, timing data associated with the sensor data, and/or data generated by one
or more processors of the medication container, for example, based on the detected sensor
data. Based at east in part on the receipt of such data, and/or other data (e.g., historical data
stored by or otherwise accessible to the server computer in a database), the server computer

(e.g., including one or more processors and a network interface) may determine whether at
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least one criterion is satisfied and based on the determination trigger one or more reminders
and/or alerts to a patient, a caregiver, and/or other entity (e.g., a pharmacy). For example,
such alerts, which can include text, audio, imagery, video, or any combination thereof, may
be transmitted to the medication container{s) themselves and/or to other computing devices.

[0019] In some implementations, the at least one communication receiver of
server computer can receive data from a medication container over the communication
network indicating, for example, that a patient has or 1s likely to have missed a dose of
medication (e.g., when the medication container is within the possession of and configured
for use by a patient or caregiver}, that medication was, or was not, removed from a
medication container or dispensed (e.¢., when the medication container is within the
possession of and configured for use by a pharmacy, other entity, or facilty), and/or that a
medication container or one or more cartridges of a medication container were not refilled or
are in need of a refill. For example, each time the drawer is moved (e g., moved at least a
threshold distance as determined by the one or more drawer sensors) or at any other suitable
time or interval, the medication container can provide data from the one or more drawer
sensors and/or other sensors (e.g., cartridge sensors) and/or other data to the server computer.
The server computer can interpret that data alone or in combination with other data (e.g ,
timing data and/or historical data) as indicating when medication has been removed from or
added to the container and the server computer can determine based at least in part on such
data whether a patient is likely to have missed a dose, whether a pharmacy or other entity or
facility has not dispensed a medication as expected, and/or whether a medication container or
cartridge in the container is in need of a refill or was not refilled. The server computer can
transmit one or more alerts to the medication container and/or to one or more other

computing devices based on the determination.
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10026} Alternatively or additionally, each time a cartridge is removed from and/or
inserted into the medication container (e.g., as determined by the one or more cartridge
sensors) or at any other suitable time or interval, the medication container can provide data
{rom the one or more cartridge sensors and/or other sensors {e.g., one or more drawer
sensors) and/or other data to the server computer. The server computer can interpret that data
alone or in combination with other data (e.g., timing data and/or historical data) as indicating
when medication has been removed from or added to the container and the server computer
can determine based at least in part on such data whether a patient is likely to have missed a
dose, whether a pharmacy or other entity or facility has not dispensed a medication as
expected, and/or whether a medication container or cartridge in the container is in need of a
refill or was not refilled. The server computer can transmit one or more aleris to the
medication container and/or to one or more other computing devices based on the
determination.

10021} Alternatively or additionally to the implementations disclosed above, each
time a cap is removed from and/or piaced on a medication container {e.g., as determined by
the one or more cap and/or container sensors} or at any other suitable time or interval, the
medication container can provide data from one or more sensors (e.g., one or more cartridge
sensors and/or the one or more cap and/or container sensors cap) and/or other data to the
server computer. The server computer can interpret that data alone or in combination with
other data {e.g., timing data and/or historical data} as indicating when medication has been
removed from or added to the container (e.g., based on when a cartridge has been inserted to
or removed from the container and/or when the cap is removed) and the server computer can
determine based at least in part on such data whether a patient is likely to have missed a dose,
whether a pharmacy or other entity or facility has not dispensed a medication as expected,

and/or whether a medication container or cartridge in the container is in need of a refill or

10
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was not refilled. The server computer can transmit one or more alerts to the medication
container and/or to one or more other computing devices based on the determination.

10022} In some implementations, the server computer can receive data over the
communication network indicating, for example, alone or in combination with other data: that
a preset amount of content within the one or more cartridges or containers was not withdrawn
within a preset amount of time and/or was withdrawn after the preset amount of time; that a
cartridge or cavity of a medication container was refilled after a preset amount of time; and/or
that one or more cartridges of a medication container were not refitled and/or were not
removed within a preset amount of time. Such data can be, for example, data corresponding
to one or more measurements {e.g, detection events) of one or more of the medication
container sensors described herein and received by the server computer from the medication
container {e.g., one or more cartridge sensors, one or more drawer sensors, and/or one or
more container and/or cap sensorsof a medication container). At least one database can be
communicatively coupled to the at least one communication receiver. The at least one
database can be configured to store at least the received data from the medication container
and/or other data {e.g., a medication regimen for a patient, an expected dispensing schedule
for a pharmacy or other entity or facility, and/or an expected refill schedule for a medication
container or cartridge contained within the medication container). At least one processor can
be communicatively coupled to at least one of the at least one communication receiver and
the at least one database. The at least one processor can be programmed or otherwise
configured or adapted to determine, upon or subsequent to the receipt of the data, whether at
least one criterion 1s satisfied, the at least one processor generating an alert {e.g., reminder)
when the at least one criterion is satisfied. At least one communication transmitter can be

communicatively coupled to the at least one processor. The at least one communication

11
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transmitter can be configured to transmit, via a second communication network, the alert to
the medication container and/or one or more other computing devices.

[0023] In some variations, one or more of the following can be implemented
either individually or in any combination. The server computer is configured to determine
that a patient has not adhered to a medication regimen, that a pharmacy or other entity or
facility has not adhered to an expected medication dispensation schedule, and/or that a
medication container or cartridge within a medication container has not been refilled
according to an expected schedule based at least in part on the server computer not receiving
a communication from the medication container within a preset amount of time. For
example, the server computer can trigger an alert (e.g., reminder) to the medication container
and/or another one or more computing devices based at least in part on the server computer
identifying that the one or more drawer sensors, one or more cartridge sensors, and/or one or
more container and/or cap sensors of a medication container have not been activated within a
period of time that exceeds a preset amount of time. The preset amount of time can be set or
identified by the server computer based at least in part on data stored in a database and
accessible to the server computer indicating: a medication regimen for a patient that identifies
an expected frequency of the patient taking a dose; an expected dispensation schedule for a
pharmacy or other entity or facility identifying how frequently medication is expected to be
dispensed; and/or an expected refill schedule for the medication container or a cartridge
contained within the medication container. The server computer can compare this data, for
example, to data indicating the last time the server computer received a communication from
the one or more sensors of the medication container to determine if the preset amount of time
has lapsed without the server computer receiving a further one or more communications from
one or more sensors of the medication container. Based at least in part on {e.g., based solely

on) the determination, the server computer can trigger one or more alerts to the medication
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container and/or another one or more computing devices. The computing device can be one
of a desktop computer, a laptop computer, a tablet computer, a phablet computer, and a
cellular phone. In one implementation, the computing device can be configured to be
operated by a patient using the medication container. In another implementation, the
computing device can be configured to be operated by at least one of® a caregiver {e.g.,
hospital, clinician, doctor, nurse, technician, clinical staff member, and/or any other
caregiver) treating a patient using the medication container, a pharmacy authorized to provide
medication to the patient, and a healthcare company authorized to obtain healthcare data of
the patient. In one implementation, the tirst communication network can be same or
substantially the same as the second communication network (e.g . internet). In an alternate
implementation, the first communication network can be different and separate from the
second communication network. The first communication network can be one or more of a
local area network, a wide area network, internet, intranet, Bluetooth network, infrared
network, any other network, and any combination thereof. The second communication
network can be one or more of a local area network, a wide area network, 1nternet, intranet,
Biuetooth network, infrared network, any other network, and any combination thereof.
[0024] In one implementation, the satisfying of the at least one criterion can be
the server computer determining whether a risk level of a user exceeds a threshold value or
otherwise meets, or does not meet, one or more criteria. The at least one programmable
processor of the server computer can compute the risk level based at least in part on historical
data stored in the database. The historical data analyzed for by the server computer to make
the determination can include one or more of: data regarding opening and/or closing of a cap
of a medication container (e.g., as provided by one or more of the container and/or cap
sensors of the medication container); data regarding sliding in and/or out of a drawer of a

medication container {e.g., as provided by one or more drawer sensors of the medication
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container); data regarding insertion of one or more cartridges into a medication container
(e.g., a slot of a medication container) and/or removal of the one or more cartridges from the
medication container (e.g., as provided by one or more cartridge sensors of the medication
container}); an adherence score characterizing a likelihood of adherence of a patient to a
medication regimen, which is based at least in part on, for example, past adherence of the
patient to the same or a different medication regimen {e.g., a calculated value or score
reflecting a patient’s past adherence to a medication regimen, such as the fraction or
percentage of days the patient has or is likely to have consumed medication on the days the
patient was supposed to consume medication as per the medication regimen, where in some
variations the server computer calculating the value or score can specifically exclude from
the calculation of the score, or alternatively treat differently in the calculation of the score,
days of the medication regimen for which a patient was not supposed to consume medication,
and where the server can compare the calculated value or score to a threshold value or score
to identify whether the patient is high-risk for non-adherence to either directly trigger one or
more alerts or {o consider by the server computer together with one or more additional
criteria in order to determine whether to trigger one or more alerts); a pattern of withdrawing
medication from the medication container; the complexity of such a pattern of withdrawing
medication {e g., complexity as determined by the server computer performing a comparison
of actual data regarding withdrawal of medication by a user to an expected patient or other
entity expected regimen stored in a database accessible to the server computer); a pattern of
refilling the medication container or cartridge within a medication container; the inaccuracy
of such a pattern of refilling the medication container or a cartridge within the medication
container (e.g., inaccuracy as determined by the server computer by comparing actual data
regarding one or more refills or a failure to obtain one or more refills to an expected refill

schedule stored in a database accessible to the server computer); a type of medication in the
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medication container; a dosage requirement for consuming the medication; timing of one or
more prior communications between the circuitry of the medication container and the at least
one communication receiver, data exchanged between the circuitry of the medication
container and the at feast one communication receiver during the one or more prior
communications; and one or more errors noted with respect to the one or more prior
communications.

[0025] In some variations, the server computer can trigger an alert based on {e.g.,
based solely on) determining that a medication dose was missed or determining that
medication was not dispensed (e.g., by a pharmacy) as expected. In another implementation,
the server computer can trigger an alert based on (e.g., based solely on) determining that a
medication container (e.g., bottle) was not refilled according to an expected schedule. In
another implementation, the server computer can trigger an alert based on (e.g., based solely
on) receiving a message from a user (e.g., patient, caregiver, or pharmacist) associated with a
medication container indicating that additional care is required. In another implementation,
the server computer can trigger an alert based on (e.g., based solely on) receiving any other
message from a user {e.g., patient, caregiver, or pharmacist) associated with a medication
container (¢.g., any message at all regardless of content of the message). The server
computer can provide different, specialized alerts to a medication container and/or one or
more other computers under different circumstances.

[0026] In some variations, the server computer can trigger an alert based, at least
in part, on both determining that a medication dose was missed and evaluating one or more
additional criteria. In one implementation, the additional criterion can be the server computer
determining that a user of the bottle (e.g., patient) 1s high-risk as determined by the server
computer based on at least in part one or more data points from previous analysis and/or data

stored by the server computer (e.g., an overall adherence score for a patient; a complex
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dosage pattern as indicated by, for example, sensor data from one or more sensors of a
medication container and/or a medication regimen for a patient; inaccurate dosing or refill
patterns as indicated by, for example, sensor data from one or more sensors of a medication
container and/or a medication regimen for a patient; medication information; previous
messaging to the system; and/or other factor(s)). In another implementation, the additional
criterion can be the server computer determining that one or more recent doses was also
missed {e.g., the server computer determining that one or more recent doses was missed
based at least in part on: data stored in a database indicating lack of access to a medication
container or cartridge of the medication container within at least one other, prior preset
amount of time as indicated by prior sensor data received from the medication container
and/or a lack of prior sensor data received from the medication container; and/or data stored
in a database indicating lack of withdrawal of a preset amount or quantity of content from a
medication container or cartridge in the medication container within at feast one other, prior
preset amount of time as indicated by prior sensor data received from the medication
container}. In another implementation, the additional criterion can be the server computer
determining that a user or entity is late starting or restarting a planned medication and/or refill
cycle (e g., the server computer determining that the user or entity is late based at least in part
on: data stored in a database indicating access to a medication container or cartridge of the
medication container after a present amount of time as indicated by sensor data received from
the medication container, and/or data stored in a database indicating withdrawal of a preset
amount or quantity of content from a medication container or cartridge in the medication
container after a present amount of time as indicated by sensor data received from the
medication container). In various implementations, the server computer only triggers an alert
to a medication container or other computing device when the server computer determines

both that a medication dose was missed and the at least one additional criteria is satisfied.
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The server computer can provide different, specialized alerts to a medication container and/or
one or more other computers under different circumstances.

[0027] The alert, as described herein, can be data that activates an alarm, which
can be audio, visual (e g., text, imagery, and or video}, or both. In various implementations,
the alert can be one or more of: a text message, a voice message, a video message, a social
media message, an email, a web pop-up, a pager message, any other message, and any
combination thereof. The alert can be a reminder in some implementations. The alert can be
provided to a medication container and/or to one or more other computing devices.

[0028] The details of one or more variations of the subject matter described herein
are set forth in the accompanying drawings and the description below. Other features and
advantages of the subject matter described herein will be apparent from the description, the

drawings, and the claims.

DESCRIPTION OF DRAWINGS
10029} FIGURES 1A, IB, ZA 2B, 3, 4A, 4B, S, 6A, and 6B illustrate some

implementations of a smart medication container according to some implementations of the
current subject matter.

