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(57) Abstract: Technologies for managing a treatment program include a treatment management server, smart pills, and patient com -
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are configured to obtain the treatment data, release one or more drugs into the patients based on the treatment data, sense physiolo -
gical conditions in the patients, and transmit the physiological conditions to the treatment management server. The patient comput -
ing devices facilitate communication between the treatment management server and the smart pills. Other embodiments are de -
scribed.
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TECHNOLOGIES FOR MANAGING A TREATMENT PROGRAM USING SMART PILLS
CROSS-REFERENCE TO RELATED APPLICATION

[0001] The present application claims priority to U.S. Utility Patent Application Serial
No. 14/998,209, entitled “TECHNOLOGIES FOR MANAGING A TREATMENT
PROGRAM USING SMART PILLS,” which was filed on December 26, 2015.

BACKGROUND

[0002] Conventional methods for treating illnesses, diseases, and other medical
conditions generally involve a physician identifying symptoms exhibited or described by a
patient and prescribing a drug in accordance with the symptoms. The patient may report back
after a period of days with a subjective report on how the patient is feeling, or may not report
back at all. Due to the subjective and imprecise nature of this process, it is difficult to pinpoint
the exact causes of many medical conditions and to determine the effectiveness of any

treatments.

BRIEF DESCRIPTION OF THE DRAWINGS

[0003] The concepts described herein are illustrated by way of example and not by way
of limitation in the accompanying figures. For simplicity and clarity of illustration, elements
illustrated in the figures are not necessarily drawn to scale. Where considered appropriate,
reference labels have been repeated among the figures to indicate corresponding or analogous
elements.

[0004] FIG. 1 is a simplified block diagram of at least one embodiment of a system for
managing a treatment program using smart pills and patient computing devices;

[0005] FIG. 2 is a simplified block diagram of at least one embodiment of a treatment
management server of the system of FIG. 1;

[0006] FIG. 3 is a simplified block diagram of at least one embodiment of a smart pill of
the system of FIG. 1;

[0007] FIG. 4 is a simplified block diagram of at least one embodiment of an
environment that may be established by the treatment management server of FIGS. 1 and 2;
[0008] FIG. 5 is a simplified block diagram of at least one embodiment of an
environment that may be established by a smart pill of FIGS. 1 and 3;

[0009] FIG. 6 is a simplified block diagram of at least one embodiment of an

environment that may be established by a patient computing device of the system of FIG. 1;
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[0010] FIGS. 7-8 are a simplified flow diagram of at least one embodiment of a method
for managing a treatment program that may be executed by the treatment management server of
FIGS. 1 and 2;

[0011] FIGS. 9-10 are a simplified flow diagram of at least one embodiment of a
method for releasing drugs in a patient and reporting patient physiological data that may be
performed by a smart pill of FIGS. 1 and 3; and

[0012] FIGS. 11-12 are a simplified flow diagram of at least one embodiment of a
method for communicating with the treatment management server and a smart pill that may be

performed by a patient computing device of FIG. 1.

DETAILED DESCRIPTION OF THE DRAWINGS

[0013] While the concepts of the present disclosure are susceptible to various
modifications and alternative forms, specific embodiments thereof have been shown by way of
example in the drawings and will be described herein in detail. It should be understood,
however, that there is no intent to limit the concepts of the present disclosure to the particular
forms disclosed, but on the contrary, the intention is to cover all modifications, equivalents, and
alternatives consistent with the present disclosure and the appended claims.

" G

[0014] References in the specification to “one embodiment,” “an embodiment,” “an
illustrative embodiment,” etc., indicate that the embodiment described may include a particular
feature, structure, or characteristic, but every embodiment may or may not necessarily include
that particular feature, structure, or characteristic. Moreover, such phrases are not necessarily
referring to the same embodiment. Further, when a particular feature, structure, or
characteristic is described in connection with an embodiment, it is submitted that it is within the
knowledge of one skilled in the art to effect such feature, structure, or characteristic in
connection with other embodiments whether or not explicitly described. Additionally, it should
be appreciated that items included in a list in the form of “at least one A, B, and C” can mean
(A); (B); (C); (A and B); (A and C); (B and C); or (A, B, and C). Similarly, items listed in the
form of “at least one of A, B, or C” can mean (A); (B); (C); (A and B); (A and C); (B and C); or
(A, B, and C).

