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METHODS AND SYSTEMS FOR PROMOTING GLUCOSE MANAGEMENT

Cross Reference to Related Applications

[0001] This application claims priority to Provisional Application 61/164,326,

filed on March 27, 2009. The disclosure of this application is hereby incorporated by

reference in its entirety.

Background

[0002] Diabetes mellitus is a disorder in which the pancreas cannot create

sufficient insulin (Type I or insulin dependent) and/or in which insulin is not effective

(Type 2 or non-insulin dependent). In the diabetic state, the victim suffers from high

blood sugar, which may cause an array of physiological derangements (for example,

kidney failure, skin ulcers, or bleeding into the vitreous of the eye) associated with the

deterioration of small blood vessels. A hypoglycemic reaction (low blood sugar) may be

induced by an inadvertent overdose of insulin, or after a normal dose of insulin or

glucose-lowering agent accompanied by extraordinary exercise or insufficient food intake.

[0003] Conventionally, a person with diabetes carries a self-monitoring blood

glucose (SMBG) monitor, which typically requires uncomfortable finger pricking

methods. Due to the lack of comfort and convenience, a person with diabetes will

normally only measure his or her glucose levels two to four times per day. Unfortunately,

these time intervals are so far apart that the person with diabetes will likely find out too

late about hyper- or hypo-glycemic conditions. In fact, it is not only unlikely that a person

with diabetes will take a timely SMBG value, it is likely that the person with diabetes will

not know if their blood glucose value is going up (higher) or down (lower) based on

conventional methods. Thus, their ability to make educated insulin therapy decisions is

inhibited.

[0004] Some attempts have been made to continuously measure the glucose

concentration in a person with diabetes. More frequent measurements can allow the

person with diabetes to know of essentially current blood sugar conditions and to make

appropriate decisions in response to the current conditions. However, these continuous

glucose sensors typically use methods of displaying measurement data which is

uninteresting to the person with diabetes. This is especially the case when the person with

diabetes is young. Pediatric persons with diabetes often do not understand, forget about,



or intentionally ignore the data displayed from their continuously measured glucose

monitor. Accordingly, people with diabetes experience blood sugar excursions which

may have been avoided had they been more diligently interacting with their sensor

system.

[0005] Accordingly, there exists a need for improvements in displaying data

from continuous glucose sensors in order to better entice the person with diabetes, such as

pediatric patients, to use and interact with their monitor system.

Summary

[0006] In one embodiment, the invention comprises a method of encouraging

interactions with a receiver configured to receive sensor data from a glucose sensor. The

method comprises sensing an interaction from a user with a receiver, wherein the receiver

is configured to receive sensor data from the glucose sensor and to selectively display

information associated with the sensor data and/or the sensor data in response to

interactions from the user. In response to a plurality of different sensed interactions, a

reward counter is incremented, and in response to determining that the reward counter has

reached a predetermined reward threshold, a reward indication on the receiver is

displayed, and/or a reward indication is transmitted.

[0007] In another embodiment, a method of encouraging interactions with a

continuous glucose monitoring system comprises sensing a user interaction with a portion

of the continuous glucose monitoring system and incrementing a reward counter in

response to the sensed interaction independent of the creation or value of any sensor data.

[0008] In another embodiment, a portable sensor system is provided. The

sensor system comprises a glucose sensor configured to provide real-time continuous

glucose sensor data, a device comprising a user interface configured to receive user input

and display the real time glucose sensor data responsive to user-interaction with the

portable device, and a processor module configured to tabulate a score based at least in

part on user interactions with the user interface.

Brief Description of the Drawings

[0009] Fig. 1 is a block diagram that illustrates a configuration of a medical

device in one embodiment, including a continuous analyte sensor, a receiver, and an

external device.



[0010] Fig. 2 is a flowchart that illustrates a process of displaying sensor data

as a game.

[0011] Figs. 3A-3H are drawings illustrating various embodiments of

displayed sensor data.

[0012] Figs. 4A-4G are drawings illustrating an embodiment of displayed

sensor data.

[0013] Fig. 5 is a drawing illustrating an animation graphically comparing two

sets of sensor data.

[0014] Fig. 6 is a flowchart that illustrates a process of displaying sensor data

as a game where rewards are given.

[0015] Fig. 7A is a flowchart that illustrates a process of generating rewards

based on user interaction.

[0016] Fig. 7B is a flowchart that illustrates another process of generating

rewards based on user interaction.

[0017] Fig. 8A is a flowchart that illustrates a process of displaying tutorial

data for a user.

[0018] Fig. 8B illustrates exemplary frames of a tutorial.

[0019] Figs. 9A and 9B are drawings illustrating embodiments of displayed

tutorial data.

[0020] Fig. 10 is a drawing illustrating an embodiment of displaying data with

a graphical character.

Detailed Description of Certain Embodiments

[0021] The following description and examples illustrate some exemplary

embodiments of the disclosed invention in detail. Those of skill in the art will recognize

that there are numerous variations and modifications of this invention that are

encompassed by its scope. Accordingly, the description of a certain exemplary

embodiment should not be deemed to limit the scope of the present invention.

Definitions

[0022] In order to facilitate an understanding of the disclosed invention, a

number of terms are defined below.



[0023] The term "analyte," as used herein, is a broad term and is used in its

ordinary sense, including, without limitation, to refer to a substance or chemical

constituent in a biological fluid (for example, blood, interstitial fluid, cerebral spinal fluid,

lymph fluid or urine) that can be analyzed. Analytes can include naturally occurring

substances, artificial substances, metabolites, and/or reaction products. However, other

analytes are contemplated as well, including but not limited to acarboxyprothrombin;

acylcarnitine; adenine phosphoribosyl transferase; adenosine deaminase; albumin; alpha-

fetoprotein; amino acid profiles (arginine (Krebs cycle), histidine/urocanic acid,

homocysteine, phenylalanine/tyrosine, tryptophan); andrenostenedione; antipyrine;

arabinitol enantiomers; arginase; benzoylecgonine (cocaine); biotinidase; biopterin; c-

reactive protein; carnitine; carnosinase; CD4; ceruloplasmin; chenodeoxycholic acid;

chloroquine; cholesterol; cholinesterase; conjugated 1-β hydroxy-cholic acid; Cortisol;

creatine kinase; creatine kinase MM isoenzyme; cyclosporin A ; d-penicillamine; de-

ethylchloroquine; dehydroepiandrosterone sulfate; DNA (acetylator polymorphism,

alcohol dehydrogenase, alpha 1-antitrypsin, cystic fibrosis, Duchenne/Becker muscular