[0030] FIGURE 6C illustrates a server computer that can communicate with
circuitry on a medication container to generate reminders and/or alerts for a patient, a
caregiver, a pharmacy, any other individual or entity, and/or any combination thereof.

[0031] FIGURES 7A-7C, 8A, 8B, 9A-9C, 10A, 10B, 11A-11C, 12A-12C, 13A-
13C, 14A, 14B, and 15-15C itlustrate some implementations of removable cartridges within a
medication container according to some implementations of the current subject matter.

[0032] FIGURES 16A-16E and 17A-17E illustrate some implementations of a
smart cap of a medication container according to some implementations of the current subject

maiter.
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[0033] FIGURE 1% illustrates a server computer that can communicate with
circuitry on a medication container to generate reminders and/or alerts for a patient, a
caregiver, a pharmacy, any other individual or entity, and/or any combination thereof.

[0034] Like reference symbols in the various drawings indicate like elements.

DETAILED DESCRIPTION
[0035] FIGURES 1A, 1B, 2A, 2B, 3, 4A, 4B, 5, 6A, and 6B illustrate some

implementations of a smart medication container according to some implementations of the
current subject matter.

[0036] FIGURE 1A illustrates a first implementation of a medication container
5a. The medication container 5a can include multiple {e.g., four) cartridges 10a, 20a, 30a and
40a, a drawer S0a, and a frame 60a. The four cartridges 10a, 20a, 30a and 40a can be
removably, or alternately permanently, inserted into and lifted out (e.g., entirely or partially)
of the drawer 50a, which can slide within the frame 60a. The medication container 5a can
determine when the drawer 50a is being slid in or out of the frame 60a. In some
implementations, the medication container Sa can determine whether any of cartridges 10a,
20a, 30a and 40a are being removed and/or inserted. The frame 60a can include guides and
rails on the inside, which can guide the drawer S0a to enable straight and linear motion of the
drawer 50a. In some implementations, each of cartidgesiCa, 20a, 30a and 40a can be or can
include one or more containers of medication, such as bottles (e.g, pill bottles), vials, liquid
medication containers, tubes, pouches, boxes, doses, blister packs, spray containers, and/or
inhalers. In some implementations, each of cartridges 10a, 20a, 30a and 40a can be or
include one or more syringes. In some implementations, each of the cartridges 10a, 20a, 30a
and 40a can be a cardboard and/or plastic box having a generally parallelepiped shape (e.g.,
parallel or almost paraliel sides) and that contains the above one or more containers of

medication and/or syringe(s).
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(0037} in various illustrative implementations, each of the four cartridges 10a,
20a, 30a and 40a can be made of one or more of the following materials: cardboard, plastic,
glass, and metal. The drawer 50a can be made of one or more of the following matetials:
plastic and metal. Making the drawer 50a with plastic and/or metal can advantageously
minimize friction while opening and closing the drawer 50a, and thus also maximizing
durability of the drawer 50a. The frame 60a can be made of one or more of the following
materials: plastic and metal (e.g.. the same or difterent material(s) used for drawer 50a).

10038} In vartous illustrative implementations, medication container 5a can have
the following dimensions or range(s) of dimensions. Frame 60a can have a generally
parallelepiped body (e.g., parallel or almost parallel sides), which can have rounded corners.
Frame 60a can have a generally open face (e.g., face that is open or almost open) for receipt
of drawer 50a containing the one or more cartridges 10a, 20a, 30a and 40a. In some
implementations, the remaining faces of frame 60a can be fully or substantially closed. In
some implementations, frame 60a can be about &-10 inches wide in a direction perpendicular
or generally perpendicular (e.g., at ninety degrees, or almost ninety degrees such as between
eighty degrees and one hundred degrees) to a direction of motion of drawer 50a into and out
of frame 60a, about 10-14 inches in length (depth). and about 2-4 inches in height.

[0039] Drawer 50a in some implementations can have a shape configured to fit
through an open face of frame 60a and reside within an open cavity of frame 60a. As
described above, drawer 50a can contain one or more rails or recesses {e.g., on bottom and/or
side surfaces of drawer 50a) for mated connection to one or more recesses or rails,
respectively, of frame 60a. Drawer SOa can have a generally (e.g., fully or substantially fuily)
open top face for receipt of the one or more cartridges 10a, 20a, 30a and 40a. Drawer 50a
can have a partially open front face. As shown, for example, in FIGURE 1A, this can include

a drawer lip or ridge that allows for retention of the cartridges 10a, 20a, 30a and 40a and
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prevents them from unintentionally falling out of medication container 5a. It can also
simultaneously allow an observer to visually identify the presence, or absence, of the one or
more cartridges 10a, 20a, 30a and 40a within medication container Sa and optionally the
ability to read, for example, information printed or otherwise shown on cartridges 10a, 20a,
30a and 40a. In some implementations, drawer 50a can be about 8-10 inches wide in a
direction perpendicular or generally perpendicular {(e.g , at ninety degrees, or almost ninety
degrees such as between eighty degrees and one hundred degrees) to a direction of motion of
drawer 50a into and out of frame 60a, about 10-14 inches in length {(depth), and about 2-4
inches in height. For example, in some implementations, the length, width, and height of
drawer 50a can be selected to be slightly less than that of frame 60a to enable a snug friction
fit of drawer 50a within frame 60a and to prevent the entire apparatus from unnecessarily
consuming space.

{0040} Each of cartridges 10a, 20a, 30a and 40a in some implementations can
have a shape configured to {it within an open area of drawer 50a. Stated another way, drawer
50a can be configured such that its open area is sized and contigured for receipt (e.g., mating
receipt to establish a friction fit) of the cartridges 10a, 20a, 30a and 40a. In some
implementations, when the multiple cartridges are inserted within drawer 5S0a, and the drawer
50a1s inserted within the frame 60a, the cartridges can collectively occupy all or substantially
all of the open space within the interior of the frame 60a, for example, with the exception of
one or more walls or ridges that separate different cartridge components of drawer 50a. Such
physical separators are shown, for example, in FIGURE 3. In some implementations, each of
cartridges 10a, 20a, 30a and 40a can be about 1-4 inches {e.g., 1-3 inches) in width, about or
less than 6-14 inches (e.g., 6-10 inches) in length (depth), and about or less than 1-4 inches

(e.g., 1-3 inches} in height.
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[0041] FIGURE 1B illustrates a second impiementation of a medication container
65a according to some implementations of the current subject matter. The medication
container 65a can include multiple (e.g., four) cartridges 10a, 20a, 30a and 40a, and a tframe
70a. The four cartridges 10a, 20a, 30a and 40a can be removably, or alternately permanently,
inserted into the frame 70a. Each of the four cartridges 10a, 20a, 30a and 40a can be
individually slid into and out of the frame 70a. The medication container 65a can determine
when a cartridge 10a, 20a, 30a or 40a is slid into or out of the frame 70a. The frame 70a can
optionally include guides and rails on the inside, which can correspondingly guide each
cartridge 10a, 20a, 30a and 40a in a straight and linear motion. For example, each cartridge
can contain one or more rails or recesses (e.g., on bottom and/or side surfaces of the
cartridge) for mated connection to one or more recesses or rails, respectively, of frame 70a.
In other implementations, only the trame 70a, but not the cartridge(s), can contain guides or
rails. Each of cartridges 10a, 20a, 30a and 40a can be removed by sliding that cartridge
individually out of the corresponding slot. A front face of container 65a can include one or
more ridges or tabs at one or more (e.g., all) of the front, generally open faces of the slots to
prevent corresponding one or more cartridges from falling out of the slots. The cartridge(s)
can be lifted over the tab(s) or ridge(s) before being slid back into the slots and then retained
in the slots by the tab(s) or ridge(s) once the trailing end of the cartridge(s) clear the tab(s) or
ridge(s).

[0042] in various illustrative implementations, medication container 65a can have
the following form factor and dimensions or range(s) of dimensions. Frame 70a can have a
parallelepiped or a generally parallelepiped body (e g., body with parallel or almost parallel
sides), which can have rounded corners. Frame 70a can have a face defining a plurality (e.g,,
four) open regions or cavities tor receipt of one or more cartridges 10a, 20a, 30a and 40a. In

some implementations, the remaining faces of frame 70a can be fully or substantially closed.
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In some implementations, frame 70a can be about 5-8 inches wide in a direction
perpendicular or generally perpendicular (e g., at ninety degrees, or almost ninety degrees
such as between eighty degrees and one hundred degrees) to a direction of motion of the
cartridges 10a, 20a, 30a or 40a into and out of frame 70a, about 10-14 inches in length, and
about 5-8 inches in height.

[0043] Each of cartridges 10a, 20a, 30a and 40a in some implementations can
have a shape configured to fit within an open area of frame 70a. Stated another way, {rame
70a can be configured such that it has multiple open areas or cavities and such areas are sized
and configured for receipt (e.g., mating receipt to establish a friction fit) of the cartridges 10a,
20a, 30a and 40a. In some implementations, when the multiple cartridges are inserted within
frame 70a, the cartridges can collectively occupy all or substantially all of the open space
within the interior of the frame 70a. In some implementations, each of cartridges 10a, 20a,
30a and 40a can be about 1-4 inches (e.g., 1-3 inches) in width in a direction perpendicular or
generally perpendicular (e g., at ninety degrees, or almost ninety degrees such as between
eighty degrees and one hundred degrees) to a direction of motion of that cartridge into and
out of frame 70a, about 6-14 inches (e.g., 6-10 inches) in length, and about 1-4 inches (e.g.,
1-3 inches) in height.

[0044] The medication containers S5a and 65a can be configured to lay flat on a
surface {e.g., a shelf) that can support the bottom of those medication containers. For the
medication container Sa, the surface of the frame 60a adjacent to the bottom surface of the
drawer 50a can be contigured to rest on the shelf. Such configuration can provide stability to
the medication containers Sa and 65a.

[0045] FIGURE 2A illustrates a medication container 75a, in which the drawer
50a can slide into and out of the frame 80a, which includes hooks 90a that allow: (1) the

medication container 75a to be hung (e.g., from a shelf such as in a refrigerator), and/or (2)
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the medication container 75a to be stacked with another medication container 75a. Two
medication containers 75a can be stacked for purposes of physically storing the medication
containers 75a to minimize storage space. Such stacking can involve in some
implementations matingly connecting hooks 90a located at the top or bottom of one
medication container 75a to corresponding features {e.g., loops or recesses) in the bottom or
top, respectively, of another medication container {e.g., another container 75a). The
container 75a can be the same as or similar to container Sa (FIGURE 1A) in all other
respects.

[0046] FIGURE 2B illustrates a medication container 95a, in which the cartridges
10a, 20a, 30a and 40a can individually slide into and out of the frame 100a, which includes
hooks 110a that allow: (1) the medication container 95a to be hung (e.g , from a shelf such as
in a refrigerator), and/or {2) the medication container 95a to be stacked with another
medication container 95a. Two medication containers 95a can be stacked for purposes of
physically storing the medication containers 95a to minimize storage space. Such stacking
can involve 1n some implementations matingly connecting hooks 110a located at the top or
bottom of one medication container 952 to corresponding features {e.g., loops or recesses) in
the bottom or top, respectively, of another medication container {(¢.g., another container 95a).
The container 95a can be the same as or similar to container 65a (FIGURE 1B) in all other
respects.

[0047] FIGURE 3 illustrates an exploded view showing various components of
the medication container Sa of FIGURE 1 A. The medication container 5a can include, in
addition to the components discussed above, a magnet 120a, a wireless circuit board
embedded with various components such as a sensor 140a (e.g., a switch such as a reed
switch to detect whether the magnet 120a has moved), a wireless antenna 150a, a battery

160a, a back-plate 130a, and four fasteners 170a.
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[0048] The magnet 120a can be either attached to or placed adjacent to the drawer
50a. When the magnet 120a movably translates within the frame 60a, the sensor 140a can
detect whether the magnet 12 has moved, thereby indicating whether the drawer 50a has slid
into or out of the frame 60a. The wireless circuit board can include in some implementations,
in addition to the sensor 140a, other electronic components such as a microprocessor, a
wireless module, radio-frequency {(RF) circuitry, power circuitry, and one or more integrated
sensors. This microprocessor can transmit, via the wireless antenna 150a and to a server
computer via a communication network, the data indicating whether the drawer S0a has slid
into or out of the frame 60a and/or other data (e.g., other data produced by other sensor(s)
described by the present disclosure, such as one or more cartridge sensors described below in
connection with FIGURES S, 6A and 6B). The communication network can be one or more
of alocal area network, a wide area network, internet, intranet, Bluetooth network, infrared
network, any other network, and any combination thereof. The battery 160a can supply
power to the entire medication container Sa. The battery can be integrally instalied within the
frame 60a. The back-plate 130a can secure all of the electronic components, using four
fasteners 170a. Systems and methods for enabling a device to communicate information
including sensor data to a server via a communication network are described in U.S. Patent
No. 8,754,769, which 1s hereby incorporated by reference herein in its entirety.

10049} The magnet 120a can be made {rom rare-earth materials, such as
neodymium. While neodymium is described, in alternate implementations the magnet 120a
can be made of other rare-earth materials, such as one or more of samarium cobalt,
neodymium, any alloy of rare-earth elements (e.g , elements in the lanthanide series, plus
scandium and yitrium), other rare-earth materiafs, and any combination thereof. tUsing rare-

earth materials for the magnet 120a makes the magnet a strong permanent magnet, which can
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cause the magnet to have and maintain for a long time {e.g., many years) a strong magnetic
field, which advantageously does not need its own power source for at least that time.