[0015] The disclosed embodiments may be implemented, in some cases, in hardware,
firmware, software, or any combination thereof. The disclosed embodiments may also be
implemented as instructions carried by or stored on a transitory or non-transitory machine-

readable (e.g., computer-readable) storage medium, which may be read and executed by one or

more processors. A machine-readable storage medium may be embodied as any storage device,

S0



WO 2017/112288 PCT/US2016/063556

mechanism, or other physical structure for storing or transmitting information in a form
readable by a machine (e.g., a volatile or non-volatile memory, a media disc, or other media
device).

[0016] In the drawings, some structural or method features may be shown in specific
arrangements and/or orderings. However, it should be appreciated that such specific
arrangements and/or orderings may not be required. Rather, in some embodiments, such
features may be arranged in a different manner and/or order than shown in the illustrative
figures. Additionally, the inclusion of a structural or method feature in a particular figure is not
meant to imply that such feature is required in all embodiments and, in some embodiments, may
not be included or may be combined with other features.

[0017] Referring now to FIG. 1, in an illustrative embodiment, a system 100 for
managing a treatment program includes a treatment management server 102, patient devices
104 associated with a patient, patient devices 112 associated with various other patients, and a
health history server 120 in some embodiments, which may communicate with each other via a
network 122. The patient devices 104 illustratively include one or more smart pills 106, a
patient computing device 108, and physiological sensors 110. Likewise, the patient devices 112
associated with other patients include smart pills 114, patient computing devices 116, and
physiological sensors 118. In use, as described in more detail herein, the treatment
management server 102 is configured to generate treatment data that dictates how the smart
pills 106 and 114, when consumed by patients, will release drugs into the patients. In the
illustrative embodiment, the treatment data controls various aspects of the drug treatment
program such as which drugs are to be released, how much of each drug is to be released, and
when the drugs are to be released. Further, in the illustrative embodiment, the treatment
management server 102 is configured to introduce variations in the treatment data, such that one
smart pill (e.g., the smart pill 106) releases slightly different amounts of one or more drugs
compared another smart pill (e.g., one of the smart pills 114). The treatment data may vary in
terms of when the drugs are released by the smart pills 106 and 114 as well. Additionally, the
treatment management server 102 is configured to obtain detailed patient physiological data
from the smart pills 106 and 114, the physiological sensors 110 and 118, and the patient
computing devices 108 and 116 regarding the patients who consumed the smart pills 106 and
114. The treatment management server 102 may subsequently determine which of the patients
had a preferred (e.g., the best) physiological response to the treatments and update the treatment

data for use by the other smart pills in the other patients. Accordingly, the treatment
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management server 102 refines the treatments using the detailed physiological data from the
multiple patients.

[0018] As described in more detail herein, the smart pills 106 and 114 are configured to
release drugs in accordance with the treatment data, monitor physiological characteristics of the
patients who consumed the smart pills, and transmit the physiological data to the treatment
management server 102 as patient physiological data. Further, as described in more detail
herein, the physiological sensors 110 and 118 are configured to supplement the physiological
data transmitted from the smart pills. Additionally, as described in more detail herein, the
patient computing devices 108 and 116 are configured to facilitate communication between the
treatment management server 102, the smart pills 106 and 114, and the physiological sensors
110 and 118.

[0019] Referring now to FIG. 2, the treatment management server 102 may be
embodied as any type of server device capable of generating treatment data to control the
release of drugs in patients, updating the treatment data based on received patient physiological
data, and otherwise performing the functions described herein. For example, the treatment
management server 102 may be embodied as, without limitation, a server computer, a
distributed computing system, a networking device, a multiprocessor system, a consumer
electronic device, a smart appliance, and/or any other computing device capable of performing
the functions described herein. Although shown as a single computing device, it should be
appreciated that the treatment management server 102 may be embodied as a collection of
servers and/or other compute devices configured to cooperate to perform the functions
described herein.

[0020] The illustrative treatment management server 102 includes a processor 210, an
I/0O subsystem 212, a memory 214, a data storage device 216, a communication subsystem 218,
a display 220, and peripheral devices 222. Of course, the treatment management server 102
may include other or additional components, such as those commonly found in a workstation
(e.g., various input/output devices), in other embodiments. Additionally, in some embodiments,
one or more of the illustrative components may be incorporated in, or otherwise form a portion
of, another component. For example, the memory 214, or portions thereof, may be incorporated
in the processor 210 in some embodiments.