dystrophy, analyte-6-phosphate dehydrogenase, hemoglobin A, hemoglobin S,

hemoglobin C, hemoglobin D, hemoglobin E, hemoglobin F, D-Punjab, beta- thalassemia,

hepatitis B virus, HCMV, HIV-I, HTLV-I, Leber hereditary optic neuropathy, MCAD,

RNA, PKU, Plasmodium vivax, sexual differentiation, 21-deoxycortisol);

desbutylhalofantrine; dihydropteridine reductase; diptheria/tetanus antitoxin; erythrocyte

arginase; erythrocyte protoporphyrin; esterase D ; fatty acids/acylglycines; free β-human

chorionic gonadotropin; free erythrocyte porphyrin; free thyroxine (FT4); free tr i

iodothyronine (FT3); fumarylacetoacetase; galactose/gal-1 -phosphate; galactose-1-

phosphate uridyltransferase; gentamicin; analyte-6-phosphate dehydrogenase; glutathione;

glutathione perioxidase; glycocholic acid; glycosylated hemoglobin; halofantrine;

hemoglobin variants; hexosaminidase A ; human erythrocyte carbonic anhydrase I; 17-

alpha-hydroxyprogesterone; hypoxanthine phosphoribosyl transferase; immunoreactive

trypsin; lactate; lead; lipoproteins ((a), B/A-l, β); lysozyme; mefloquine; netilmicin;

phenobarbitone; phenytoin; phytanic/pristanic acid; progesterone; prolactin; prolidase;

purine nucleoside phosphorylase; quinine; reverse tri-iodothyronine (rT3); selenium;

serum pancreatic lipase; sissomicin; somatomedin C ; specific antibodies (adenovirus,

anti-nuclear antibody, anti-zeta antibody, arbovirus, Aujeszky's disease virus, dengue

virus, Dracunculus medinensis, Echinococcus granulosus, Entamoeba histolytica,



enterovirus, Giardia duodenalisa, Helicobacter pylori, hepatitis B virus, herpes virus,

HIV-1, IgE (atopic disease), influenza virus, Leishmania donovani, leptospira,

measles/mumps/rubella, Mycobacterium leprae, Mycoplasma pneumoniae, Myoglobin,

Onchocerca volvulus, parainfluenza virus, Plasmodium falciparum, poliovirus,

Pseudomonas aeruginosa, respiratory syncytial virus, rickettsia (scrub typhus),

Schistosoma mansoni, Toxoplasma gondii, Trepenoma pallidium, Trypanosoma

cruzi/rangeli, vesicular stomatis virus, Wuchereria bancrofti, yellow fever virus); specific

antigens (hepatitis B virus, HIV-I); succinylacetone; sulfadoxine; theophylline;

thyrotropin (TSH); thyroxine (T4); thyroxine-binding globulin; trace elements;

transferrin; UDP-galactose-4-epimerase; urea; uroporphyrinogen I synthase; vitamin A;

white blood cells; and zinc protoporphyrin. Salts, sugar, protein, fat, vitamins and

hormones naturally occurring in blood or interstitial fluids can also constitute analytes in

certain embodiments. The analyte can be naturally present in the biological fluid, for

example, a metabolic product, a hormone, an antigen, an antibody, and the like.

Alternatively, the analyte can be introduced into the body, for example, a contrast agent

for imaging, a radioisotope, a chemical agent, a fluorocarbon-based synthetic blood, or a

drug or pharmaceutical composition, including but not limited to insulin; ethanol;

cannabis (marijuana, tetrahydrocannabinol, hashish); inhalants (nitrous oxide, amyl

nitrite, butyl nitrite, chlorohydrocarbons, hydrocarbons); cocaine (crack cocaine);

stimulants (amphetamines, methamphetamines, Ritalin, Cylert, Preludin, Didrex,

PreState, Voranil, Sandrex, Plegine); depressants (barbituates, methaqualone,

tranquilizers such as Valium, Librium, Miltown, Serax, Equanil, Tranxene);

hallucinogens (phencyclidine, lysergic acid, mescaline, peyote, psilocybin); narcotics

(heroin, codeine, morphine, opium, meperidine, Percocet, Percodan, Tussionex, Fentanyl,

Darvon, Talwin, Lomotil); designer drugs (analogs of fentanyl, meperidine,

amphetamines, methamphetamines, and phencyclidine, for example, Ecstasy); anabolic

steroids; and nicotine. The metabolic products of drugs and pharmaceutical

compositions are also contemplated analytes. Analytes such as neurochemicals and other

chemicals generated within the body can also be analyzed, such as, for example, ascorbic

acid, uric acid, dopamine, noradrenaline, 3-methoxytyramine (3MT), 3,4-

Dihydroxyphenylacetic acid (DOPAC), Homovanillic acid (HVA), 5-Hydroxytryptamine

(5HT), and 5-Hydroxyindoleacetic acid (FHIAA).



[0024] The term "continuous analyte sensor," as used herein, is a broad term

and is used in its ordinary sense, including, but not limited to, a device that continuously

or continually measures a concentration of an analyte, for example, at time intervals

ranging from fractions of a second up to, for example, 1, 2, or 5 minutes, or longer. In

one exemplary embodiment, the continuous analyte sensor is a glucose sensor such as

described in U.S. Patent 6,001,067, which is incorporated herein by reference in its

entirety.

[0025] The term "continuous analyte sensing," as used herein, is a broad term

and is used in its ordinary sense, including, but not limited to, monitoring of an analyte

continuously, for example, at time intervals ranging from fractions of a second up to, for

example, 1, 2, or 5 minutes, or longer.

[0026] The term "host" as used herein is a broad term and is to be given its

ordinary and customary meaning to a person of ordinary skill in the art (and is not to be

limited to a special or customized meaning), and furthermore refers without limitation to

mammal, such as a human implanted with a device.

[0027] The term "sensor data", as used herein is a broad term and is to be

given its ordinary and customary meaning to a person of ordinary skill in the art (and are

not to be limited to a special or customized meaning), and furthermore refers without

limitation to any data associated with a sensor, such as a continuous analyte sensor.

Sensor data includes a raw data stream, or simply data stream, of analog or digital signal

directly related to a measured analyte from an analyte sensor (or other signal received

from another sensor), as well as calibrated and/or filtered raw data. In one example, the

sensor data comprises digital data in "counts" converted by an A/D converter from an

analog signal (e.g., voltage or amps) and includes one or more data points representative

of a glucose concentration. Thus, the terms "sensor data point" and "data point" refer

generally to a digital representation of sensor data at a particular time. The term broadly

encompasses a plurality of time spaced data points from a sensor, such as a from a

substantially continuous glucose sensor, which comprises individual measurements taken

at time intervals ranging from fractions of a second up to, e.g., 1, 2, or 5 minutes or

longer. In another example, the sensor data includes an integrated digital value

representative of one or more data points averaged over a time period. Sensor data may

include calibrated data, smoothed data, filtered data, transformed data, and/or any other

data associated with a sensor.