[0058] FIGURE 4A illustrates electronic components of the medication container
5a when the drawer S0a is in an extended (fully or partially extended) configuration. The
electronic components can include a magnet 120a, a wireless circuit board embedded with,
fixed to, or adjacent to various components such as a back-plate 130a, and a sensor 140a to
detect movement of drawer 50a by determining whether the magnet 120a has moved. In the
extended configuration, the distance 180a between the magnet 120a and the back-plate 130a
can be, for example, the maximum possible or alternatively less than the maximum possible
but the distance at which sensor 140a detects and registers a change in the status in movement
of the drawer 50a. In some implementations, the sensor 140a may not register a movement of
drawer 50a so fong as the magnet 120a has moved less than the distance 180a. The distance
180a in some implementations can be, for example, 0.25 inches, or within the range of 0.125
inches to 5 inches. In an alternate implementation, the sensor 140a can be configured to
detect whether the magnet 120a has moved as long as the magnet 120a is within another
preset the distance from the magnet 120a, wherein the preset distance can be less than the
distance 180a. In another alternate implementation, this preset distance can be more than or
equal to the distance 180a.

[0051] FIGURE 4B illustrates some electronic components of the medication
container Sa when the drawer 50a is in a fully retracted configuration. The drawer can be
extended to achieve the extended configuration of FIGURE 4A.

[0052] FIGURE 5 illustrates another implementation of a sensor 190a within the
medication container 5a. The sensor 190a can be a cartridge sensor that detects the presence
of, or absence of, a cartridge within the medication container 5a. In some implementations,

the medication container Sa can include a separate sensor 190a for each cartridge 10a, 20a,
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30a and 40a, in which case each sensor 190a can detect the presence of, or absence of, each
corresponding cartridge. In some implementations, alternatively or additionally the sensor
190a detecting the presence or absence of a cartridge in the medication container Sa, the
sensor 190a can detect an amount of content {e.g., weight, number of pills, or quantity of
fiquid medication) within the cartridge 10a, 20a, 30a or 40a. In the implementation shown in
FIGURE S, sensor 190a can include a plurality of (e.g., two or more) electrodes (e.g., metal
electrodes) in an interleaved, interdigitated pattern. The electrodes of the sensor 190a can be
generally flat (e g., flat or almost flat} and generally contained within a two-dimensional
plane. The electrodes can span the entire or substantially the entire compartment in which the
corresponding cartridge is to be received. In other implementations, the electrodes can span
only a portion {e.g., approximately three-quarters, approximately half, or less) of the
compartment in which the corresponding cartridge is to be received. In some
implementations, one or more sensor(s) that are the same as or similar to sensor 190a can be
included in one or more (e.g, all) of the slots of the medication container 65a (FIGURE IB),
for example, on or within a bottom (e.g., floor) portion of the slots do determine whether one
or more cartridge(s) 10a, 20a, 30a and 40a are present and/or the amount of content of the
medication in one or more of the cartridge(s) 10a, 20a, 30a and 40a.

[0053] In various implementations, each sensor 190a can determine whether one
or more cartridge(s} 10a, 20a, 30a or 40a are present within drawer S0a and/or the content of
the medication container Sa or any cartridge 10a, 20a, 30a or 40a (e.g., weight, number of
pills, or quantity of liquid medication) via touch, capacitance, weight, light, visual queue, or
any other manner. For example, each sensor 190a can be a capacitance sensor or a touch
sensor. The sensor 190a can be embedded onto or otherwise affixed to the drawer 50a. Each
sensor 190a can be connected (e.g., via a wired connection) or otherwise in communication

with (e ¢., via a wireless connection) the wireless circuit board, providing the wireless circuit
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board data about presence, absence, and/or contents of the cartridges 10a, 20a, 30a and/or
40a. In some implementations, the connection between one or more sensors 190a and the
circuit board may be by way of a flexible cable (e.g,, ribbon wire). In some implementations,
the connection between one or more sensors 190a and the circuit board may be by way of a
metal contact {(e.g., rail or strip} that is electrically connected to the sensor 190a and is
partially exposed on an exterior portion of the drawer 50a and that, when the drawer S0a is
inserted into the frame 60a, makes electrical contact with a corresponding metal contact that
15 electrically connected to the circuit board and that is exposed on a portion of the frame 60a.

(0054} in one example, each sensor 190a can be a binary capacitance based touch
sensor, which can be configured to detect the presence and/or absence of a single cartridge
10a, 20a, 30a or 40a in a corresponding slot for that cartridge. In this example, a contact
between the cartridge 10a, 20a, 30a or 40a and the sensor 190a yields a change in capacitance
of the sensor 190a, which the sensor 190a can translate into a binary detection of that
cartridge being instatled or removed from the medication container Sa. The wireless circuit
board that includes or otherwise communicates with the sensor 190a can further include a
capacitance-to-digital converter integrated circuit that can measure and indicate the
capacitance and, in some implementations, compare it to a threshold to determine if the
measured capacitance is indicative of a cartridge being present or absent. The medication
container 5a can include an array of sensors 190a, which can detect installation or removal of
an array of cartridges 10a, 20a, 30a and 40a.

[0055] The wireless circuit board can communicate, via a communication
network, the details of the detections by the one or more sensors and/or processing of the
same by one or more processors of the circuit board of the medication container with a
remote server computer that can use those details, for example, to generate one or more

reminders and alerts for a patient, caregiver, and/or other party {(e.g, a pharmacy}), as shown
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for exampie in FIGURE 6C. The communication network can be one or more of a local area
network, a wide area network, internet, intranet, Bluetooth network, infrared network, any
other network, and any combination thereof. In various implementations, the wireless circuit
board can be affixed to or housed by the frame of the medication container {e.g., frame 60a or
70a}. In various implementations, the wireless circuit board can be aftixed to or housed by
the drawer (e.g., drawer 50a).

[0056] FIGURE 6A illustrates a plurality of infrared distance sensors 200a each
configured to detect the presence or absence of a cartridge 10a, 20a, 30a or 40a in a slot
corresponding to that cartridge.

[0057] FIGURE 6B illustrates components of the sensor 200a. The sensor 200a
can be embedded onto, affixed to, or at least partially integrated with or housed by the frame
60a. The sensor 200a can include a transmitter 210a and a receiver 220a. The sensor 200a
can be an infrared sensor, which can detect interference between the transmitter 210a and the
receiver 220a. Such detection can indicate whether the corresponding cartridge 10a, 20a, 30a
or 40a is instalied or removed within a threshold distance 230a. The threshold distance 230a
can represent the range of distance within which the presence of a cartridge 10a, 20a, 30a or
40a can be detected. That is, the cartridge 10a, 20a, 30a or 40a is detected if it is within the
threshold distance 230a. The sensor can transmit or electronically provide data
characterizing the detection to the circuit board of medication container Sa. The sensor can
communicate via a wired or wireless connection with the circuit board. An array of sensors
200a can be used to detect an array of cartridges 10a, 20a, 30a or 40a.

10058} The wireless circuit board can communicate, via a communication
network, the details of the detections by the one or more sensors 200a and/or processing of
the same by one or more processors of the circuit board of the medication container with a

server computer that can use those details to generate one or more reminders and alerts for a
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patient, caregiver, and/or other party (e.g., a pharmacy), as shown for example in FIGURE
6C. The server computer can be remote to the wireless circuit board, such as in a different
room within a same building, a different building, a different city, a different state, a different
country, or any remote distance. The communication network can be one or more of a local
area network, a wide area network, internet, intranet, Bluetooth network, infrared network,
any other network, and any combination thereof.

[0033] FIGURE 6C illustrates a server computer 240a that can communicate with
the circuitry on a medication container (e.g., medication container Sa, 65a, 75a or 95a} to
generate one or more reminders and/or alerts for a patient, a caregiver, a pharmacy, any other
individual or entity, and/or any combination thereof. The server computer 240a can include
at least one communication receiver 250a, at feast one database 260a, at least one
programmable processor 270a, and at least one communication transmitter 280a. The at least
one programmable processor 270a can be, in different implementations, a processor, a
microprocessor, a controller, a microcontroiler, a data processor, a programmable data
processor, and/or the like. In vartous implementations, the server computer 240a may be in
two-way communication with the medication container and/or one or more other computers
(e.g., one or more computers 310a).

[0066] In various implementations, the at least one communication receiver 250a
of the server computer 240a can be configured to receive data via the first communication
network 290a trom circuitry on one or more medication containers described herein (e.g., a
medication container 3a, 65a, 75a or 95a containing one or more cartridges 10a, 20a, 30a, and
40a). Such data can be, for example, data corresponding to one or more measurements (e.g.,
binary detections) of one or more of the sensors described herein, such as: one or more sensor
measurements indicating opening and/or closing of a drawer of a medication container {e.g.,

shiding in or out of the drawer 50a) and/or timing data (e.g , via a timestamp) indicating a



WO 2018/064260 PCT/US2017/053888

time of such opening and/or closing as identified by the one or more sensors or the one or
more processors of the medication container; one or more sensor measurements indicating
whether one or more cartridges (e.g., 10a, 20a, 30a, and 40a) is present within one or more
slots of a medication container {e.g., one or more measurement(s) indicating whether
cartridges have been inserted to and/or removed from the medication container} and/or timing
data (e.g., via a timestamp) indicating a time of such insertion and/or removal the cartridge(s)
as identified by the one or more sensors or the one or more processors of the medication
container; and/or one or more sensor measurements indicating a quantity of medication
within a medication container or one or more cartridges (e.g., cartridges 10a, Z0a, 30a, and
40a of a medication container) and/or timing data (e.g., via a timestamp) indicating a time of
such measurements as identified by the one or more sensors or the one or more processors of
the medication container. Based at least in part on the receipt of such data, and/or other data
(e.g., historical data stored by or otherwise accessible to the server computer in a database
260a, such as data indicating one or more previous measurements received by the one or
more sensors and/or timing data regarding timing of such measurements), the server
computer including one or more processors 270a can determine whether at least one criterion
1s satisfied and based on the determination trigger one or more reminders and/or alerts to a
patient, a caregiver, and/or other entity (e.g., a pharmacy). For example, such alerts, which
can include text, audio, imagery, video, or any combination thereof, can be transmiited to the
medication container(s) themselves {e.g., medication containers Sa, 65a, 75a or 95a) and/or to
other computing devices (e.g., computing devices 310a).

[0061] In some implementations, the communication network can receive data
from a medication container {e.g., medication container 5a, 65a, 75a, and/or 95a) indicating
that one or more of the medication containers Sa, 65a, 75a and/or 95a is 1n need of a refill of

medication {e.g., when medication container 5a, 65a, 75a and/or 95a is used to dispense

30



WO 2018/064260 PCT/US2017/053888

medication at a pharmacy or other facility). In some implementations, the communication
network can receive data from a medication container {e.g., medication container 5a or 65a})
indicating that a patient has or is likely to have missed a dose of medication (e.g., when
medication container 5a, 65a, 75a and/or 95a 1s utilized for a particular patient).

0062} In one aspect, the at feast one communication receiver 250a can be
configured to receive, via a first communication network 290a and from circuitry on a
medication container 5a, 65a, 75a or 95a, data indicating that a preset amount of content
within the one or more cartridges 10a, 20a, 30a or 40a was not withdrawn within a preset
amount of time. For example, this data can indicate whether the cartridges themselves are
present and/or have been removed (e g., a binary detection), as determined, for example, by
one or more sensors configured to detect the presence or absence of one or more of the
cartridges. Alternatively or additionally, this data can identify one or more specitic amounts
or guantities of contents with one or more cartridges {e.g., weight or guantity of liquid
medication or pills), as determined, for example, by the one or more sensors configured to
determine a weight or quantity within one or more cartridges. The at least one database 260a
can be communicatively coupled to the at least one communication receiver 250a. The at
least one database 260a can be configured to store at least the received data. The at least one
programmable processor 270a can be communicatively coupled to at least one of (e.g., both
of) the at feast one communication receiver 250a and the at least one database 260a. The at
least one programmable processor 270a can determine, upon or subsequent to the receiving of
the data, whether at least one criterion is satisfied, the at least one programmable processor
270a generating an alert when the at feast one criterion is satisfied. The at least one
communication transmiiter 280a can be communicatively coupled to the at least one
programmable processor 270a. The at least one communication transmitter 280a can be

configured to transmit, via a second communication network 300a, one or more alerts to a
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computing device 310a {(e.g., a pharmacy computer) and/or the medication container (e.g.,
medication container Sa, 65a, 75a or 95a).

10063] The indication that the preset amount of content within the one or more
cartridges 10a, 20a, 30a or 40a was not withdrawn can indicate that a dose of medication
contained within the medication container 5a, 65a, 75a or 95a was missed or otherwise not
removed or dispensed within the preset amount of time. Each computing device 310a is one
of a desktop computer, a laptop computer, a tablet computer, a phablet computer, and a
celluiar phone. In one implementation, the computing device 310a can be configured to be
operated by a patient using the medication container 5a, 65a, 75a or 95a. In another
implementation, the computing device 310a can be configured to be operated by at least one
of: a caregiver {e.¢., hospital, clinician, doctor, nurse, technician, clinical statf member,
and/or any other caregiver) treating a patient using the medication container Sa, 65a, 75a or
95a, a pharmacy authorized to provide medication to one or more patients, and a healthcare
company authorized to obtain healthcare data of one or more patients. In one
implementation, the first communication network 290a can be same or substantially the same
as the second communication network 300a (e.g., internet). In an alternate impiementation,
the first communication network 290a can be different and separate from the second
communication network 300a. The tirst communication network 290a can be one or more of
a local area network, a wide area network, internet, intranet, Bluetooth network, infrared
network, any other network, and any combination thereof. The second communication
network 300a can be one or more of a local area network, a wide area network, internet,
intranet, Bluetooth network, infrared network, any other network, and any combination
thereof.