[0021] The processor 210 may be embodied as any type of processor capable of
performing the functions described herein. For example, the processor 210 may be embodied
as a single or multi-core processor(s), digital signal processor, microcontroller, or other

processor or processing/controlling circuit. Similarly, the memory 214 may be embodied as
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any type of volatile or non-volatile memory or data storage capable of performing the functions
described herein. In operation, the memory 214 may store various data and software used
during operation of the treatment management server 102 such as operating systems,
applications, programs, libraries, and drivers. The memory 214 is communicatively coupled to
the processor 210 via the I/O subsystem 212, which may be embodied as circuitry and/or
components to facilitate input/output operations with the processor 210, the memory 214, and
other components of the treatment management server 102. For example, the I/O subsystem
212 may be embodied as, or otherwise include, memory controller hubs, input/output control
hubs, firmware devices, communication links (i.e., point-to-point links, bus links, wires, cables,
light guides, printed circuit board traces, etc.) and/or other components and subsystems to
facilitate the input/output operations. In some embodiments, the I/O subsystem 212 may form a
portion of a system-on-a-chip (SoC) and be incorporated, along with the processor 210, the
memory 214, and other components of the treatment management server 102, on a single
integrated circuit chip.

[0022] The data storage device 216 may be embodied as any type of device or devices
configured for short-term or long-term storage of data such as, for example, memory devices
and circuits, memory cards, hard disk drives, solid-state drives, or other data storage devices.
The data storage device 216 may store, for example, received patient physiological data, patient
schedule data, health history data, and heuristics for determining treatment data based on the
afore-mentioned data.

[0023] The communication subsystem 218 may be embodied as any communication
circuit, device, or collection thereof, capable of enabling communications between the
treatment management server 102 and other remote devices over a computer network (e.g., the
network 122). The communication subsystem 218 may be configured to use any one or more
communication technology (e.g., wired or wireless communications) and associated protocols
(e.g., Ethernet, Bluetooth®, Wi-Fi®, WiMAX, etc.) to effect such communication.

[0024] Additionally, the treatment management server 102 may include a display 220
that may be embodied as any type of display capable of displaying digital information such as a
liquid crystal display (LCD), a light emitting diode (LED), a plasma display, a cathode ray tube
(CRT), or other type of display device. In some embodiments, the treatment management
server 102 may also include one or more peripheral devices 222. The peripheral devices 222
may include any number of additional input/output devices, interface devices, and/or other

peripheral devices.
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[0025] Referring now to FIG. 3, the smart pill 106, 114 may be embodied as any device
capable of being consumed or otherwise placed inside a patient’s body, releasing one or more
drugs in accordance with treatment data generated by the treatment management server 102,
and sensing and reporting physiological conditions within the body as described in more detail
herein. Although the description below is provided with reference to smart pill 106, it should
be appreciated that such description is equally applicable to the smart pills 114 of the other
patient devices 112.

[0026] In the illustrative embodiment, the smart pill 106 includes a
processor/microcontroller 310, an I/O subsystem 312, a memory 314, a data storage device 316,
and a communication subsystem 318. Those components may be substantially similar to the
corresponding components of the treatment management server 102. In at least some
embodiments, the components are scaled down to accommodate the smaller physical size of the
smart pill 106 relative to the size of the treatment management server 102. For example, in
some embodiments, many or all of the components of the smart pill 106, 114 may be embodied
on a common die a such as a system-on-a-chip (SoC). Regardless, further descriptions of the
like components are not repeated herein with the understanding that the description of the
corresponding components provided above in regard to the source computing device 102
applies equally to the corresponding components of the destination computing device 106.
[0027] The illustrative smart pill 106 includes various sensors 330, a battery 332,
various drugs 334 and 336, and corresponding drug releasers 338 and 340. The sensors 330
may include, or otherwise be embodied as any type of sensor capable of sensing a physiological
characteristic of the patient. For example, in some embodiments, the sensors 330 may include a
visual sensor such as a camera, a pH level sensor to measure acidity in the body, a protein
sensor to detect various proteins in the body, and/or a chemical sensor to detect the presence of
and amounts of various chemicals in the body. In the illustrative embodiment, the battery 332
may be embodied as any one or more devices capable of storing energy and providing the
stored energy to the other components of the smart pill 106, as needed.