[0028] The term "transformed sensor data" as used herein is a broad term, and

is to be given its ordinary and customary meaning to a person of ordinary skill in the art

(and is not to be limited to a special or customized meaning), and furthermore refers

without limitation to any data that is derived, either fully or in part, from raw sensor data

from one or more sensors. For example, raw sensor data over a time period (e.g., 5

minutes) may be processed in order to generated transformed sensor data including one or

more trend indicators (e.g., a 5 minute trend). Other examples of transformed data

include filtered sensor data (e.g., one or more filtered analyte concentration values),

calibrated sensor data (e.g., one or more calibrated analyte concentration values), rate of

change information, trend information, rate of acceleration information, sensor diagnostic

information, location information, alarm/alert information, calibration information, and/or

the like.

[0029] The term "calibration" as used herein is a broad term and is to be given

its ordinary and customary meaning to a person of ordinary skill in the art (and is not to be

limited to a special or customized meaning), and furthermore refers without limitation to a

process of determining a relationship between sensor data and corresponding reference

data, which can be used to convert sensor data into calibrated data (defined below). In

some embodiments, such as continuous analyte sensors, for example, calibration can be

updated or recalibrated over time as changes in the relationship between the sensor data

and reference data occur, for example, due to changes in sensitivity, baseline, transport,

metabolism, and the like.

[0030] The terms "calibrated data" and "calibrated data stream" as used herein

are broad terms and are to be given their ordinary and customary meaning to a person of

ordinary skill in the art (and are not to be limited to a special or customized meaning), and

furthermore refer without limitation to data that has been transformed from its raw state to

another state using a function, for example a conversion function, to provide a meaningful

value to a user.

[0031] The terms "smoothed data" and "filtered data" as used herein are broad

terms and are to be given their ordinary and customary meaning to a person of ordinary

skill in the art (and are not to be limited to a special or customized meaning), and

furthermore refer without limitation to data that has been modified to make it smoother

and more continuous and/or to remove or diminish outlying points, for example, by

performing a moving average of the raw data stream. Examples of data filters include



FIR (finite impulse response), IIR (infinite impulse response), moving average filters, and

the like.

[0032] The terms "smoothing" and "filtering" as used herein are broad terms

and are to be given their ordinary and customary meaning to a person of ordinary skill in

the art (and are not to be limited to a special or customized meaning), and furthermore

refer without limitation to a mathematical computation that attenuates or normalizes

components of a signal, such as reducing noise errors in a raw data stream. In some

embodiments, smoothing refers to modification of a data stream to make it smoother and

more continuous or to remove or diminish outlying data points, for example, by

performing a moving average of the raw data stream.

[0033] The term "time period," as used herein, is a broad term and is used in

its ordinary sense, including, but not limited to, an amount of time including a single point

in time and a path (for example, range of time) that extends from a first point in time to a

second point in time.

[0034] The term "measured analyte values," as used herein, is a broad term

and is used in its ordinary sense, including, but not limited to, an analyte value or set of

analyte values for a time period for which analyte data has been measured by an analyte

sensor. The term is broad enough to include data from the analyte sensor before or after

data processing in the sensor and/or receiver (for example, data smoothing, calibration, or

the like).

[0035] The term "estimated analyte values," as used herein, is a broad term

and is used in its ordinary sense, including, but not limited to, an analyte value or set of

analyte values, which have been algorithmically extrapolated from measured analyte

values. Typically, estimated analyte values are estimated for a time period during which

no data exists. However, estimated analyte values can also be estimated during a time

period for which measured data exists, but is to be replaced by algorithmically

extrapolated data due to a time lag in the measured data, for example.

[0036] The term "alarm," as used herein, is a broad term and is used in its

ordinary sense, including, but not limited to, audible, visual, or tactile signals that are

triggered in response to detection of clinical risk to a patient. In one embodiment,

hyperglycemic and hypoglycemic alarms are triggered when present or future clinical

danger is assessed based on continuous analyte data.



[0037] The terms "target analyte values" and "analyte value goal," as used

herein, are broad terms and are used in their ordinary sense, including, but not limited to,

an analyte value or set of analyte values that are clinically acceptable. In one example, a

target analyte value is visually or audibly presented to a patient in order to aid in guiding

the patient in understanding how they should avoid a clinically risky analyte

concentration.

[0038] The terms "therapy" and "therapy recommendations," as used herein,

are broad terms and are used in their ordinary sense, including, but not limited to, the

treatment of disease or disorder by any method. In one exemplary embodiment, a patient

is prompted with therapy recommendations such as "inject insulin" or "consume

carbohydrates" in order to avoid a clinically risky glucose concentration.

[0039] The term "computer," as used herein, is broad term and is used in its

ordinary sense, including, but not limited to, machine that can be programmed to

manipulate data.

[0040] The term "modem," as used herein, is a broad term and is used in its

ordinary sense, including, but not limited to, an electronic device for converting between

serial data from a computer and an audio signal suitable for transmission over a

telecommunications connection to another modem.

[0041] The term "insulin pen," as used herein, is a broad term and is used in

its ordinary sense, including, but not limited to, an insulin injection device generally the

size of a pen that includes a needle and holds a vial of insulin. It can be used instead of

syringes for giving insulin injections.

[0042] The term "insulin pump," as used herein, is a broad term and is used in

its ordinary sense, including, but not limited to, a device that delivers a continuous supply

of insulin into the body. The insulin flows from the pump through a plastic tube (called a

catheter) that is connected to a needle inserted into the skin and taped in place, for

example.

Overview

[0043] Certain embodiments provide a continuous analyte sensor that

measures a concentration of analyte within a host and provides a data stream

representative of the concentration of the analyte in the host, and a receiver that processes

the data stream received from the analyte sensor for output as part of a user interface that



is displayed on a display of the receiver, for example. In some embodiments, the analyte

sensor is integral with the receiver, while in other embodiments, the analyte sensor is

operatively linked to the receiver, for example, via a wired link or a wireless link.