[0064] In one implementation, the satisfying of the at least one criterion can be a

risk level of a user such as a patient or other entity (e.g., pharmacy) exceeding a threshold
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value. For example, the at least one processor 270a can determine an estimated risk for a
user (e.g., patient) or entity {e.g., pharmacy) and determine that the estimated risk exceeds a
defined level of tisk that the patient will not adhere to a medication regimen, or that a
pharmacy or other entity will not dispense medication as expected. The at least one
programmable processor 270a can compute the risk level based on at least in part historical
data stored in the database 260a. For example, the historical data used by the at least one
processor 270a to compute the risk level can include one or more of: an adherence score
characterizing a likelihood of adherence of a patient to a medication regimen or a pharmacy
or other entity following an expected dispensing schedule, a pattern of withdrawing
medication from the medication container 5a, 65a, 75a or 95a, a pattern of refilling the
medication container Sa, 65a, 75a or 95a {e.g., with one or more cartridges as detected by one
or more cartridge sensors), a type of medication in the medication container Sa, 65a, 75a or
95a, data indicative of expected removal of medication by a user, pharmacy or other entity,
one or more dosage requirements for consuming the medication, timing of one or more prior
communications between the circuitry of the medication container and the at least one
communication receiver 250a, data exchanged between the circuitry of the medication
container and the at least one communication receiver 250a during the one or more prior
communications, and one or more errors noted with respect o the one or more prior
communications.

[0065] The at least one processor 270a of a server computer according to various
implementations can determine an adherence score characterizing a likelihood of adherence
of a patient to a medication regimen. For example, the adherence score can be based at least
in part on past adherence of the patient to the same or a different medication regimen. The
adherence score can be a calculated value or score reflecting a patient’s past adherence to a

medication regimen, such as the fraction or percentage of days the patient has or is likely to
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have consumed medication on the days the patient was supposed to consume medication as
per the patient’s medication regimen (“on” days}, where in some variations the server
computer calculating the value or score can specifically exclude from the calculation of the
score, or alternatively treat differently in the calculation of the score, days of the medication
regimen tor which a patient was not supposed to consume medication {*“off” days). For
example, for some medications, the medication regimen will require a patient to take the
medication for a preset number of “on” days {e.g., 21 days) followed by another preset
number of “off” days for which the patient is not supposed to consume the medication (e.g., 7
days). The at least one database 260a can store data regarding such a medication regimen for
a patient, or any other medication regimen containing any other pattern or instructions
regarding “on” and/or “off” days, and the at least one processor 270a of a server computer
can exclude or consider difterently such “oft” days when calculating an adherence score for
the patient. For example, if the at least one processor 270a of the server computer in the
above example accesses data indicating that the patient consumed medication on 18 of the 21
“on” days and none of the 7 “off” days, the patient’s adherence score can be 18/21 or 0.857
(i.e, the oft days can be ignored). If the threshold for high-risk patient is 0.90 or less, the at
least one processor 270a of the server computer can identify the patient as a high risk patient
by determining that the patient’s statistic of 0.857 is less than 0.90. As another example, if
the at least one processor 270a of the server computer accesses data indicating that the patient
consumed medication on 21 of the 21 “on” days (i.e., the patient took medication on every
day the patient was supposed to) but also consumed the medication on 6 of the 7 “off” days
(i.e., non-adherence for 6 of the 7 off days), the patient’s adherence score can be 22/28 or
0.785 (i.e., taking medication on “off” days counts negatively against the patient). If the
threshold for high-risk patient is 0.90 or less, the at feast one processor 270a of the server

computer can identity the patient as a high risk patient by determining that the 0.785 is less
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than 0.90. In still another example, if the at least one processor 270a of the server computer
accesses data indicating that the patient consumed medication on 21 of the 21 “on” days (i.e,
the patient took medication on every day the patient was supposed to} but also consumed the
medication on 3 of the 7 “oft” days (i.e., non-adherence for 3 of the 7 “off” days), the
patient’s adherence score can be 26.5/28 or 0.946 (i.e., reflecting that the system discounts
non-adherence on “off” days by 50%, i e., 3 non-adherent “oft” days equals 1.5 missed days
when calculating the patient’s score). If the threshold for high-risk patient is 0.90 or less, the
at least one processor 270a of the server computer can identity the patient as a fow risk
patient by determining that the 0.946 is greater than 0.90. In the above example, without the
discount for “off” days, the patient’s adherence score could alternatively be 25/28 or 0.892
and the at least one processor 270a of the server computer could identify the patient as a high
risk patient by determining that the 0.892 is less than 0.90. The at least one processor 270a of
the server computer can compare the calculated value or score for a patient to a threshold
value or score to identify whether the patient is high-risk for non-adherence to directly trigger
one or more alerts to a medication container and/or to another one or more computers. In
some variations, the at least one processor 270a of the server computer can consider the
patient’s value or score and the threshold value or score together with one or more additional
criteria in order to determine whether to trigger one or more alerts to a medication container
and/or to another one or more compiters. In some variations, the at least one processor 270a
of the server computer can determine an adherence score for a pharmacy or other entity in a
like manner as described above by comparing data regarding an expected medication
dispensation schedule for the pharmacy or other entity to actual data regarding medication
dispensation by the pharmacy or other entity.

0066} In another implementation, the satistying of the at least one criterion can

be determined by data indicative of lack of withdrawal of the preset amount of content within
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the one or more cartridges 10a, 20a, 30a or 40a within another preset amount of time {e.g., a
prior time period, which can indicate a pattern of missed doses or failure to dispense
medication). In some implementations, this data can be historical data that is used alone or in
combination with other historical data identified above to determine a risk level for a user
such as a patient or other entity such as a pharmacy. The lack of withdrawal of the preset
amount within the other preset amount of time can indicate that a dose or other removal of
medication contained within the medication container 5a, 65a, 75a or 95a was missed within
the other preset amount of time. The data indicating the lack of withdrawal of the preset
amount within the other preset amount of time can be stored in the database 260a. The at
least one programmable processor 270a can determine the lack of withdrawal of the preset
amount within the other preset amount of time by receiving from the database 260a the data
indicating the lack of withdrawal of the preset amount within the other preset amount of time.
[0067] In yet another implementation, the satisfying of the at least one criterion
can be the withdrawal of the preset amount of content within the one or more cartridges 10a,
20a, 30a or 40a after the preset amount of time. The withdrawal of the preset amount of
content within the one or more cartridges 10a, 20a, 30a or 40a after the preset amount of time
can indicate that a patient took the medication late or that it was dispensed late by a pharmacy
or other entity. The at least one programmable processor 270a can be configured to receive,
from the circuitry on the medication container Sa, 65a, 75a or 95a, data indicating withdrawal
of the preset amount of content within the one or more cartridges 10a, 20a, 30a or 40a. The
at least one programmable processor 270a can identify a time of the receiving of the data
indicating the withdrawal (e.g., as indicated by timing data received from the medication
container or generated locally by the at least one processor 270a or other circuitry of the

server computer) to determine whether the withdrawal 1s after the preset amount of time.
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[0068] in another implementation, the satisfying of the at least one criterion can
be a refilling of at least one cartridge of the one or more cartridges 10a, 20a, 30a or 40a after
a preset amount of time. The refilling of the at least one cartridge after the preset amount of
time can indicate that the refilling of the at least one cartridge was fate. The at least one
programmable processor 270a can be configured to receive, from the circuitry on the
medication container Sa, 65a, 75a or 95a, data indicating the refilling of the at least one
cartridge (e.g., data generated by one or more cartridge sensors of the medication container).
The at least one programmable processor 270a can identify or determine a time of the
refilling of the at {east one cartridge to determine whether the refilling was late.

[0069] The alert, as described herein, can be data that activates an alarm, which
can be audio, visual, or both. In varous implementations, the alert can be one or more of: a
text message, a voice message, a video message, a social media message, an email, a web
pop-up, a pager message, any other message, and any combination thereof. The alert can be a
reminder in some implementations.

[007¢] In another aspect, the at least one communication receiver 250a can be
configured to receive, via a first communication network 290a and from circuitry on a
medication container Sa, 65a, 75a or 95a, data indicating that one or more cartridges 10a, 20a,
30a or 40a of a medication container Sa, 65a, 75a or 95a were not refilled within a preset
amount of time. The at least one programmable processor 270a can be configured to generate
an alert upon the receiving of the data. The at least one communication transmitter 280a can
be configured to transmit, via a second communication network 300a, the alert to a
computing device 310a and/or the medication container itself.

[0071] In some implementations, the at least one processor 270a is configured to
determine that a medication container or cartridge within a medication container has not been

refilled according to an expected schedule based at least in part on the at least one processor
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270a not receiving a communication from the medication container within a preset amount of
time. For example, the at least one processor 270a can trigger an alert {¢.g., reminder) to the
medication container and/or another one or more computing devices 310a based at least in
part on the at least one processor 270a identifying that the one or more drawer sensors and/or
one or more cartridge sensors of the medication container have not been activated within a
period of time that exceeds a preset amount of time. The preset amount of time can be set or
identified by the at least one processor 270a based at least in part on data stored in database
260a and accessible to the at least one processor 270a indicating one or more of: a medication
regimen for a patient that identifies an expected frequency of the patient taking a dose; an
expected dispensation schedule for a pharmacy or other entity or facility identitying how
tfrequently medication is expected to be dispensed; and/or an expected refill schedule for the
medication container or a cartridge contained within the medication container. The at least
one processor 270a can compare this data, for example, to data indicating the last time the at
feast one processor 270a received a communication from the one or more sensors of the
medication container to determine if the preset amount of time has lapsed without at least one
processor 270a receiving a further one or more communications from one or more sensors of
the medication container. Based at least in part on {e.g., based solely on) the determination,
the at least one processor 270a can trigger one or more alerts to the medication container
and/or another one or more computing devices 310a.

10072} in one implementation, the computing device 310a can be configured to be
operated by a patient. In another implementation, the computing device 310a can be
configured to be operated by at least one of: a caregiver treating the patient, a pharmacy
authorized to provide medication to the patient, and a healthcare company authorized to

obtain healthcare data of the patient.

38



WO 2018/064260 PCT/US2017/053888

[0073] in another aspect, the at least one communication receiver 250a can be
configured to receive a message (e.g., text message or response to a graphical prompt on the
medication device itself or on a webpage) from a first computing device 310a and/or the
medication container itself via a tirst communication network 290a. The at least one
programmable processor 270a can generate an alert upon the receiving of the message. The
at least one communication transmitter 280a can be configured to transmit, via a second
communication network 300a, the alert to a second computing device 310a.

10074} The tirst computing device 310a can be configured to be operated by a
patient. The second computing device 310a can be configured to be operated by at least one
of’ a caregiver treating the patient, a pharmacy authorized to provide medication to the
patient, and a healthcare company authorized to obtain healthcare data of the patient. In one
implementation, the message can include a request for additional care.

[0075]  FIGURES 7A-7C. 8A. 8B, 9A-9C, 10A, 10B, 11A-11C, 12A-12C, 13A-
13C, 14A, 14B, and 15-15C illustrate some implementations of removable cartridges within a
medication container {e.g., bottle) according to some implementations of the current subject
matter.

[0076] FIGURE 7A illustrates a removable cartridge 10b configured to be
inserted into a smart medication container 20b. The cartridge 10b can be installed vertically
into the medication container 20b. In some implementations, the cartridge 10b can be fitted
tightly within the medication container 20b while aliowing the original cap of the medication
container 20b to still be used without any modification to the cap. The cartridge 10b is
configured to be easily installed and removed by a user, such as a patient. The cartridge 10b
can be configured to store any type of medication, such as one or more of tablets, capsules,
powder, and liquid. In some implementations, the cartridge 10b can have a height that is

equal to or approximately equal to the height of medication container 20b. In some
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implementations the cartridge 10b can have a height that is less than the height of medication
container 20b, but more than half the height of medication container 20b. In some
implementations, the length and width of cartridge 10b (in directions perpendicular or
substantially perpendicular to the height of cartridge 10b) can be less than the length and
width of medication container 20b, but more than half the length and width of medication
container 20b within a body portion of medication container 20b. In one implementation, the
cartridge 10b can have dimensions of 1 .75 inches x 3 inches x 1.7S inches, and in other
implementations the cartridge can be within the ranges of about 1 to 3 inches wide, about 2 to
7 inches high, and about 1 to 3 inches in length.

[0077] FIGURE 7B illustrates that the outer shape of the cartridge 10b can
conform to the inner shape of the medication container 20b. In some implementations, the
cartridge 10b can be made of plastics such as low-density polyethvlene (LDPE), high-density
polyethylene (HDPE), polypropylene (PP), other plastics, any other materials, and/or any
combination thereof. The cartridge 10b can be fabricated by injection molding, blow
molding, thermoforming, and/or any other method. In some implementations, the cartridge
10b can include an adhesive at one or more specific locations on the outer surface of the
cartridge 10b for permanent installation of the cartridge 10b within the medication container
20b.