[0028] As discussed above, the smart pill 106 is configured to administer the drugs 334,
336 according to the treatment data. Although shown in FIG. 3 as including the two drugs 334,
336, it should be appreciated that the smart pill 106 may include only one drug in some
embodiments or more than two drugs in other embodiments. In the illustrative embodiment, the
drugs 334 and 336 are different from each other and are stored in reservoirs within the smart
pill 106, but may be similar or identical drugs in other embodiments. The drugs 334 and 336

may include, but are not limited to fluids, solids, organic material, inorganic material, vitamins,
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and/or microbots. The corresponding drug releasers 338 and 340 may be embodied as any type
of mechanical or electromechanical devices, such as pumps, that are configured to release
specified amounts of the drugs 338 and 340 in accordance with the treatment data. More
specifically, in the illustrative embodiment, the drug releasers 338 and 340 are configured to be
controlled by the processor 310 to release the drugs 334 and 336 in accordance with the
treatment data.

[0029] Referring back to FIG. 1, the health history server 120 may be embodied as any
type of server computer capable of maintaining health history data related to the patients. The
maintained health history data may include any type of health-related information associated
with patients including, but not limited to, allergies, drug reactions, physiological
characteristics, health concerns/issues, drug prescription history, and/or the like. The health
history server 120 may include components commonly found in a server computer, such as a
processor, memory, I/O subsystem, data storage, communication subsystem, etc. Those
components may be substantially similar to the corresponding components of the treatment
management server 102. As such, further descriptions of the like components are not repeated
herein with the understanding that the description of the corresponding components provided
above in regard to the treatment management server 102 applies equally to the corresponding
components of the health history server 120.

[0030] The physiological sensors 110 and 118 may be embodied as, or otherwise
include, any type of sensor capable of sensing, obtaining, and/or generating sensor data
indicative of a physiological characteristic of a patient or from which a physiological
characteristic may be derived. For example, the illustrative physiological sensors 110 and 118
may monitor physiological characteristics of the patients, activities of the patients,
characteristics of the patients’ environments, and/or other factors indicative of or which can
impact the patients’ physiological characteristics. The illustrative patient physiological sensors
110 and 118 include wearable sensors, body fluid sensors, and/or environmental sensors. The
wearable sensors may be embodied as any type of sensors capable of being worn by a patient
and producing sensor data indicative of a physiological characteristic of the patient. For
example, the wearable sensors may include, but are not limited to, a heart rate sensor, a blood
pressure sensor, a brain activity sensor (e.g., an electroencephalogram (EEG) sensor and/or a
functional near-infrared spectroscopy (fNIRS) sensor), a temperature sensor, a pedometer,
and/or other sensors configured to be worn by the patient and to measure physiological
conditions of the patient. The body fluid sensors may be embodied as any type of sensor or

sensing device capable of analyzing a body fluid of a patient, such as waste fluids, saliva, or
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other substances from the patient’s body to detect the presence of and/or amounts of
medication, viruses, bacteria, sugar, or other items. For example, the body fluid sensors may be
embodied as a smart toilet or sink, a blood monitoring device, a smart saliva stick, and/or the
like. The environmental sensors may be embodied as any type of sensors capable of measuring
various environmental characteristics of the environment of the patient. For example, the
environmental sensors may include sensors associated with the weather (e.g., temperature
sensors and pressure sensors), as well as sensors configured to detect the presence of and/or
measure the amount of bacteria, viruses, chemicals, and/or other substances that may affect the
health of the patient. Of course, the patient physiological sensors 110 and 118 may include
additional or other types of sensors in other embodiments.

[0031] Each of the patient computing devices 108 and 116 may be embodied as any
type of personal computing device, such as a smartphone, tablet, or other computing device,
usable by a patient. Each of the patient computing devices 108 and 116 may include
components commonly found in a computer, such as a processor, memory, I/O subsystem, data
storage, communication subsystem, etc. Those components may be substantially similar to the
corresponding components of the treatment management server 102. As such, further
descriptions of the like components are not repeated herein with the understanding that the
description of the corresponding components provided above in regard to the treatment
management server 102 applies equally to the corresponding components of the patient
computing devices 108 and 116. In some embodiments, each of the patient computing devices
108 and 116 may be embodied as a special-purpose computing device. In other embodiments,
the patient computing devices 108 and 116 may be general-purpose devices, such as personal
smartphones.