[0044] Sensor data associated with a host may be displayed in a variety of

manners that are interesting to the user, and are configured to motivate the user to interact

with the receiver, for example, pediatric users. For example, the data may be depicted

with graphical indicia so as to form a scene unrelated to glucose measurement. In some

embodiments, the scene may form a real-life picture or an animation of an event. In some

embodiments, the data may be depicted with an interactive animation, video game or

cartoon. For example, the data may be depicted as a series of frames associated with a

game or a cartoon that changes in accordance with changes in sensor data. The graphics

displayed on the frames may include rewards based on actions taken by the user or based

on sensor data. The data displayed may be used as a tutorial for educational interaction

between the sensor system and the host. In some embodiments, data may be displayed

with an avatar, an icon, or other character that is recognizable to the host. In some

embodiments, therapy recommendations can be provided that are useful in guiding the

host away from clinical risk. Interesting and/or intuitive display methods can help users

to be more involved and aware of their glucose levels. This increased awareness provides

the user with better recognition of current glucose trends and therefore better ability to

react to and to control glucose excursions.

[0045] In some embodiments, the receiver casts diabetes management as a

game in which users can earn and lose points according to their glycemic control over a

length of time. The game may be played with instructions, such as "avoid glucose

excursions outside target range for high score." Points may be earned for each sensor data

point indicating a glucose level that falls within the target range. In some embodiments,

points may be lost for each sensor data point indicating a glucose level above or below the

target range. Scores may be tallied for a fixed period of time, such as 24 hours, 1 week, 1

month, 3 months or more, and compared from period to period. In some embodiments,

the number of excursions that occur after a game begins may limit the duration of the

game. For example, the user may be allowed 3 excursions before the game is over, at

which time the final score is tallied. With improved scores, the target ranges may be

tightened to encouraged further improvement. In some embodiments, game scores may



be related to clinical measures of glycemic control, such as HbAIc, and provide users and

their caregivers continuous assessment of their diabetes management.

[0046] In some embodiments, a receiver generates user interfaces that are

based on and/or include real-time sensor data, such as measured analyte values,

transformed sensor data, estimated analyte values, possible variations of estimated analyte

values, targets or goals for analyte values, single-point values and/or the like.

Additionally or alternatively, user interfaces and/or data that is useable to generate user

interfaces, can be sent to a device external from the receiver, for example, a mobile

computing device of a caretaker of the host, a computer, an electronic medical records

system, a modem, or medical device. In some embodiments, input from the user or from

another device, such as insulin injections (time and amount), meal times, exercise,

personalized therapy recommendations, or the like, can be input into the receiver and

processed to provide more customized data analysis and/or data output.

[0047] Accordingly, the systems and methods described herein display sensor

data in such a way as to entice interaction between the user and the sensor system. This

may increase the likelihood that the host will recognize that they are in a state, e.g.,

hypoglycemia or hyperglycemia, for which some action should be taken for their benefit.

Continuous Sensor

[0048] In some embodiments, a glucose sensor comprises an analyte sensor

that measures a concentration of analyte of interest or a substance indicative of the

concentration or presence of the analyte. A glucose sensor may use any known method,

including invasive, minimally invasive, and non-invasive sensing techniques, to provide

an output signal indicative of the concentration of the analyte of interest. In some

embodiments, a glucose sensor comprises a continuous analyte sensor, for example a

subcutaneous, transdermal, or intravascular device. In some embodiments, a glucose

sensor can take a plurality of intermittent measurements. An analyte sensor can use any

method of analyte-measurement, including enzymatic, chemical, physical,

electrochemical, spectrophotometric, polarimetric, calorimetric, radiometric, or the like.

Generally, an analyte sensor can be any sensor capable of determining the level of any

analyte in the body, for example glucose, oxygen, lactase, hormones, cholesterol,

medicaments, viruses, or the like. It should be understood that the devices and methods

described herein can be applied to any device capable of continually or continuously



detecting a concentration of analyte and providing an output signal that represents the

concentration of that analyte.

[0049] In one embodiment, an analyte sensor is an implantable glucose sensor,

such as described with reference to U.S. Patent 6,001,067 and co-pending U.S. Patent

Publication 2005/0027463 which are incorporated herein by reference in their entirety. In

another embodiment, an analyte sensor is a transcutaneous glucose sensor, such as

described with reference to U.S. Provisional Patent Application 60/587,787 and

60/614,683. In one alternative embodiment, the continuous glucose sensor comprises a

transcutaneous sensor such as described in U.S. Patent 6,565,509 to Say et al., for

example. In another alternative embodiment, a continuous glucose sensor comprises a

subcutaneous sensor such as described with reference to U.S. Patent 6,579,690 to

Bonnecaze et al. or U.S. Patent 6,484,046 to Say et al., for example. In another

alternative embodiment, the continuous glucose sensor comprises a refillable

subcutaneous sensor such as described with reference to U.S. Patent 6,512,939 to Colvin

et al., for example. In another alternative embodiment, a continuous glucose sensor

comprises an intravascular sensor such as described with reference to U.S. Patent

6,477,395 to Schulman et al., for example. In another alternative embodiment, the

continuous glucose sensor comprises an intravascular sensor such as described with

reference to U.S. Patent 6,424,847 to Mastrototaro et al. All of the above patents are

incorporated by reference herein in their entirety. Other signal processing techniques and

glucose monitoring system embodiments suitable for use with the inventions described

herein are also described in U.S. Patent Publications 2005/0203360 and 2009/0192745,

both of which are incorporated herein by reference in their entireties.

[0050] Fig. 1 is a block diagram that illustrates a receiver 12 in

communication with a sensor 10 and an external device 34. In general, the continuous

analyte sensor 10 is any sensor configuration that provides an output signal indicative of a

concentration of an analyte. The output signal (e.g., sensor data, such as a raw data

stream, filtered data, smoothed data, and/or otherwise transformed sensor data) is sent to

the receiver 12 and received by an input module 14, which is described in more detail

below. The output signal may include a raw data stream that is used to provide a useful

value of the measured analyte concentration to a patient or doctor, for example. In some

embodiments, the sensor data from the sensor 10 can be continuously or periodically

algorithmically smoothed, calibrated, or otherwise modified to diminish outlying points



that do not accurately represent the analyte concentration, for example due to signal noise

or other signal artifacts, such as described in co-pending U.S. Patent 6,931,327, which is

incorporated herein by reference in its entirety.

Receiver

[0051] Referring again to Fig. 1, the receiver 12, which is operatively linked to

the sensor 10, receives a data stream from the sensor 10 via the input module 14. In one

embodiment, the input module 14 includes a quartz crystal operably connected to an RF

transceiver (not shown) that together function to receive and synchronize data streams

from the sensor 10. However, the input module 14 can be configured in any manner that

is capable of receiving data from the sensor. Once received, the input module 14 sends

the data stream to a processor 16 that processes the data stream, such as described in more

detail below.