10078} The cartridge 10b can advantageously serve in some implementations as a
wall-thickener tor the smart medication container 20b, thereby enabling an increased:
resistance to chemicals, resistance to permeability of moisture, resistance to oxygen
permeability, and rigidity of the structure. In some implementations, the cartridge 10b can
have a portion that extends out from the body of the medication container 20b to serve as a
handle or grip, which can allow a user to insert and remove the medication container 20b as

needed.
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[0079] FIGURE 7C illustrates the position where the cartridge 10b has been fully
inserted into the medication container 20b. FIGURE 7C illustrates a position wherein the
cartridge 10b is partially removed from the medication container 20b. FIGURE 7A illustrates
a position in which the cartridge 10b is fully removed trom the medication container 20b.

{0080} In some implementations, the medication container 20b can be a bottle.
The medication container 20b can have a generally cvlindrical (e.g., cylindrical or almost
cylindrical) or jar-like shape. The medication container 20b can include a body portion and a
top portion for receipt of a cap. Medication container 20b can have a width and fength of
approximately 2.37 inches 1n its body portion. The height of the medication container 20b
along both its body portion can be approximately 3.4 inches, and the height of the top portion
(which is the portion with threads that enable the medication container 20b to be closed with
a cap) can be approximately 0.6 inches. As shown, the top portion can have threading or at
least one ridge for receipt of a correspondingly threaded or configured cap (e.g., a twist-on or
snap-fit cap). In other implementations, the medication container can have a width in a body
portion of about 1 to 4 inches, a length in a body portion of about 1 to 4 inches, and a height
of about 3 to 6 inches.

[0081] FIGURE 8A illustrates a first implementation of another cartridge 30b that
is configured to be removably inserted (that is, can be removed after insertion} into the smart
medication container 20b. A single flat wing 35b can be a part of the cartridge 30b. The flat
wing 35b can display information about the medication contained within the medication
container 20b and/or function as a handle. The flat wing 35b can be rectangular-shaped or
square-shaped. The flat wing 35b can have a width and length that is less than or equal to the
width and length of the medication container 20b. The cartnidge 30b can be fitted tightly
within the medication container 20b while allowing the original cap of the medication

container 20b to still be used without any modification to the cap. As shown, the flat wing
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35b can be connected by a thin and fow-profile tab to a portion of the cartridge 30b that is
intended to reside within an interior cavity medication container 20b. The thin tab can
include a first elbow joint at or near the top of the cartridge 30b and another elbow joint at or
near the location where a body portion of the medication container 20b meets a top portion of
the medication container 20b that is configured for receipt of a cap. The cartridge 30b can be
configured to be easily installed and removed by a user, such as a patient. The cartridge 30b
can be configured to store any type of medication, such as one or more of tablets, capsules,
powder, and liguid.

[0082] The cartridge 30b can be made of plastics such as low-density
polyethylene {LDPE), high-density polyethylene (HDPE), polypropylene (PP), other plastics,
any other materials, and/or any combination thereof. The cartridge 30b can be tabricated by
injection molding, blow molding, thermoforming, and/or any other method. In some
implementations, the cartridge 30b can include an adhesive at one or more specific locations
on the outer surface of the cartridge 30b for permanent installation of the cartridge 30b within
the medication container 20b. The cartridge 30b can be fabricated by thermoforming, die-
cutting, extrusion, any other method, or any combination thereof.

[0083] The medication information can be applied on the flat wing 35b via direct
screen printing, thermal transfer, label application, any other method, or any combination
thereof.

[0084] FIGURE &B illustrates another implementation of a cartridge 40b that is
configured to be removably inserted (that is, can be removed after insertion) into the smart
medication container 20b. A round or generally round and continuous wing 45b can be a part
of the cartridge 40b. This wing 45b can surround the entire medication container 20b from
all sides in some implementations. In an alternate implementation according to some

implementations, the round wing 45b can partially cover the medication container 20b. The
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round wing 45b can display information about the medication contained within the
medication container 20b. The cartridge 40b can be fitted tightly within the medication
container 40b while allowing the original cap of the medication container 20b to still be used
without any modification to the cap. The cartridge 40b can be configured to be easily
installed and removed by a user, such as a patient. The cartridge 40b can be configured to
store any type of medication, such as one or more of tablets, capsules, powder, and liquid. In
some implementations, other elements of cartridge 40b as shown can be similar to the
elements of cartridge 30b describes above.

[0085] The cartridge 40b can be made of plastics such as low-density
polyethylene (LDPE), high-density polyethylene (HDPE), polypropvlene (PP), other plastics,
any other materials, and/or any combination thereof. The cartridge 40b can be fabricated by
injection molding, blow molding, thermoforming, and/or any other method. In some
implementations, the cartridge 40b can include an adhesive at specific locations on the outer
surface of the cartridge 40b for permanent installation of the cartridge 40b within the
medication container 20b. The cartridge 40b can be fabricated by thermoforming, die-
cutting, extrusion, any other method, or any combination thereof.

[0086] The medication information can be applied on the round wing 45b via
direct screen printing, thermal transfer, label application, any other method, or any
combination thereof.

[0087] FIGURE 9A illustrates a plug 50b that can be inserted onto the cartridge
10b to seal or close the cartridge 10b. The sealing or closing of the cartridge 10b can prevent
the falling out of the contents within the cartnidge 10b. The plug 50b can include features,
such as a flap or tab, that can enable a removal of the plug 50b from the cartridge 10b by a
user. The plug 50b can need to be removed in order to retill the contents of the cartridge 10b.

The plug 50b can thus enable the cartridge 10b to act as a stand-alone container for
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medication. The plug 50b can also provide space for placing a label identifying the contents
within the cartridge 10b. The plug 50b can be made of same or similar material(s}) as that
torming the cartridge 10b. In some implementations, the same or a similar plug 50b can be
provided on cartridges 30b and 40b.

{0088} FIGURE 98B illustrates the cartridge 10b that has been closed or sealed
with the plug 50b.

[0089] FIGURE 9C illustrates a vertical cross-section of the cartridge 10b that has
been closed or sealed with the plug SOb.

{0090} FIGURE 10A illustrates a liner 60b that can be attached to the top of the
cartridge 10b via an induction sealing mechanism. The liner 60b can also be referred to as an
induction liner. While induction sealing mechanism is described for attaching the liner 60b
to the top of the cartridge 10b, in alternate implementations other attachment mechanisms can
be used, such as one or more of gluing, nailing, stitching, or any other attachment mechanism
or combination thereof. The sealing or closing of the cartridge 10b can prevent the falling
out of the contents within the cartridge 10b. The liner 60b can include features, such as a flap
or tab, that can enable a removal of the liner 60b from the cartridge 10b by a user. The liner
60b can need to be removed in order to refill the contents of the cartridge 110b. The liner
60b can thus enable the cartridge 10b to act as a stand-alone container for medication. The
finer 60b can also provide space for placing a label identifying the contents within the
cartridge 10b. The liner 60b can be made of same or similar material(s} as that forming the
cartridge 110b in some implementations. In some implementations, the liner 60b can be
made of one or more of foam, paper, aluminum, or any other material or combination thereot.
In some implementations, liner 60b can have a thickness that is about 0.035 inch. In other

implementations, the liner 60b can have a thickness of 0.02 inches to about 0.05 inches, or
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about 0.01 inches to about 0.2 inches. In some implementations, the same or a similar liner
60b can be provided on cartridges 30b and 40b.

[0091] FIGURE 10B illustrates the cartridge 10b that has been closed or sealed
with the liner 60b.

[0092] FIGURE 11A illustrates a snap-fitting feature 80b outside the cartridge
70b to allow a rigid attachment with the medication container. The snap-fitting feature 80b
can be a raised ridge that extends around a circumference of cartridge 70b. The cartridge 70b
can be same as or similar to the cartridge 10b. In some implementations, the same or a
similar snap-fitting feature 80b can be provided on cartridges 30b and 40b.

[0093] FIGURE 11B illustrates the cartridge 70b with the snap-fitting features
80b being inserted within the smart medication container 20b.

[0094] FIGURE 11C illustrates the mechanism of the snap-fitting feature 80b
enabling the snapping between the cartridge 70b and the medication container 20b. During
vertical installation of the cartridge 70b into the medication container 20b, the snap-tit feature
80D can elastically deform, and then snap into corresponding geometry on the inside of the
medication container 20b. The snap-fit features 80b can retain the cartridge 70b inside the
smart medication container 20b, preventing the cartridge 70b from falling out or loosening.
To vertically remove the insert 70b out of the medication container 20b, a force must be
applied, manually or mechanically, to elastically deform the snap-fitting features 80b.

[0095] FIGURE 12A illustrates a cap 90b having geometry that enables the cap
90b to elastically deform and snap to an outside of the cartridge 10b in order to seal or close
the cartridge 10b. The sealing or closing of the cartridge 10b can prevent the contents within
the cartridge 10b from falling out. The cap 90b can include features, such as a flap or tab,
that can assist in removal of the cap 90b from the cartridge 10b by auser. The cap 90b can

need to be removed in order to refill the contents of the cartridge 110b. The cap 90b can thus
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enable the cartridge 10b to act as a stand-alone container for medication. The cap 90b can
also provide space for placing a label identifying the contents within the cartridge 10b. The
cap 90b can be made of same or similar material as that forming the cartridge 10b. For
example, the cap 90b can be made of made of plastics such as low-density polvethylene
(LDPE), high-density polyethylene (HDPE}), polypropylene (PP), other plastics, any other
materials, and/or any combination thereof. In some implementations, the cap 90b can include
features that resist tampering by children. In some implementations, the same or a similar
cap 90b can be provided for closing cartridges 30b and 40b.

[0096] FIGURE 12B illustrates the cartridge 10b sealed or closed with the cap
90b.

{0097} FIGURE 12C illustrates a vertical cross-section of the cartridge 10b sealed
or closed with the cap 90b.

[0098] FIGURE 13A illustrates one or more (e.g., an array of) sensors 100b inside
the smart medication container 20b. The sensor array 100b can detect, for example, whether
the cartridge 10b 1s present in and/or absent from the medication container 20b, and in some
implementations can identify a unique serial number for the cartridge 10b. The sensor array
100b can be a radio frequency identifier (RFID) sensor. The RFID sensor can include an
RFID label on the cartridge 10b and a near field reader in the medication container 20b. The
RFID sensor can advantageously be small, inexpensive, and disposable. Although the RFID
sensor is described, 1n alternate implementations other sensors can be used such as one or
more of capacitance sensors, ultrasonic sensors, infrared sensors, strain gauges, magnetic
sensors, one dimensional (1D) and two dimensional (2D) barcode scanning, near field
communications (NF('), other sensors, RFIID sensors, and/or any combination thereof.

[0099] FIGURE 13B illustrates the cartridge 10b being removed or installed in

the medication container 20b, which includes the array of sensors 100b.
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[00100] FIGURE 13C illustrates the unique serial number 110b for the cartridge
10b, which can be shown and visible on the surface (e.g., for reading by a barcode reader) or,
in some implementations, embedded in a readable device {e.g., RFID tag) for reading by a
corresponding sensor.

[00101] FIGURE 14A illustrates a perforation feature 130b that is a part of the
cartridge 120b. The perforation feature 130b can allow for an easy removal of the cartridge
120b from the smart medication container 20b. After the perforation feature 130b is cut or
otherwise removed completely, the cartridge 120b can flex and shrink in size for easy
removal. The perforation feature 130b can extend along the length, such as a partial length or
alternately the entire length, of the cartridge 120b. The perforation feature can include an
array of holes or slots oriented in the direction of the cartridge 120b. In some
implementations, the perforation feature 130b can pierce through the wall of the cartridge
120b. In some implementations, the same or a similar perforation feature 130b can be
provided on cartridges 30b and 40b.

[00162] FIGURE 14B illustrates a vertical cross-section of cartridge 120b with the
perforation feature 130b.

[00103] FIGURE 15SA illustrates a cartridge 140b with desiccant chamber 150b and
internally stored one or more desiccant packets 160b. The desiccant chamber 150b can be an
integral part of the cartridge 140b. In one implementation, the desiccant chamber 150b can
include the desiccant packet(s) 160b. In another implementation, the desiccant chamber 150b
can be separate from the desiccant packets 160b. The desiccant chamber 150b can include
perforations, which can allow moisture to pass from the medication container 20b and/or the
interior of cartridge 140b into the desiccant packet 160b while physically separating the

contents of the cartridge 140b (e.g., medication stored within the cartridge 140b) from the
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desiccant packet 160b. In some implementations, the same or a similar desiccant chamber
150b and/or desiccant packet{s) can be provided within cartridges 30b and 40b.

[00104] FIGURE 1SB illustrates a perspective view ot a vertical cross-section of
the cartridge 140b with desiccant chamber 150b and internally stored desiccant packet 160b.

[00105] FIGURE 15C illustrates a top view of a horizontal cross-section of the
cartridge 140b showing the desiccant chamber 150b, which is physically above the desiccant
packet 160b.

[00106] FIGURES 16A-16K and 17A-17E illustrate some implementations of a
smart cap ot a medication container according to some implementations of the current subject
matter.