[0032] In the illustrative embodiment, each of the patient computing devices 108 and
116 may be to configured act as a communication link between the respective smart pills 106
and 114, the physiological sensors 110 and 118, and the treatment management server 102. For
example, each patient computing device 108 and 116 may be configured to receive treatment
data from the treatment management server 102 and transmit the treatment data to the
respective smart pills 106 and 114 associated with the patients. Additionally, each patient
computing device 108 and 116 may be configured to receive patient physiological data from the
respective smart pills 106 and 114, as well as from the physiological sensors 110 and 118
associated with each patient, and transmit the patient physiological data to the treatment
management server 102. In alternative embodiments, the smart pills 106 and 114 and/or the

physiological sensors 110 and 118 may be configured to communicate directly with the
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treatment management server 102. In the illustrative embodiment, the patient computing
devices 108 and 116 are configured to anonymize the patient physiological data before
transmitting the patient physiological data to the treatment management server 102. In addition
to potentially acting as a communication link, the patient computing devices 108 and 116 may
be configured to present the patient physiological data to the respective patients for review.
Further, the patient computing devices 108 and 116 may be configured to prompt the respective
patients for authorization to share the patient physiological data and obtain authorization from
the respective patients prior to transmitting the patient physiological data to the treatment
management server 102. Accordingly, the patients may exercise control over whether their
physiological data is shared.

[0033] As discussed above, the treatment management server 102, the patient devices
104 and 112, and the health history server 120 are each configured to communication over the
network 122. The network 122 may be embodied as any number of various wired and/or
wireless networks. For example, the network 122 may be embodied as, or otherwise include, a
wired or wireless local area network (LAN), a wired or wireless wide area network (WAN), a
cellular network, and/or a publicly-accessible, global network such as the Internet. As such, the
network 122 may include any number of additional devices, such as additional computers,
routers, and switches, to facilitate communications among the devices of the system 100.

[0034] Referring now to FIG. 4, in the illustrative embodiment, the treatment
management server 102 establishes an environment 400 during operation. The illustrative
environment 400 includes a data aggregator module 402, a treatment data determination module
412, and a communication module 418. Each of the modules, logic, and other components of
the environment 400 may be embodied as hardware, software, firmware, or a combination
thereof. For example, each of the modules, logic, and other components of the environment
400 may form a portion of, or otherwise be established by, the processor 210, the memory 214,
the communication subsystem 218, and/or other hardware components of the treatment
management server 102. As such, in some embodiments, one or more of the modules of the
environment 400 may be embodied as circuitry or a collection of electrical devices (e.g., a data
aggregator circuit 402, a treatment data determination circuit 412, a communication circuit 418,
etc.).

[0035] The data aggregator module 402 is configured to aggregate data from multiple
sources including the smart pills 106 and 114, the physiological sensors 110 and 118, the
patient computing devices 108 and 116, and/or the health history server 120, pertaining to

multiple patients. In the illustrative embodiment, the data aggregator module 402 includes a
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physiological data acquisition module 404, a health history acquisition module 406, and a
schedule acquisition module 408. The physiological data acquisition module 404, in the
illustrative embodiment, is configured to receive patient physiological data 420 generated by
the smart pills 106 and 114 (e.g., pH levels, various protein levels, and/or various chemical
levels), the physiological sensors 110 and 118 (e.g., heart rates, blood pressures, brain activity
levels, body temperatures, bacteria levels, virus levels, etc.), and the patient computing devices
108 and 116 (e.g., subjective patient-reported opinions of their health statuses). The health
history acquisition module 406 is configured to acquire health history data 422 for use by the
data aggregator module 402. Additionally, the schedule acquisition module 408 is configured
to obtain patient schedule data 424, such as scheduled activities (e.g., exercise, meetings, travel,
etc.) at specified times and locations, that are indicative of types and levels of activity of the
patients and environments the patients are exposed to. In acquiring data, such as the patient
physiological data 420, the health history data 422, and the schedule data 424, the respective
modules 404, 406, and 408 may poll the sources for the data, receive the data as it is pushed to
the modules 404, 406, and 408, and/or store and retrieve the data from respective databases.