[0052] The processor 16 is the central control unit that performs the

processing, such as storing data, analyzing data streams, calibrating analyte sensor data,

estimating analyte values, comparing estimated analyte values with time corresponding

measured analyte values, analyzing a variation of estimated analyte values, downloading

data, and controlling the user interface by providing analyte values, prompts, messages,

warnings, alarms, or the like. The processor includes hardware that performs the

processing described herein, for example read-only memory (ROM) provides permanent

or semi-permanent storage of data, storing data such as sensor ID, receiver ID, and

programming to process data streams (for example, programming for performing

estimation and other algorithms described elsewhere herein) and random access memory

(RAM) stores the system's cache memory and is helpful in data processing.

[0053] An output module 18, which may be integral with and/or operatively

connected with the processor 16, includes programming for generating output based on

the sensor data received from the sensor 10 and its processing incurred in the processor

16. In some embodiments, output is generated via one or more input/output devices 20.

[0054] The input/output devices 20 of this embodiment comprise a keyboard

22, speaker 24, vibrator 26, backlight 28, display device 30, and one or more buttons 32.

The components that comprise the input/output devices 20 include controls to allow

interaction of the user with the receiver. The keyboard 22 can allow, for example, input

of user information about himself/herself, such as mealtime, insulin and carbohydrate



ratios, exercise, insulin administration, customized therapy recommendations, and

reference analyte values. The speaker 24 can produce, for example, audible signals or

alerts for conditions such as present and/or estimated hyper- and hypoglycemic conditions

in a person with diabetes. The vibrator 26 can provide, for example, tactile signals or

alerts for reasons such as described with reference to the speaker, above. In some

embodiments, the display device 30 is a touch-sensitive screen. The buttons 32 can

provide for toggle, menu selection, option selection, mode selection, and reset, for

example. In some alternative embodiments, a microphone can be provided to allow for

voice-activated control.

[0055] In some embodiments, analyte values are displayed on the display

device 30. In some embodiments, prompts or messages can be displayed on the display

device 30 to convey information to the user, such as reference outlier values, requests for

reference analyte values, therapy recommendations, deviation of the measured analyte

values from the estimated analyte values, or the like. Additionally, prompts can be

displayed to guide the user through calibration or trouble-shooting of the calibration.

[0056] Additionally, data output from the output module 18 can provide wired

or wireless, one- or two-way communication between the receiver 12 and an external

device 34. The external device 34 can be any device that interfaces or communicates with

the receiver 12. In some embodiments, the external device 34 is a computer, and the

receiver 12 is able to download historical data for retrospective analysis by the physician,

for example. In some embodiments, the external device 34 is a modem, and the receiver

12 is able to send alerts, warnings, emergency messages, or the like, via

telecommunication lines to another party, such as a doctor or family member. In some

embodiments, the external device 34 is an insulin pen, and the receiver 12 is able to

communicate therapy recommendations, such as insulin amount and time to the insulin

pen. In some embodiments, the external device 34 is an insulin pump, and the receiver 12

is able to communicate therapy recommendations, such as insulin amount and time to the

insulin pump. The external device 34 can include other technology or medical devices,

for example pacemakers, implanted analyte sensor patches, other infusion devices,

telemetry devices, or the like. The receiver 12 may communicate with the external device

34, and/or any number of additional external devices, via any suitable communication

protocol, including radio frequency, Bluetooth, universal serial bus, any of the wireless

local area network (WLAN) communication standards, including the IEEE 802.11,



802.15, 802.20, 802.22 and other 802 communication protocols, ZigBee, wireless (e.g.,

cellular) telecommunication, paging network communication, magnetic induction,

satellite data communication, GPRS, ANT, and/or a proprietary communication protocol.

[0057] The input/output devices 20 including keyboard 22, buttons 32, a

microphone (not shown), as well as the external device 34, can be configured to allow

input of data. Data input can be helpful in obtaining information about the patient (for

example, meal time, exercise, or the like), receiving instructions from a physician (for

example, customized therapy recommendations, targets, or the like), and downloading

software updates, for example. Keyboard, buttons, touch-screen, and microphone are all

examples of mechanisms by which a user can input data directly into the receiver. A

server, personal computer, personal digital assistant, insulin pump, and insulin pen are

examples of external devices that can provide useful information to the receiver. Other

devices internal or external to the sensor that measure other aspects of a patient's body

(for example, temperature sensor, accelerometer, heart rate monitor, oxygen monitor, or

the like) can be used to provide input helpful in data processing. In one embodiment, the

user interface can prompt the patient to select an activity most closely related to their

present activity, which can be helpful in linking to an individual's physiological patterns,

or other data processing. In another embodiment, a temperature sensor and/or heart rate

monitor can provide information helpful in linking activity, metabolism, and glucose

excursions of an individual.

[0058] In a further embodiment, input/output devices can be used to generate

data for tracking physical exercise performed by the host. In this regard, a global

positioning device (GPS) and/or accelerometer can be incorporated internally with or

communicatively coupled externally to receiving unit 12 to provide positional and/or

movement data of a host. Other sensors, such as a heart monitor, can also be used either

alone or in combination with the GPS and accelerometer, to provide exercise-related data

for tracking exercise performed by the host. In doing so, types of rewards and reward

values can be tracked and awarded based partly or wholly on exercise performed by the

host, as discussed in more detail later in this disclosure.

[0059] While a few examples of data input have been provided here, a variety

of information can be input, which can be helpful in data processing as will be understood

by one skilled in the art.



Customized User Interfaces Depicting Sensor Data

[0060] A data stream received from a continuous analyte sensor can provide

an analyte value and/or other sensor data, and display the same to the host, which can be

used to warn the host (or other interested party, such as a caretaker of the host or doctor)

of existing clinical risk. A data stream received from an analyte sensor can provide

historical trend analyte values, which can be used to educate a patient, caretaker, and/or

doctor of individual historical trends of the patient's analyte concentration.

[0061] Sensor data may be displayed in such a way as to be more interesting to

the user than a line graph, for example. In one embodiment, for example, sensor data may

be depicted as a series of frames of a game, an animation, or a cartoon. The display may

include rewards based on actions taken by the user or based on measurement data. The

data displayed may be used as a tutorial for educational interaction between the sensor

system and the user. In some embodiments, data may be displayed and/or otherwise

conveyed (e.g., spoken instruction may be emitted from the speaker 24 of the receiver 12)

by an avatar, an icon or a character depicted on the display device 30.