[00167] FIGURE 16A illustrates a medication container 10¢ and a cap 20c¢ thereof.
In some implementations, the medication container 10c can be the same or similar to
medication container 20b.

[00168] FIGURE 16B illustrates a vertical cross-section of the medication
container 10c with the cap 20c thereon, which further shows a cap sensor 30c and a container
sensor 40c. In some implementations, the container sensor 40c can detect whether the cap
sensor 30c 1s present within a threshold distance (e.g., a threshold distance from the container
sensor 40c¢ at the top or a point near the top of the medication container 10c). For example,
this threshold distance can be approximately 0.125 inches, but can be larger or smaller in
other implementations. The cap sensor 30c¢ can be a magnet inside the cap, and can be
detected by the container sensor 40¢.

[00168]  The cap sensor 30c¢ can be inserted and [ocated in a cavity underneath the
exterior surface SOc of the cap 20c. An interior element 60c of the cap 20c is then inserted
underneath the cap sensor 30c such that the cap sensor 30c is covered trom above and below,

as described with respect to FIGURE 16D below.
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{00116} The cap sensor 30c, alone or in combination with the container sensor 40c,
can implement one or more of capacitance sensing, magnet and reed switch technology,
ultrasonic distance sensing, strain-gauge deflection sensing, any other sensing technology,
and any combination thereof. The container sensor 40c, alone or in combination with the cap
sensor 30¢, can implement one or more of capacitance sensing, magnet and reed switch
technology, ultrasonic distance sensing, strain-gauge deflection sensing, any other sensing
technology, and any combination thereof. In one implementation, the cap sensor element 30c
and the container sensor element 40c can implement the same or similar sensing technology
such that they act together to detect an event such as opening and/or closing of the cap and/or
an amount of time the cap remains open and/or closed. The cap sensor 30c and the container
sensor 40c may not implement different sensing technologies to avoid redundancy, as the cap
sensor 30c and container sensor 40c act in unison. In some implementations, the container
sensor 40¢ can also detect the quantity of medication remaining in the container {0c.

[00111]  The cap 20c in some implementations can also be referred to as a smart
cap. Insuch implementations, the cap 20c can include circuitry including a network
interface, at least one programmable processor, a database, an electronic transmitter, and/or
any other circuitry for communicating with a server computer 240a via a communication
network 290a or 300a, as described in detail below in connection with FIGURE 1R,
Alternatively or additionally, in some implementations, some or all of the circuitry for
communicating with a remote server can be included within a body of the medication
container 10c instead of the cap 20c.

[00112] FIGURE 16C illustrates a vertical cross-section of the medication
container 10c with the cap 20c being separate from the medication container 10c.

[00113] FIGURE 16D illustrates that the cap sensor 30c can be inserted and

located in a cavity underneath the exterior surface 50c of the cap 20c, and an interior element
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60c of the cap 20c is then inserted underneath the cap sensor 30c such that the cap sensor 30c
is covered from above and below.

[00114] FIGURE 16E illustrates a close-up of the container sensor 40c¢ showing
that in some implementations it can be positioned in a region of the medication container that
is adjacent to one or more features {e.g., threading or ridges) for receipt of cap 20c.

[00118] FIGURE 17A illustrates a pull-tab component 70c configured to couple
with the medication container 10c. The pull-tab component 70c¢ can include one or more
features {(e.g., tabs or tails) for insertion within a battery compartment of the medication
container 10c. The pull-tab component 70c, when inserted within medication container 10c,
can function to prevent medication container 10c from drawing power from a battery within
medication container 10c. For example, the one or more tabs inserted within container 10¢
can physically separate the battery from one or more battery terminals of the medication
container 10c.

[00116] FIGURE 17B illustrates the puli-tab component 70¢ coupled with the
medication container 10c.

[00117] FIGURE 17C illustrates another view of the pull-tab component 70¢
coupled with the medication container 10c. The pull-tab component 70c can be contigured to
deactivate or activate the medication container 10c¢ through insertion and removal,
respectively, of its tab or tail 90c {as shown 1n FIGURE 17C) into a slot 80c on the
medication container 10c.

[00118] FIGURE 17D illustrates yet another view of the pull-tab component 70c
coupled with the medication container 10c. The smart medication container 10c can have a
bottom cover 10, which can include a device that receives the tail 90c of the pull-tab 70c.

The pull-tab component 70c¢ can be configured to display information including instructions
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for using the medication container 10¢ and/or pull-tab component 70c¢, and/or information
identifying the contents of the medication container 10c¢, and/or any other information.

[00119]  The puli-tab component 70c can be made of one or more of plastics, paper,
any other material, and any combination thereof. In one implementation, information can be
printed on all surfaces of the puil-tab component 70c. In an alternate implementation,
information can be printed on only selective surfaces of the pull-tab component 70c, such as
only the exterior surface.

[00128] FIGURE 17E illustrates an alternate pull-tab component 110c that can be
configured to couple with the medication container 10c. The pull-tab component 110c can
include one or more features, such as a pocket 120c¢ on the pull-tab component 110c, that can
allow the medication container 10c to hold additional information. The pocket 120c¢ can be
an integral or folded-up section of the pull-tab component 110c, or an additional part adhered
to the original pull-tab component 11. Multiple materials, such as physical documents,
written materials, information packets, other hardware, and/or the like, can be inserted into
the pocket 120c.

[00121] FIGURE 18 illustrates a server computer that can communicate with
circuitry on a medication container {e.g., one or more medication containers shown and
described in connection with FIGURES 7A-17E, each of which may include one or more
processors, one or more sensors, and one or more electronic transmitters including at least a
network interface, such as, for example, the medication containers shown in FIGURES 7A,
8A, 13A, and 16A) to generate reminders and/or alerts for a patient, a caregiver, a pharmacy,
any other individual or entity, and/or any combination thereof. The server computer 240a can
be remote to the medication container {e.g., medication container 20b or 10c}, such asin a
different room within a same building, a different building, a different city, a different state, a

different country, or any remote distance. The communication network 290a or 300a can be
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one or more of a local area network, a wide area network, internet, intranet, Bluetooth
network, infrared network, any other network, and any combination thereof. In various
implementations, the server computer 2404 may be in two-way communication with the
medication container and/or one or more other computers (e.g., one ot more computers 310a).
{00122} In various implementations, the at least one communication receivers 250a
of the server computer 240a can be configured to receive data via the first communication
network 290a from circuitry on one or more medication containers described herein (e.g,,
medication containers 10c¢ and 20b). Such data can be, for example, data corresponding to
one or more measurements of one or more of the sensors described herein, such as one or
more sensor measurements indicating opening or closing of a cap medication container, one
or more sensor measurements indicating whether one or more cartridges (e.g, cartridge 10b)
1s present within one a medication container {e.g., measurement(s) indicating whether a
cartridge has been inserted to and/or removed from the medication container), one or more
sensor measurements indicating a quantity of medication within a cavity of a medication
container or one or more cartridges (e.g., cartridge 10b) of a medication container, and/or
timing data identifying the timing of such detections by the one or more sensors. Based at
least in part on the receipt of such data, and/or other data (e.g., historical data stored by or
otherwise accessible to the server computer in a database 260a, such as data indicating one or
more previous measurements received by the one or more sensors and/or timing data
associated with the same), the server computer including one or more processors 270a may
determine whether at least one criterion is satistied and based on the determination trigger
one or more reminders and/or alerts to a patient, a caregiver, and/or other entity (e.g, a
pharmacy). For example, such alerts, which can include text, audio, imagery, video, or any

combination thereof, may be transmitted to the medication container(s) themselves (e.g.,
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medication containers 10c¢ and 20b) and/or to other computing devices {e.g., computing
devices 310a).

[00123] In some implementations, the communication network can receive data
from a medication container {e.g., medication container 10c and 20b) indicating that one or
more of medication containers 10c and/or 20b 1s in need of a refill of medication. In some
implementations, the communication network can receive data from a medication container
{e.g., medication container 10c¢ and 20b) indicating that a patient has or is likely to have
missed a dose of medication.

(00124} In one aspect, the at least one communication receiver 250a can be
configured to receive, via a first communication network 290a and from the circuitry within
the cap {e.g., cap 20¢) and/or the body of the medication container {e.g., medication container
10c and 20b), data indicating that a preset amount of content within the medication container
10c was not withdrawn within a preset amount of time. The at least one database 260a can be
configured to store at least the data. The at least one programmable processor 270a can
determine, upon the receiving of the data, whether at least one criterion is satisfied, the at
feast one programmable processor 270a generating an alert when the at least one criterion is
satisfied. The at least one communication transmitter 280a can be communicatively coupled
to the at least one programmable processor 270a. The at least one communication transmitter
280a can be configured to transmit, via a second communication network 300a, the alert to a
computing device 310a and/or to the medication container itself.

[00125] The indication that the preset amount of content within the medication
container {e g., medication container 10c and 20b) was not withdrawn can indicate that a dose
of medication contained within the medication container was missed within the preset amount
of time by a patient. The computing device 310a is one of a desktop computer, a laptop

computer, a tablet computer, a phablet computer, and a cellular phone. In one
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implementation, the computing device 310a can be configured to be operated by a patient
using the medication container. In another implementation, the computing device 3 10a can
be configured to be operated by at least one of a caregiver (e.g, hospital, clinician, doctor,
nurse, technician, clinical staff member, and/or any other caregiver) treating a patient using
the medication container 10c, a pharmacy authorized to provide medication to the patient,
and a healthcare company authorized to obtain healthcare data of the patient.

[00126] In one implementation, the satisfying of the at least one criterion can be a
risk fevel of a user exceeding a threshold value. The at least one programmable processor
270a can compute the risk level based at least in part on historical data stored in the database
260a, in a manner that is similar to or the same as the manner described above in connection
with, for example, FIGURE 6C. For example, the historical data used by the at least one
processor 270a to determine a risk level can include one or more of: data indicative of prior
measurements of one or more sensors of the medication container (e.g., medication container
10c and 20b), a pattern of withdrawing medication from the medication container, a pattern
of refilling the medication container, a type of medication in the medication container, a
dosage requirement for consuming the medication, timing of one or more prior
communications between the circuitry of the medication container and the at least one
communication receiver 250a, data exchanged between the circuitry of the medication
container and the at least cne communication receiver 250a during the one or more prior
communications, and one or mare errors noted with respect to the one or more prior
communications.

{00127} In another implementation, the satisfying of the at least one criterion can
be lack of withdrawal of the preset amount of content within the medication container {(e.g.,
medication container {0c and 20b) within ancther preset amount of time. The lack of

withdrawal of the preset amount within the other preset amount of time can indicate that a
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dose of medication contained within the medication container was missed within the other
preset amount of time. The data indicating the lack of withdrawal of the preset amount
within the other preset amount of time can be stored in the database 260a. The at least one
programmable processor 270a can determine the lack of withdrawal of the preset amount
within the other preset amount of time by receiving from the database 260a the data
indicating the lack of withdrawal of the preset amount within the other preset amount of time.

[00128] In yet another implementation, the satisfying of the at least one criterion
can be the withdrawal of the preset amount of content within the medication container {e.g.,
medication container 10c and 20b) after the preset amount of time. The withdrawal of the
preset amount of content within the medication container after the preset amount of time can
indicate that a patient took the medication late. The at least one programmable processor
270a can be configured to receive, from the circuitry on the medication container , data
indicating withdrawal of the preset amount of content within the medication container 10c.
The at least one programmable processor 270a can identify a time of the receiving of the data
indicating the withdrawal to determine whether the withdrawal is after the preset amount of
time.

[00129] In another implementation, the satisfying of the at least one criterion can
be a refilling of medication container (¢ g., medication container [0c and 20b) after a preset
amount of time. The refilling of the medication container 10c after the preset amount of time
can indicate that the refilling of the medication container 10c was late. The at least one
programmable processor 270a can be configured to receive, from the circuitry on the
medication container, data indicating the refilling of the medication container. The at least
one programmable processor 270a can identify or determine a time of the refilling of the

medication container to determine whether the refilling was late.
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[00130] The alert, as described herein, can be data that activates an alarm, which
can be audio, visual, or both. In various implementations, the alert can be one or more of: a
text message, a voice message, a video message, a social media message, an email, a web
pop-up, a pager message, any other message, and any combination thereotf. The alert can be a
reminder in some implementations.

[00131] In another aspect, the at least one communication receiver 250a can be
configured to receive, via a first communication network 290a and from circuitry on a
medication container {e.g., medication container 10c and 20b}, data indicating that
medication container was not retilled within a preset amount of time. The at least one
programmable processor 270a can be configured to generate an alert upon the receiving of
the data. The at least one communication transmitter 280a can be configured to transmit, via
a second communication network 300a, the alert to a computing device 310a and/or to the
medication container itself.

[00132] In one implementation, the computing device 3 10a can be configured to be
operated by a patient. In another impiementation, the computing device 310a can be
configured to be operated by at least one of: a caregiver treating the patient, a pharmacy
authorized to provide medication to the patient, and a healthcare company authorized to
obtain healthcare data of the patient.

[00133] In another aspect, the at least one communication receiver 250a can be
configured to receive a message from a tirst computing device 310a via a tirst
communication network 290a. The at least one programmable processor 270a can generate
an alert upon the receiving of the message. The at least one communication transmitter 280a
can be configured to transmit, via a second communication network 300a, the alert to a

second computing device 310a.
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[00134] The first computing device 310a can be configured to be operated by a
patient. The second computing device 310a can be contigured to be operated by at least one
of: a caregiver treating the patient, a pharmacy authorized to provide medication to the
patient, and a healthcare company authorized to obtain healthcare data of the patient. In one
implementation, the message can include a request for additional care.