[0036] The treatment data determination module 412 is configured to determine types
and amounts of drugs to be released by the smart pills 106 and 114, as well as when the drugs
are to be released in the bodies of the respective patients. In other words, the treatment data
determination module 412 is configured to generate the treatment data 428 for use by the smart
pills 106 and 114. In the illustrative embodiment, the treatment data determination module 412
is configured to introduce variations in an initial set of the treatment data 428 to be transmitted
to the respective smart pills 106 and 114 such that the respective patients receive differing types
and/or amounts of drugs, possibly at different times. In the illustrative embodiment, the
treatment data determination module 412 is also configured to generate and adjust or modify
the treatment data 428 based on the patient physiological data 420, the health history data 422,
and the schedule data 424. For example, in the illustrative embodiment, the treatment data
determination module 412 is configured to generate a standard set of treatment data 428 and
then adjust the treatment data 428 for each of the patients based on patient-specific factors, such
as their health history data 422 and/or schedule data 424. More specifically, the treatment data
determination module 412 may be configured to reduce an amount of a particular drug in view
of a heightened sensitivity to the drug indicated in the health history data 422. As another
example, the treatment data determination module 412 may be configured to increase an

amount of a particular drug (e.g. a vitamin) based on an indication in the patient schedule data
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424 that a patient likely receives an abnormally low level of sunlight based on their scheduled
time indoors or in locations that typically receive relatively little sunlight.

[0037] In the illustrative embodiment, the treatment data determination module 412
includes a patient response comparator module 414 and a heuristics module 416. The patient
response comparator module 414 is configured to analyze the patient physiological data 420
associated with each patient who has consumed one of the smart pills 106 and 114 and identify
a preferred physiological response in the patient physiological data 420. More specifically, in
the illustrative embodiment, the patient response comparator module 414 compares a
physiological response associated with each patient in the received patient physiological data
420 to a target physiological response, representing a goal that the treatment is to achieve, such
as a particular blood pressure. The patient physiological response that most closely matches the
target physiological response is the preferred physiological response. The patient response
comparator module 414 is also configured to identify the treatment data 428 associated with the
preferred physiological response (i.e., the treatment data that was transmitted to the smart pill
106 or 114 associated with the preferred physiological response). The treatment data
determination module 412 is configured to modify the treatment data associated with the
various smart pills 106 and 114 toward the treatment data that resulted in the preferred
physiological response. In this way, when the modified treatment data 428 is transmitted to the
smart pills 106 and 114, the resulting physiological responses of all of the patients are likely to
be closer to the target physiological response (i.e., the goal of the treatment program). In the
illustrative embodiment, the heuristics module 416 is configured to apply one or more heuristics
426 to the data used by the treatment data determination module 412 to generate, adjust, and
modify the treatment data 428 as described above.

[0038] The communication module 418 is configured to receive data from devices, such
as the patient devices 104 and 112 and the health history server 120. Further, the
communication module 418 is configured to transmit data, such as the treatment data 428, to the
devices.

[0039] Referring now to FIG. 5, in the illustrative embodiment, the smart pill 206
establishes an environment 500 during operation. The illustrative environment 500 includes a
sensor controller module 502, a drug release controller module 504, and a communication
module 506. Each of the modules, logic, and other components of the environment 500 may be
embodied as hardware, software, firmware, or a combination thereof. For example, each of the
modules, logic, and other components of the environment 500 may form a portion of, or

otherwise be established by, the processor 310, the memory 314, the communication circuitry
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318, and/or other hardware components of the smart pill 106. As such, in some embodiments,
one or more of the modules of the environment 500 may be embodied as circuitry or a
collection of electrical devices (e.g., a sensor controller circuit 502, a drug release controller
circuit 504, a communication circuit 508, etc.).

[0040] The sensor controller module 502 is configured to activate and control the
sensors 330 in the smart pill 106 to detect and/or measure physiological conditions in the body
of a patient who consumed the smart pill 106. For example, the sensor controller module 502
may be configured to control the sensors 330 to measure an acidity (i.e., a pH) of one or more
body fluids in the patient, to determine types and amounts of proteins in the patient, to measure
one or more chemicals in the patient, and/or to obtain images or video of internal portions of the
patient, such as to identify signs of inflammation or irritation.