[0062] In some embodiments, receivers, such as receiver 12 of Fig. 1 have

multiple games which can be selected by the user. In some embodiments, the game is

selected randomly or pseudorandomly. Each game may have graphics which are used by

the receiver 12 to display the frames of the game, where each frame comprises a depiction

of graphical and/or textual data on a display device. The graphics associated with each

game may be game-specific or may be applied to multiple games. The graphics may be

used to represent one or more aspects of sensor data received from a sensor, such as

sensor 10 of Fig. 1, and to represent game context information for the sensor data.

[0063] Fig. 2 is a flowchart illustrating one embodiment of a method 54 of

displaying sensor data as a game or a cartoon. The process is used by, for example, a

receiver, such as receiver 12 of Fig. 1 to display a user interface that incorporates and/or is

based on sensor data received. The process 54 includes receiving current sensor data

from the sensor, which is the data point or data set most recently received, adding the

received current sensor data to previously received data, determining a next frame to

display based on the current sensor data and/or the previously received sensor data, and

displaying the frame. In some embodiments, the receiver 12 generates graphical data

indicative of a sequence of historical sensor data, as well as current sensor data, in a

currently displayed frame. Depending on the embodiment, the method of Figure 3 may



include fewer or additional blocks and the blocks may be performed in a different order

than is illustrated.

[0064] At block 56, current sensor data is received from the sensor 10. At

block 58, the current sensor data is added to a memory containing sensor data received

previously. The current sensor data and the previously received sensor data collectively

form stored sensor data, which is used at block 60 to determine a next frame of the game.

The sensor data may, for example, represent a glucose level, or a range of levels. In some

embodiments, the sensor data is displayed with a resolution corresponding to the

uncertainty of the measurement.

[0065] Each frame may be determined based on one or more selected sets of

sensor data of the stored sensor data. The selection of a data set for determining a next

frame may be based on a certain time frame. For example, the most recent sensor data

may be selected. For example, the sensor data taken in the most recent 1 hour, 3 hours, 6

hours, day, week, month, or year may be selected. Sensor data in other most recent times

may also be used. In some embodiments, sensor data received since a reference time may

be selected. The reference time may include such times as when waking up, going to

sleep, eating a meal, exercising, or taking insulin. Other reference times may be used. In

some embodiments, sensor data received during specified time periods may be selected.

For example, sensor data received between lpm and 5pm on one or more days may be

selected. Other time periods may be used.

[0066] In one embodiment, a host's glucose response associated with a

consistent event, such as lunch, is analyzed such that a carbohydrate (referred to also as a

"carb") estimate and insulin amount given, for example, are analyzed to determine a

"typical" lunch size. For example, the insulin delivery information may be more accurate,

with the time to action being the key variable such that reasonable estimates for that might

estimate not only the typical, approximate meal size, but also the diversity of the meal (all

carbs, high fat, etc.) based on the response, thereby allowing more customization for bolus

calculation in the future based on "typical" meals. In one embodiment, hosts estimate a

meal size (small, medium or large, for example) and/or meal makeup (high fat, high carb,

low carb, balanced carb/fat/protein, etc.), and the sensor electronics may determine insulin

delivery based on "learned" knowledge of the particular patients behavior and "typical"

meal size and response.



[0067] In some embodiments, the selection of sensor data for a data set is

based on the content of the sensor data, such as characteristics of transformed sensor data.

For example, in some embodiments, sensor data taken over a specified time having

glucose levels within a specified measurement range are selected and/or sensor data

between upper and lower thresholds are selected. In some embodiments, sensor data

greater than or less than a certain threshold are selected. The thresholds may, for

example, correspond to blood glucose target range boundaries.

[0068] In some embodiments, the selected sensor data for a data set is selected

based on processed data. For example, in some embodiments, raw sensor data is

processed to determine rates of change in blood glucose levels for each time point for

which sensor data is acquired, and data for the data set are selected for times when the rate

of change in the sensor data meets certain criteria. For example, sensor data taken when

the rate of change in the blood glucose levels is greater than a certain limit, less than a

certain limit, or within a certain range may be selected. As another example, average

glucose values for days of the past month during which the rate of change in data does not

exceed a threshold may be selected for a data set. In some embodiments, the average

values for days of the past month during which the rate of change in data does exceed a

threshold may be also be selected as a second data set.

[0069] The selected one or more data sets are used in conjunction with

graphics associated with the current game to determine the next frame of the game. For

example, a selected data set may be represented with a series of frames, where each frame

of the series depicts one or more data points, e.g. blood glucose levels, of the selected data

set. In some embodiments, the most recent data point is represented with a first graphic

and the historical data is represented as multiple second graphics. In addition, game

context graphics may also be determined based on the current game and the previous

frames of the game. In some embodiments, the game context graphics include graphics

which represent target range boundaries. The range boundaries may be defined through

an interface to a database storing the boundary data. The range boundaries may be

defined by a caretaker of a child with diabetes via a computing device in communication

with the child's receiver, for example. Thus, operation of the games may be customized

according to the particular characteristics of the host.

[0070] In some embodiments, the game context graphics include graphics

which represent a qualitative or quantitative assessment of performance. For example, a



score can be shown, or an estimated HbAIc value. Other assessment graphics include a

character having a smiling face or a frowning face, and/or a variation in a color of a

graphic. In some embodiments, game context graphics include a target, which indicates a

desired analyte level or analyte performance characteristic.

[0071] At block 62, graphics illustrative of at least portions of the selected one

or more data sets are displayed in the next frame. In some embodiments, a sequence of

frames is shown to generate an animation or a cartoon. For example, a series of frames,

each depicting a subset of the selected data set may be shown sequentially, such that each

successive frame shows more of the selected data. The series may be displayed in

response to an input from the user.

[0072] Fig. 3A is a drawing illustrating an embodiment of a frame 64

representing sensor data. The frame 64 includes a graphic 66 representing an upper limit

of a target range for the host's glucose level, a graphic 68 representing a lower limit of the

target range for the host's glucose level, a series 70 of graphics representing historical

glucose level measurements, a graphic 72 representing the most recent measurement, and

a graphic 74 representing an assessment of performance. In this embodiment, the

graphics 70 and 72 cooperatively represent a centipede, where the centipede comprises

body segment graphics 70 associated with historical sensor data, and a head graphic 72

associated with the latest sensor data. In this embodiment, the head graphic 72 has a face

which is frowning because the latest glucose level is outside of a desired target range. In

this embodiment, graphic 74 represents an assessment of performance as a numerical

score.