[00135] In some implementations, the at least one processor 270a is configured to
determine that a patient has not adhered to a medication regimen and/or that a medication
container or cartridge within a medication container {e.g., medication container 10c and/or
20b) has not been refilled according to an expected schedule based at least in part on the at
least one processor 270a not receiving a communication from the medication container within
a preset amount of time. For example, the at least one processor 270a can trigger an alert
{e.g., reminder) to the medication container (e.g., medication container 10¢ and/or 20b)
and/or another one or more computing devices based at least in part on the at least one
processor 270a identifying that the one or more cartridge sensors and/or one or more
container and/or cap sensors of the medication container have not been activated within a
period of time that exceeds a preset amount of time. The preset amount of time can be set or
identified by the at least one processor 270a based at least in part on data stored in database
260a and accessible 1o the at least one processor 270a indicating: a medication regimen for a
patient that identifies an expected frequency of the patient taking a dose; and/or an expected
refill schedule for the medication container or a cartridge contained within the medication
container. The at least one processor 270a can compare this data, for example, to data
indicating the last time the at least one processor 270a received a communication from the
one or more sensors of the medication container to determine if the preset amount of time has
fapsed without at least one processor 270a receiving a further one or more communications

from one or more sensors of the medication container. Based at least in part on {e.g., based
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solely on} the determination, the at least one processor 270a can trigger one or more alerts to
the medication container {e.g., medication container 10c¢ and/or 20b) and/or another one or
more computing devices 310a.

[00136] TABLE 1 below identifies various implementations of one or more criteria
that can be utilized by the at least one processor 270a of a server computer, shown in
FIGURE 6C and/or FIGURE 18§, to trigger an alert {(e.g., reminder) to a medication container
and/or one or more other computing devices 310a. In these various implementations, where
only one triggering criterion is identified (labeled as “A”), the at least one processor 270a
need only determine that this triggering criterion is satisfied to produce to cause the
corresponding identified event. Where two items are identified as triggering criteria (labeled
as “A” and “B”), in some tmplementations the at least one processor 270a produces or causes
the corresponding identitied event only after the at least one processor 270a determines that
both triggering criteria are satistied. Other variations are possible. In some implementations,
the at least one processor 270a evaluates one or more criteria in addition to the criteria
identified below.

[00137] TABLE1

Example One or More Triggering Criteria Fvent
1 A System receives notification from medication  [System sends
container that dose was missed specialized alert to
B. System determines that user of medication medication container
container 1s high-risk based on one or more of and/or user computer(s)
multiple data points from previous analysis (e.g.  jassociated with the

overall adherence score, complex dosage pattern, {bottle
inaccurate dosing or refill patterns, medication

information, previous messaging to the system)

b2

A System receives notification from medication  {System sends

container that dose was missed spectalized alert to
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B System determines that user of medication
container 1s high-risk based on one or more of
multiple data points from previous analysis (e.g.
overall adherence score, complex dosage pattern,
inaccurate dosing or refill patterns, medication

information, previous messaging to the system}

computers of caregiver,
care team, pharmacy,

or healthcare company

(3]

A System receives notification from medication
container that dose was missed
B. System determines that one or more recent

doses was also missed

System sends
specialized alert to
medication container
and/or user computer(s)

associated with the

bottle
4 A. System receives notification from medication  {System sends
container that dose was missed specialized alert to
B. System determines that one or more recent computers of caregiver,
doses was also missed care team, pharmacy,
or healthcare company
5 A. System receives notification from medication  {System sends
container that dose was missed specialized alert to
B. System determines that a user or entity is late  jmedication container
starting or restarting the planned medication/refill {and/or user computer(s)
cycle associated with the
bottle
) A System receives notification from medication  {System sends

container that dose was missed
B. System determines that a user or entity is late
starting or restarting the ptanned medication and/or

medication refill cycle

spectalized alert to
computers of caregiver,
care team, pharmacy,

or healthcare company

A. Medication container one or more sensors

measure that medication container was not refilled

System sends
specialized alert to
medication container

and/or user computer(s}
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associated with the

bottle

A. medication container one more sensors measure

that medication container was not refilled

System sends
specialized alert to
computers of caregiver,
care team, pharmacy,

or healthcare company

A. System receives message trom user or entity
associated with medication container that

additional care is required

System sends
specialized alert to the
medication container,
user computer(s),
and/or computers of
caregiver, care team,
pharmacy, or

healthcare company

10

A. System receives message from user or entity
associated with medication container having any

content

System sends
specialized alert to
medication container,
user computer(s),
and/or computers of
caregiver, care team,
pharmacy, or

healthcare company

[00138]

Any one or more implementations, aspects, or variations described herein

can be combined if and when feasible. The terms substantially, almost, or generally, as used

herein, can mean most in some implementations. In other implementations, the terms

substantially, almost, or generally can refer to eighty percent or more of the entirety or

regular value/measure/form. In another implementation, the terms substantially, almost, or

generally can refer to ninety percent or more of the entirety or regular value/measure/form.
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in some implementations, the terms substantially, almost, or generaily can refer to ninety five
percent or more of the entirety or regular value/measure/form. In some implementations, the
terms substantially, almost, or generally can refer to ninety five percent or more of the
entirety or regular value/measure/form. The term matingly connected, and other similar
terms, as used herein, can refer to a physical connection between two elements. In some
implementations, such a connection can be enabled by coupling a male part of a first element
of the two elements with a temale part of a second element of the two elements.

[00139]  Although several variations have been described in detail above, other
modifications are possible. For example, the logic flows described in the patent application
do not require the particular order shown, or sequential order, to achieve desirable results.
Further, while preferred materials for elements of construction have been described herein the
device is not limited by these materials. Plastics, rubber, foam, metal alioys, wood and/or
other materials can be used to make some or all of the elements of the device.

{00146} Related apparatuses, systems, technigues and articles are also described.
Computer program products are described that comprise non-transitory computer readable
media storing instructions, which when executed by at least one programmable processors of
one or more computing systems, causes at least one programmable processor to perfornm
operations herein. Similarly, computer systems are also described that can include one or
more programmable processors and a memory coupled to the one or more programmable
processors. The memory can temporarily or permanently store instructions that cause at least
one programmable processor to perform one or more of the operations described herein. In
addition, methods can be implemented by one or more programmable processors either
within a single computing system or distributed among two or more computing systems.

[00141] The terminology used herein is tor the purpose of describing particular

implementations and is not intended to be limiting the claims. As used herein, “and/or”
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includes any and all combinations of one or more described items. Use of terms such as
“comprises” and/or “comprising” specifies the inclusion and presence of stated features,
attributes, and components but does not preclude the inclusion or addition of one or more
other features, attributes, and components.

[00142]  As used herein, phrases such as “at least one of” or “one or more of” can
occur followed by a conjunctive list of elements or features. The term “and/or” can also
occur in a list of two or more elements or features. Unless otherwise implicitly or explicitly
contradicted by the context in which it is used, such a phrase is intended to mean any of the
listed elements or features individually or any of the recited elements or features in
combination with any of the other recited elements or features. For example, the phrases “at

PR INAY

least one of A and B;” “one or more of A and B;” and “A and/or B” are each intended to
mean A alone, B alone, or A and B together.” In addition, use of the term “based on,” above
and in the claims is intended to mean, “based at least in part on,” such that an unrecited
feature or element is also permissible. Further, as used herein, the singular terms “a,” “an,”
and “the” can include the plural reference unless the context clearly indicates otherwise.

[00143]  Unless otherwise defined, all terms used herein have the same meaning as
commonly understood by one having ordinary skill in the art to which the invention belongs.
The meaning of terms used in this description should be interpreted as having meaning
consistent with their meaning in the context of the relevant art.

[00144] The present disclosure is to be considered as an exemplification of the
claimed implementation(s) and is not intended to limit those implementations to the specific
implementations itlustrated by the figures.

[00145]  Various implementations of the subject matter described herein can be

realized/implemented in digital electronic circuitry, integrated circuitry, specially designed

application specific integrated circuits (ASICs), computer hardware, firmware, software,
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and/or combinations thereof. These various implementations can be implemented in one or
more computer programs. These computer programs can be executable and/or interpreted on
a programmable system. The programmable system can include at least one programmable
processor, which can be have a special purpose or a general purpose. The at least one
programmable processor can be coupled to a storage system, at least one input device, and at
least one output device. The at least one programmable processor can receive data and
instructions from, and can transmit data and instructions to, the storage system, the at least
one input device, and the at least one output device.

[00146] These computer programs (also known as programs, software, software
applications or code) can include machine instructions for a programmable processor, and
can be implemented in a high-level procedural and/or object-oriented programming language,
and/or in assembly/machine language. As can be used herein, the term “machine-readabie
medium” can refer to any computer program product, apparatus and/or device (e.g., magnetic
discs, optical disks, memory, programmable fogic devices (P1.Ds)) used to provide machine
instructions and/or data to a programmable processor, inciuding a machine-readable medium
that can receive machine instructions as a machine-readable signal. The term “machine-
readable signal” can refer to any signal used to provide machine instructions and/or data to a
programmable processor.

[00147]  To provide for interaction with a user, the subject matter described herein
can be implemented on a computer that can display data to one or more users on a display
device {e.g., a display device of the medication container or cap), such as a cathode ray tube
(CRT) device, a liquid crystal display (1.CD) monitor, a light emitting diode (LED}) monitor,
or any other display device. The computer can receive data from the one or more users via a
keyboard, a mouse, a trackball, a joystick, or any other input device. To provide for

interaction with the user, other devices can also be provided, such as devices operating based
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on user teedback, which can include sensory feedback, such as visual feedback, auditory
feedback, tactile feedback, and any other feedback. The input from the user can be received
in any form, such as acoustic input, speech input, tactile input, or any other input.

[00148] The subject matter described herein can be implemented in a computing
system that can include at least one of a back-end component, a middleware component, a
tfront-end component, and one or more combinations thereof. The back-end component can
be a data server. The middleware component can be an application server. The front-end
component can be a client computer {e.g., medication container) having a graphical user
interface or a web browser, through which a user can interact with an implementation of the
subject matter described herein. The components of the system can be interconnected by any
form or medium of digital data communication, such as a communication network.

Examples of communication networks can include a local area network, a wide area network,
internet, intranet, Bluetooth network, infrared network, or other networks.

[00148] The computing system can include clients and servers. A client and server
can be generally remote from each other and can interact through a communication network.
The relationship of client and server can arise by virtue of computer programs running on the
respective computers and having a client-server relationship with each other.

[00130]  Although several variations have been described in detail above, other
modifications can be possible. For example, the logic flows depicted in the accompanying
figures and described herein do not require the particular order shown, or sequential order, to
achieve desirable results. That is, other sequential orders are possible. The description above
tor each drawing corresponds o a respective set of implementations, but other
implementations can necessitate some moditications as understood by one of ordinary skill in
the art. Those modifications are within the scope of this patent application. For the separate

implementations described herein, in other implementations of the present disclosure
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components of any implementation can be incorporated in other implementations, as suitable.

Such other implementations are within the scope of the claims.
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WHAT IS CLAIMED Is:

I. A medication container comprising:
a frame;
a drawer configured to slide into and out of the frame;
a plurality of slots in the drawer, the plurality of slots configured to receive a plurality
of cartridges housing medication;
at least one of’
a first set of one or more sensors configured to detect at least one of whether
the drawer has moved more than a preset distance into or out of the frame; and
a second set of one or more sensors configured to detect at least one of
whether a cartridge of the plurality of cartridges has been removed from or inserted to a
corresponding slot of the plurality of slots; and
an electronic transmitter configured to transmit data characterizing at least one of
whether the drawer has moved more than the preset distance into or out of the frame and
whether the cartridge has been removed from or inserted to the corresponding slot to a server

computer via a commumnication network.

2. The container of claim 1, wherein the server computer is configured to

generate at least one ot an alert and a recommendation based on the data.

3. The container of claim 1, wherein all of the plurality of cartridges include the

same medication.
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4. The container of claim 1, wherein the frame comprises one or more hooks, the
one or more hooks allowing at least one of the frame to be hung or the frame to be matably

stacked with another frame.

5. The container of claim 1, wherein the plurality of slots are in series.

6. The container of claim 1, further comprising a magnet attached to the drawer,
the one or more sensors configured to detect a movement of the magnet to detect whether the

drawer has moved more than the preset distance out of the frame.

7. The container of claim 6, wherein the magnet is made of a rare-earth material.

8. The container of claim 1, wherein the second set of one or more sensors 1s
atfixed within the drawer, the second set of one or more sensors being at feast one of one or
more touch sensors and one or more capacitance sensors to detect whether the cariridge has

been removed from the corresponding slot.

9. The container of claim 1, wherein the second set of one or more sensors 18
positioned in the trame, the second set of one or more sensors configured to detect objects
within a preset distance, the second set of one or more sensors detecting the presence or

absence of the cartridge.
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10. A medication container comprising:

a frame comprising a plurality of slots configured to slidably receive a plurality of
cartridges containing medication, the plurality of cartridges configured to slide into and out of
the plurality of slots of the frame;

one or more sensors configured to determine whether each slot of the plurality of slots
includes a corresponding cartridge; and

an electronic transmitter configured to transmit data characterizing whether one or

more of the slots includes a cartridge to a server computer via a communication network.