[0041] The drug release controller module 504 is configured to activate and control the
drug releasers 338 and 340 in accordance with the treatment data 428. For example, the drug
release controller module 504 may be configured to interpret the treatment data 428 to identify
parameters including drug types to be released, amounts of the drugs to be released, and a
release schedule (i.e., drug release times) and to control the corresponding drug releasers 338
and 340 to release one or more of the drugs 334 and 336 in accordance with the parameters.
[0042] The communication module 506 is configured to facilitate communications
between the smart pill 106 and other devices of the system 100. In the illustrative embodiment,
the communication module 506 is configured to receive the treatment data 428 from the patient
computing device 108, such as through relatively short range wireless communication. In other
embodiments, the communication module 506 is configured to receive the treatment data 428
directly from the treatment management server 102. Further, the communication module 502 is
configured to transmit patient physiological data 420 to the patient computing device 108 or
directly to the treatment management server 102, depending on the embodiment. It should be
understood that the smart pills 114 include similar modules as those described above with
reference to the smart pill 106.

[0043] Referring now to FIG. 6, in the illustrative embodiment, the patient computing
device 108 establishes an environment 600 during operation. The illustrative environment 600
includes a communication module 602 and a user interface module 604. Each of the modules,
logic, and other components of the environment 600 may be embodied as hardware, software,
firmware, or a combination thereof. For example, each of the modules, logic, and other
components of the environment 600 may form a portion of, or otherwise be established by, the

processor 210, the memory 214, the communication circuitry 218, and/or other hardware
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components of the patient computing device 108. As such, in some embodiments, one or more
of the modules of the environment 600 may be embodied as circuitry or a collection of
electrical devices (e.g., a communication circuit 602 and a user interface circuit 604).

[0044] The communication module 602 is configured enable the patient computing
device 108 to act as a communication link between the treatment management server 102 and
the smart pill 106 and physiological sensors 110. In the illustrative embodiment, the
communication module 602 is configured to receive treatment data 428 from the treatment
management server 102 and transmit the treatment data 428 to the smart pill 106. More
specifically, in the illustrative embodiment, the communication module 602 may receive the
treatment data 428 through the network 122 and transmit the treatment data 428 to the smart pill
106 using short range wireless communication (e.g., near field communication (NFC) or a
Bluetooth protocol). Additionally, in the illustrative embodiment, the communication module
602 1is configured to receive patient physiological data 420 from the smart pill 106 and the
physiological sensors 110, and transmit the patient physiological data 420 to the treatment
management server 102. In the illustrative embodiment, as described in more detail herein, the
communication module 602 is configured not to transmit the patient physiological data 420 to
the treatment management server 102 if the patient indicates that the patient physiological data
420 is not to be shared.

[0045] The user interface module 604 is configured to display or otherwise present
information to a user, such as the patient who consumed the smart pill 106, and to receive
information from the user. In the illustrative embodiment, the user interface module 604 is
configured to display the patient physiological data 420 obtained by the communication module
602 from the smart pill 106 and/or the physiological sensors 110. Further, the user interface
module 604 is configured to prompt the user for authorization to share the displayed patient
physiological data 420 with the treatment management server 102 and to receive an
authorization decision (e.g., yes or no) from the patient indicating whether the patient gives
authorization for the patient physiological data 420 to be shared. Additionally, in the
illustrative embodiment, the user interface module 604 is configured to prompt the patient to
enter a self-reported opinion, such as a numeric rating or qualitative description of the patient’s
physiological status. The patient computing device 108 may add the self-reported opinion to
the patient physiological data 420 to be transmitted to the treatment management server 102. It
should be understood that the other patient computing devices 116 include similar modules as

those described above with reference to the patient computing device 108.
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[0046] Referring now to FIGS. 7-8, in use, the treatment management server 102 may
execute a method 700 for managing a treatment program. The method 700 begins with block
702, in which the treatment management server 102 determines whether to begin the treatment
program. In the illustrative embodiment, the treatment management server 102 may determine
that a scheduled date for the beginning of the treatment program has arrived. In other
embodiments, the treatment management server 102 may receive a signal or request to begin
the treatment program. In yet other embodiments, the treatment management server 102
determines to begin the treatment program based on other criteria. Regardless, after the
treatment management server 102 determines to begin the treatment program, the method 700
advances to block 704. In block 704, the treatment management server 102 generates standard
treatment data 428. For example, in the illustrative embodiment, the treatment management
server 102 generates a single set of parameters specifying one or more drug types to be
released, the amounts of the drugs to be released, and a schedule (i.e., times) for the release of
the drugs, such as once every six hours. In the illustrative embodiment, in block 706, the
treatment management server 102 generates the treatment data with variations. For example,
the treatment management server 102 may introduce variations in the standard treatment data
428 such that one set of parameters, to be transmitted to smart pills for one patient (e.g., smart
pill 106) specifies releasing 10% more of a drug than another set of parameters to be
transmitted to smart pills for one or more other patient (e.g., smart pills 114). Depending on the
embodiment, the treatment management server 102 may vary the drug types, the drug amounts,
and/or the release schedules.