[0073] Fig. 3B is a drawing illustrating an embodiment of a frame 76

representing sensor data. Frame 76 includes a target graphic 78, which indicates a desired

glucose level or range of glucose levels In some embodiments, the target graphic 78 can

change positions from frame to frame in order to entice better analyte control from the

user.

[0074] Fig. 3C is a drawing illustrating an embodiment of a frame 80

representing sensor data. The frame 80 includes a graphic 82 representing a higher than

target range for the host's glucose level, a graphic 84 representing a lower than target

range for the host's glucose level, a series 86 of graphics representing historical glucose

levels, a graphic 88 representing the latest glucose level, and a graphic 90 representing a



target glucose level. Depending on the embodiment, the frames of a game (e.g., Figs. 2

and 3) may be updated in response to each newly received sensor data point or set, after a

predetermined quantity of sensor data points or sets are received (e.g., a new frame is

provided after five sensor data points or sets are received by the receiver), and/or in

response to receiving sensor data matching a predefined criteria (e.g., a glucose level that

is approaching a hypoglycemic level). In the embodiment of Fig. 3C, the graphic 90 is at

the high end of the target range so as to entice the user to generate higher glucose levels.

[0075] Fig. 3D is a drawing representing another exemplary frame illustrating

graphics representative of historical and current sensor data. In this embodiment a vehicle

graphic 91 represents the latest sensor data and a plurality of a track graphics 93 represent

historical sensor data. The graphics 95 and 97 represent the boundaries of the desired

target range, such as the sides of a road or racetrack, and may be generally vertical. In

other embodiments, the boundaries, e.g., sides of the road, may be generally horizontal.

In the illustrated embodiment, graphics 95 and 97 are non-linear. The non-linear

boundaries can be used to further entice the user to achieve preferred glucose levels. In

other embodiments, the boundaries (e.g., similar to graphics 95 and 97), which illustrates

the sides of a road or racetrack, for example, may be non-linear, but parallel, or the

boundaries may be linear. Depending of the embodiment, the boundaries may be user-

settable and may be representative of a target glucose levels or ranges and/or may be

representative of an alarm level (e.g. alert setting for hypo- or hyper-glycemia actual,

predicted, or near).

[0076] Figs. 3E-3H are drawings representing other exemplary frames

illustrating graphics representative of historical and current sensor data. In these

embodiments the graphics 92 associated with historical sensor data trace paths of

respective objects 94 moving toward respective targets 96. In some embodiments, once

the object hits the target, such as by having the latest sensor data within a desired range,

an animation is displayed. For example, in the embodiment of Fig. 3E, an animation

showing a bowling ball knocking down the pins may be displayed. In the embodiment of

Fig. 3F the hitter may be shown hitting a home run. In the embodiment of Fig. 3G, the

dog may be shown eating the treat. In the embodiment of Fig. 3H, the frog may be shown

eating the fly. Depending on the embodiment, the games may be configured so that the

targets 96 are reached at predetermined times of the day, such as just before lunch, dinner,

and/or bedtime.



[0077] In addition, various embodiments can be configured to give different

types of awards depending upon whether the historical and current data stay within one or

more predefined ranges (e.g., 1, 2, 3, 4 or more different ranges). Each award can

correspond to a different award value or range of values, so that a higher award can be

given if a host achieves a higher award value and a lower award can be given if the host

achieves a lower award value. For example, if the historical and current data stay within a

first, narrow range for a predetermined amount of time, then a higher award is given than

if the historical and current data exceeds the first, narrow range during one or more time

periods, but never exceeds a second, broader range during the predetermined amount of

time. To illustrate, this process can be used in an environment of a virtual baseball game

provided on receiver 12. In this regard, should the historical and current data stay within

a first range for a predetermined amount of time, then the highest award, such as a home

run, is awarded; if the historical and current data exceed the first range, but does not

exceed a second range for the predetermined amount of time, then the second highest

award, such as a triple base hit, is awarded; if the historical and current data exceed the

first and second ranges, but does not exceed a third range for the predetermined amount of

time, then the third highest award, such as a double base hit, is awarded; if the historical

and current data exceed the first, second and third ranges, but does not exceed a fourth

range for the predetermined amount of time, then a fourth highest reward, such as a single

base hit, is awarded; and if the historical and current data exceed the first, second, third

and fourth ranges at one or more points in time during the predetermined amount of time,

then the lowest reward, such as a strike, out, end of game or the like, will be given. The

process can then repeat with a new predetermined amount of time and a score of the

baseball game can be tallied based on the results. In this manner, a virtual baseball game

can be played based on a host's glucose sensor data.

[0078] Moreover, in place of or in addition to the various ranges discussed

above, a type of reward given (e.g., homerun, base hit or out) can be based wholly or

partly on other criteria. For example, the type of reward given can depend on a duration

and/or amplitude of the historical and current data exceeding one or more ranges before

the historical and current data fall back within the range during the predetermined amount

of time. To illustrate, a homerun can be awarded if the historical and current data never

fall outside of a range during the predetermined time period, and a triple base hit can be

awarded if the historical and current data fall outside of the range for less than a threshold



duration and/or the amplitude of the sensor data exceeds the range by less than a threshold

amplitude. Second and single base hits can similarly be awarded based on other

thresholds not being exceeded. An "out" or "end of game" can be given if one or more

(including all) thresholds are exceeded. In the event both the amplitude and duration

thresholds are taken into account for awarding a type of award, various weighting

measures can be applied to the amplitude and duration threshold exceeded for

determining the type of reward given.

[0079] Figs. 4A-4G are a series of drawings representing other exemplary

frames illustrating an animation representative of historical and current sensor data. In the

series of Figures, a number of flames 98 are shown, where each of the first three frames

(Figs. 4A-4C) illustrate a successively greater number of flames 98. Each flame 98

represents a good glucose level, for example, a day in the past 30 days when the glucose

level stayed within a target range, or an amount of time of the current day when the rate of

change in the glucose level was less than a threshold. If a sufficient number of flames 98

are generated, an animation follows, which shows a fuse being lit, and fireworks

exploding (e.g., Figs. 4D-4G).

[0080] Fig. 5 shows another exemplary frame illustrating graphics

representative of historical and current sensor data. In this embodiment, the graphics are

associated with at least two types of sensor data, such as data sets associated with a

percentage of time within a target glucose range and percentage of time outside of the

target glucose range. In this embodiment, two cars 100 and 102 are on a race track. Each

car represents one of the data sets. Some aspect of each cars performance corresponds to

the data of the associated data set. For example, the speed or the distance traveled for car

100 may represent a first data set - the percentage of time in target range, and the speed or

distance traveled for car 102 may represent a second data set - percentage of time out of

target range. Thus, the animation of Fig. 5 illustrates a graphical comparison of the two

data sets. In some embodiments, the two data sets may be corresponding data (e.g., data

from the same host) taken during two different time periods (e.g., the first data set may

represent sensor data from a current week and the second data set may represent sensor

data from a previous weeks). Accordingly, the animation may illustrate a graphical

comparison of, for example, glucose control performance this week compared to last

week.