11 The container of claim 10, wherein the plurality of slots comprises four slots

arranged in a two-by-two configuration that has two slots above the other two slots.

12, An apparatus comprising:

a container configured to be closed with a cap; and

a cartridge for housing medication configured to be inserted within the container, the
cartridge when completely inserted within the container allowing the closing of the container

with the cap.

13. The apparatus of claim 12, wherein a body of the cartridge fits within a cavity

within the container and a portion of the cartridge overlies a top of the container in a region

where the container accepts the cap.

14 The apparatus of claim 12, wherein one or more locations on an outer surface

of the cartridge include an adhesive that sticks to an inner surface of the container.
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15.  The apparatus of claim 12, wherein a portion of the cartridge extends

externally to the container and is contigured to serve as a grip for holding the container.

16. The apparatus of claim 12, a portion of the cartridge extends externally to the

container and is configured to serve as a display element.

17, The apparatus of claim 16, wherein the display element is contfigured to

display data identifying content within the cartridge.

18 The apparatus of claim 17, wherein the display element comprises a printed label

containing the data identifying the content within the cartridge.

19, The apparatus of claim 17, wherein the display element is rectangular-shaped.

20. The apparatus of claim 17, wherein the display element is cylindrically-
shaped.

21.  The apparatus of claim 12, wherein the cartridge is configured to be closed

with at least one of a plug and a liner, each of the plug and the liner being ditferent and

separate from the cap.

22. The apparatus of claim 21, wherein the cartridge is configured to be sealed by

each of the plug and the liner to prevent content within the cartridge from falling out, each of

the plug and the liner being removable from the cartridge.
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23, The apparatus of claim 12, wherein the cartridge comprises a desiccant
chamber and at least one desiccant packet, the desiccant chamber including perforations that
allow moisture to pass from a body of the cartridge into the desiccant packet and to

physically separate content of the cartridge from the desiccant packet.

24. A system comprising:

a container,

a cap to close the container;

a cap sensor element affixed to or within the cap; and

a container sensor element in communication with the cap sensor element, wherein
the cap sensor element and the container sensor element are configured to operate together to
detect whether the cap is present within a threshold distance from the container sensor

element.

25. The system of claim 24, further comprising a pull-tab component configured
to be inserted within a battery compartment of the container to prevent the container from
drawing power from a battery, and to be removed to allow the container to draw power from

the battery.

26.  The system of claim 24, wherein the container sensor is further configured to

detect a quantity of content within the container.

27 The system of claim 20, further comprising electrical circuitry
communicatively coupled to the container sensor and configured to send, via a

communication network and to a server computer, data indicating the quantity of the content
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within the container, the electrical circuitry configured to receive data indicating an alert from

the server computer when the quantity of the content is below a threshold value.

28. A system comprising:

at least one communication receiver configured to receive, via a tirst communication
network and from circuitry on a medication container comprising one or more cartridges, data
indicating that the one or more cartridges or a preset amount of content within the one or
more cartridges was not withdrawn within a preset amount of time;

at least one database communicatively coupled to the at least one communication
receiver, the at least one database configured to store at least the data indicating that the one
or more cartridges or the preset amount of content within the one or more cartridges was not
withdrawn within the preset amount of time;

at least one programmable processor communicatively coupled to at least one of the at
least one communication receiver and the at least one database, the at least one
programmable processor configured to determine, subsequent to and based at least in part on
the recetving of the data, whether at least one criterion is satisfied, the at least one
programmable processor configured to generate an alert when the at least one criterion is
satisfied; and

at least one communication transmitter communicatively coupled to the at least one
programmable processor, the at least one communication transmitter configured to transmit,
via a second communication network, the alert to the medication container or another

computing device.

29, The system of claim 28, wherein the indication that the preset amount of

content within the one or more cartridges was not withdrawn indicates that a dose of
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medication contained within the medication container was missed within the preset amount of

time by a patient.

30. The system of claim 28, wherein the computing device is one of a deskiop

computer, a laptop computer, a tablet computer, a phablet computer, and a cellular phone.

31 The system of claim 28, wherein the computing device is configured to be
operated by at [east one of: a caregiver treating a patient using the medication container, a
pharmacy authorized to provide medication to the patient, and a healthcare company

authorized to obtain healthcare data of the patient.

32, The system of claim 28, wherein the first communication network is same as

the second communication network.

33 The system of claim 28, wherein the first communication network is different

and separate from the second communication network.

34 The system of claim 28, wherein the satistying of the at least one criterion is a
risk level of a user or entity associated with the medication container exceeding a threshold
value, and the at [east one programmable processor is configured to determine the risk level
of the user or entity associated with the medication container and compare it to the threshold

value.
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35. The system of claim 34, wherein:

the at feast one programmable processor computes the risk level based at least in part
on historical data stored in the database; and

the historical data comprises one ot more of: data regarding opening and/or closing of
a cap of a medication container; data regarding sliding in and/or out of a drawer of a
medication container; data regarding insertion of one or more cartridges into a medication
container and/or removal of the one or more cartridges from the medication container; an
adherence score characterizing a likelithood of adherence of a patient to a medication
regimen, a pattern of withdrawing medication from the medication container; the complexity
of such a pattern of withdrawing medication; a pattern of refilling the medication container or
cartridge within a medication container; the inaccuracy of such a pattern of refilling the
medication container or a cartridge within the medication container; a type of medication in
the medication container; a dosage requirement for consuming the medication; timing of one
or more prior communications between the circuitry of the medication container and the at
least one communication receiver; data exchanged between the circuitry of the medication
container and the at least one communication receiver during the one or more prior
communications; and one or more errors noted with respect to the one or more prior

communications,

30. The system of claim 28, wherein the satisfying of the at least one criterion is
lack of withdrawal of the preset amount of content within the one or more cartridges within
another preset amount of time, the lack of withdrawal of the preset amount within the other
preset amount of time indicating that a dose of medication contained within the medication

container was missed within the other preset amount of time.
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37. The system of claim 36, wherein:

the data indicating the lack of withdrawal of the preset amount within the other preset
amount of time is stored in the database; and

the at least one programmable processor determines the lack of withdrawal of the
preset amount within the other preset amount of time by receiving from the database the data

indicating the lack of withdrawal of the preset amount within the other preset amount of time.

38.  The system of claim 28, wherein the satisfying of the at [east one criterion is
the withdrawal of the preset amount of content within the one or more cartridges atter the
preset amount of time, the withdrawal of the preset amount of content within the one or more

cartridges after the preset amount of time indicating that a patient took the medication late.

39 The system of claim 38, wherein the at least one programmable processor is
configured to receive, from the circuitry on the medication container, data indicating
withdrawal of the preset amount of content within the one or more cartridges, the at least one
programmable processor identifving a time of the receiving of the data indicating the

withdrawal to determine whether the withdrawal is after the preset amount of time.

40. The system of claim 28, wherein the satistying of the at least one criterion is a
retilling of at least one cartridge of the one or more cartridges after a preset amount of time,
the refilling of the at least one cartridge after the preset amount of time indicating that the

refilling of the at least one cartridge was late.

41. The system of claim 40, wherein the at least one programmable processor is

configured to receive, from the circuitry on the medication container, data indicating the
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refilling of the at {east one cartridge, the at least one programmable processor identifying a

time of the refilling of the at least one cartridge to determine whether the refilling was late.

42. A system comprising:

at least one communication receiver configured to receive, via a first communication
network and from circuitry on a medication container, data indicating that one or more
cartridges of a medication container were not refilled within a preset amount of time;

at least one programmable processor communicatively coupled to at least one of the at
least one communication receiver, the at feast one programmable processor contigured to
generate an alert based at least in part upon the receiving of the data; and

at least one communication transmitter communicatively coupled 1o the at least one
programmable processor, the at least one communication transmitter configured to transmit,
via a second communication network, the alert to a the medication container or another

computing device.

43. A system comprising:

at least one communication receiver configured to receive a message from a first
computing device via a first communication network;

at least one programmable processor communicatively coupled to at least one of the at
least one communication receiver, the at feast one programmable processor contigured to
generate an alert upon the receiving of the message; and

at least one communication transmitter communicatively coupled to the at least one
programmable processor, the at least one communication transmitter configured to transmit,

via a second communication network, the alert to a second computing device.
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44. The system ot claim 43, wherein the message comprises a request for

additional care.



1/19

WO 2018/064260 PCT/US2017/053888

FIGURE 1A

2 {} 8 T y :

30a ~~

A

40a

FIGURE 1B



2/19
WO 2018/064260 PCT/US2017/053888

FIGURE 2A

D IIIIIINIVIIII 2

T rrreerrsorsivity
srrei

) ,

MRy S
TINANN

FIGURE 2B



3/19
WO 2018/064260 PCT/US2017/053888

FIGURE 3




A9

1408 "

AR




5/19
WO 2018/064260 PCT/US2017/053888

FIGURE 5




6/19

WO 2018/064260 PCT/US2017/053888

FIGURE 6A

B Nty NI o
NN
o
NN o SNy
o NN
NN
N

ESN

N
YNNG,

NN

) N

Ry
\\\ N

£
Al
i
?
e —E Ly

s
e s 7 %
o

S

Rt |

R

3 N

W N
DY Y &
R o

N

R

N

"
ooty
AR
e

% o

Nawa

FIGURE 6B

tr0s00000000000000207,



7/19

PCT/US2017/053888

WO 2018/064260

gy

208
(SIMALLIANSNYYHL

NOILVIINNININGD

W
R

L ed

BipessoseEetcy

c05¢

SRETNEREL
NOILLYDINNWINGD

J9 4dNOHl4



8/19
WO 2018/064260 PCT/US2017/053888

FIGURE 7B

FIGURE 7A

FIGURE 7C




9/19

PCT/US2017/053888

WO 2018/064260

FIGURE 8A

’ G
X s, 4

7, 4 Sz s,

£ gh““\“&\\\‘vvn\\\a. ;

R A
e Y

&

Ve vz
S
A i

\ 00 KPP 2 0057 PPR0222222: wwm

Y sessscsessscssissy

%

%,
%,
%

‘.‘.‘.‘\\\\\\\\\\\\\\\\uﬂ\\\\\\\\\\.

%,

RE 8B




10/19

WO 2018/064260 PCT/US2017/053888

FIGURE 9A FIGURE 9B s FIGURE 8C

R T
R P OIS AAAAAAABAAAS

AARANAARR 724 444447
A TR

X Ny : o
N N : e
9 NN NGRS T ot
i NVONRR NNORSE

o ‘



11/19
WO 2018/064260 PCT/US2017/053888

FIGURE 10A

e
&

&

FIGURE 10B

SRR
RN TN
R RN
TN

N G0

& e

X

e 44HD

R

Ny




12/19
WO 2018/064260 PCT/US2017/053888

-~ 108

FIGURE 11B

erseeeeRsrncsssssssss

206
{

N

Ny ;
NV ,\\\%~‘-‘*‘: 3

grocseecees;

FIGURE 11C




WO 2018/064260

FIGURE 12B

S0k

e

N
e w
\-‘-\x\g o ERENC o

Ny RN AN MNARNNN .
RN o

B SO

L/

et ?”

ey

13/19
PCT/US2017/053888

FIGURE 12A

FIGURE 12C

~a

v
TN

oA
T
RN

AN
RN
AN R NS

NN

ooconnny

LA

02025

777727772

5500405050555555%
LSRR

s 000005002
s 05240

2000525
1772925 7778%

50000000005
005055555255

R5555L

R R
e
S

rr07000073

A\
. AR N
o
5

i
."/
7777

o
“




14/19

PCT/US2017/053888

WO 2018/064260

_—10b

FIGURE 13B

FIGURE 13A

AR

L%
&%
™

AARARARAARANARERRARARARRANARS

\ ‘
FHn, s
Lt i 177
g e
/ %
4

N
N
N

N
N
N

FIGURE 13C



15/19

WO 2018/064260 PCT/US2017/053888

FIGURE 14A FIGURE 14B
1?3& 200
o

N

oo

NSNRNNNAN e
O R
S S '\“‘-\‘fx\ \\\\

SR
S
N "\P".

wrve00ss]

iy,

Bl srsvrisssssssrvssrss L,
555000000000000000000 000000204

(- B sss0ss0s00.

e

R S

A
TN

o A P

R

R




WO 2018/064260

'FIGURE 15A

16/19

PCT/US2017/053888

FIGURE 15B

SEETITEY

raeereetiss,,,
et sttty

Ptrpss 00t
r00500027:

“rsins,

AR

FIGURE 15C



17/19

PCT/US2017/053888

WO 2018/064260

FIGURE 16C

FIGURE 18A

P

7%

VR Dinssssss s |

G FriiviziiiiiBirertvisssss
Kusrssessessesssrssrssessesss

FIGURE 16E



18/19
WO 2018/064260 PCT/US2017/053888

-
_
v-“#
o

FIGURE 17A

FIGURE 17C

QORI

FIGURE 17B

S

%,

N o

;.
%,

Nenvea g
iy

RN

A A A A A A
O S AR SRS ERR IR RN RO RN RN

=5 2005200000000,
Jrirros sree s rievies s e,

B S NSSSSSSEER




19/19

PCT/US2017/053888

WO 2018/064260

B8l
(SIMALLINSNYYL

NOILVIINNININGD

‘masolfifiovs

e

_______________ -

5
B SNEVNERED

20y

81 34NHI4