[0047] In block 708, the treatment management server 102 adjusts the treatment data
428 for patient specific factors. In the illustrative embodiment, as indicated in block 710, the
treatment management server 102 may adjust the treatment data 428 based on the health history
data 422. For example, the treatment management server 102 may reduce the specified amount
of a particular drug in view of an indication in the health history data 422 that the patient is
highly sensitive to that drug. Further, as indicated in block 712, the treatment management
server 102 may adjust the treatment data 712 based on the patient’s schedule data 424. For
example, the schedule data 424 may indicate that the patient travels frequently and likely
experiences fatigue from jet lag. Accordingly, in the example, the treatment management
server 102 may increase an amount of a drug that regulates sleep.

[0048] In block 714, the treatment management server 102 transmits the treatment data
428 to the corresponding smart pills 106 and 114. The treatment management server 102 may

transmit the treatment data 428 to the smart pills 106 and 114 before they are consumed or
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otherwise introduced into the patients’ bodies or after the smart pills 106 are 114 are inside the
patients’ bodies (e.g., to provide an updated treatment dosage or schedule). As indicated in
block 716, in the illustrative embodiment, the treatment management server 102 transmits the
treatment data 428 to the corresponding patient computing devices 108 and 116 which then
transmit the treatment data 428 to the corresponding smart pills 106 and 114.

[0049] In block 718, the treatment management server 102 obtains the patient
physiological data 420 from all of the patients in the treatment program. In the illustrative
embodiment, the treatment management server 102 receives the patient physiological data 420
from the respective patient computing devices 108 and 116. In other embodiments, the
treatment management server 102 receives the patient physiological data 420 directly from the
smart pills 106 and 114 and physiological sensors 110 and 118. The method 700 subsequently
advances to block 720 of FIG. 8.

[0050] In block 720, the treatment management server 102 identifies a preferred
physiological response among the patients, based on the physiological data 420 obtained in
block 718. As indicated in block 722, in the illustrative embodiment, the treatment
management server 102 identifies the preferred physiological response as the patient
physiological data that most closely matches a reference set of physiological data. For
example, the reference set of physiological data may indicate a blood pressure in a specific
range, representing the goal of the treatment program. Accordingly, the treatment management
server 102 compares each patient’s physiological data 420 (i.e., their physiological responses)
to the reference set of physiological data and whichever physiological response is the closest to
the reference set of physiological data (e.g., the closest reported blood pressure to the blood
pressure goal) is the preferred physiological response.

[0051] In block 724, the treatment management server 102 identifies the treatment data
428 associated with the preferred physiological response. For example, the treatment
management server 102 may determine which smart pill 106, 114 is associated with the
preferred physiological response and identify the treatment data 428 that was transmitted to that
smart pill 106, 114. In block 726, the treatment management server 102 determines whether to
modify the treatment data 726 based on the preferred physiological response. For example, in
the illustrative embodiment, the treatment management server 102 may determine that all of the
physiological responses of all of the patients are within a predefined range of the reference set
of physiological data, meaning that the goal of the treatment program have been reached with
the present treatment data 428 and that further modification of the treatment data 428 would not

result in significant improvements. In such a scenario, the treatment management server 102
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determines not to modify the treatment data 428, and the method 700 advances to block 718 of
FIG. 7 in which the treatment management server 102 again obtains patient physiological data
from all of the patients. In other words, the treatment data 428 stays the same as it was and the
treatment management server 102 continues to monitor the physiological data 420 associated
with the patients in the treatment program.

[0052] If, in block 726, the treatment management server 102 instead determines to
modify the treatment data 428, the method advances to block 728, in which the treatment
management server 102 modifies the treatment data associated with the other patients (i.e., the
patients who did not have the preferred physiological response) toward the treatment data 428
associated with the preferred physiological response. For example, the treatment management
server 102 may determine that the smart pills 106, 114 for the patients who did not have the
preferred physiological response received treatment data 428 that specified a lower amount of a
particular drug than the treatment data 428 