[0081] Fig. 6 is a flowchart illustrating an embodiment of a method of

displaying sensor data as a game where rewards are given. The process is used by, for

example, a receiver, such as receiver 12 of Fig. 1. The process includes retrieving sensor

data 104, determining whether the retrieved data meets a reward criteria 106, and

displaying (or otherwise providing) a reward indication 108. In some embodiments, the

process illustrated in Fig. 6 is initiated by a command generated in response to a request

by a user. In some embodiments, the process is initiated by any interaction with the

receiver which contributes toward meeting the reward criteria. In some embodiments, any

interaction with the receiver contributes toward meeting the reward criteria.

[0082] The sensor data retrieved at block 104 includes at least one of current

data and historical data. For example, the retrieved data may include the sensor data for

the past 24 hours, or may include the sensor data for measurements taken between 12pm

and 6pm. In some embodiments, the retrieved data may include transformed sensor data,

such as calibrated and/or filtered blood glucose levels and/or one or more trend or rate of

change indicators, for example.

[0083] The reward criteria to which the retrieved data is compared at block

106 may be dependent on the type of data retrieved. For example, if the retrieved data

comprises sensor data for the past 24 hours, the reward criteria may be based on a

minimum percentage of time for which the sensor data is within a target range. For

example, the reward criteria may be set to 75%, and the retrieved data may indicate that

the sensor data was within the target range 85% of the past 24 hours. In some

embodiments, the reward criteria may be based on improvements in the sensor data.

Accordingly, a comparison of the criteria with the retrieved data determines that the

criteria for a reward has been met. If the reward criteria is not met, in some embodiments,

the receiver displays an indication that the criteria is not met.

[0084] In one embodiment, points are awarded in response to certain actions

by the host, such as receiving sensor data including a glucose level that is within an

acceptable range. Thus, if sensor data is received every 5 minutes, for example, the host

may receive more points every 5 minutes. The points may be incremented until they

reach a reward threshold and then the receiver may initiate communication of a reward to

the host and/or caretaker, for example. The reward threshold may be an incremental point

level, e.g., every 5,000 points, and/or may be associated with reaching a high score (e.g.,

higher than previously reached by the host, possibly within a certain time period).



[0085] If the reward criteria is met, at block 108 the receiver displays an

indication of a reward. The indication may include a series of frames forming an

animation. In some embodiments, the indication includes a single frame. In some

embodiments, the display depicts the retrieved data, the criteria, and the reward indication

simultaneously. Other rewards include having the opportunity to select a new "skin" for

the receiver (e.g., colors, icon designs, etc.), unlocking levels of a game, unlocking an

avatar, receiving credits towards purchase of a product. In some embodiments, the reward

indicator is transmitted to a caretaker indicating that the user has met the reward criteria.

The reward indication may be transmitted, for example, to a mobile device of the

caretaker via email or sms. In some embodiments, the reward indication is randomly or

pseudorandomly selected from a plurality of stored reward indications.

[0086] In some embodiments, analysis information for the retrieved data, such

as the target range, and the reward criteria, such as the 75% time within range, are entered

by the user. In some embodiments, access to the entry of the analysis information and the

reward criteria is limited by a security device, such as a password. For example, a parent

may enter a password to gain access to a data entry mode by which the parent enters

reward criteria, e.g., 75% within a target range over a 24 hour period.

[0087] Figures 7A and 7B illustrate embodiments including systems and

methods for providing rewards to a user to encourage interactions associated with a

continuous glucose monitoring system. Some studies of pediatric diabetes have shown

that as the child increases interactions with their receiver, hypoglycemic and

hyperglycemic events are decreased. Much of this difference in glucose control may be

due to the fact that users that are interested in being diligent in controlling glucose levels

will interact with the receiver more according to this interest. However, this improvement

in control can also be attained with less naturally diligent users by encouraging

interactions of all kinds with the glucose monitoring system, even when those interactions

are independent of the creation of or value of any sensor data. Encouraging a variety of

different interactions with the system (in some embodiments all or substantially all

interactions) will indirectly promote familiarity with the system operation, familiarity with

typical user glucose levels, and familiarity with the effects user behavior has on their

glucose levels. All these things will help the user control glucose levels better. Thus, by

providing rewards to a child or other user with diabetes in response to many different

types of interactions with their receiver or other portions of the monitoring system (e.g.



pressing various buttons, changing display outputs, setting alarms, etc.), the frequency of

hypoglycemic and/or hyperglycemic events may in turn be decreased.

[0088] In one such exemplary embodiment, the continuous glucose monitoring

system includes a glucose sensor configured to provide real-time continuous glucose

sensor data, a portable device comprising a user interface configured to receive user input

and display the real time glucose sensor data responsive to user-interaction with the

portable device and a processor module configured to tabulate a score based at least in

part on user interactions with the user interface. While the exemplary embodiment may

include a configuration wherein the processor module may be located within the portable

display device, it should be understood that some or all of the processing and electronic

circuitry associated therewith can be located local to the sensor, for example, within a

transmitter body wired to the sensor. Additionally, some or all of the processing and

electronic circuitry associated therewith can be located within hardware or software

operably connected with the monitoring system, for example, through a download cable

or through a wireless connection to a personal computer, mainframe computer, server, or

the like.

[0089] Referring now to Figure 7A, at block 111, the processor module is

configured to retrieve the sensor data, either directly or indirectly through a wired or

wireless connection with the sensor. As described in more detail elsewhere herein, the

data can be transformed using a variety of algorithms to provide useful data to a user.

Examples of useful data include not only real-time analyte values, but can also include

trend information in the form of graphs or directional indicators, statistical data associated

with a period of time, improvement in diabetes management or other metabolic control

associated with an improvement with analyzed data from one time period to another time

period, amount of time within a target range, and/or the like.

[0090] At block 113, a user interaction with the continuous glucose

monitoring system is sensed or detected. In the exemplary embodiment of a portable

display device, wherein the device is configured to receive sensor data from the glucose

sensor, the device is configured to selectively display information associated with the

sensor data and/or the sensor data in response to interactions from the user, which can be

sensed by the device. However, other user interactions with the continuous glucose

monitoring system can be sensed; for example, interactions associated with a remotely

located device, such as a software program or internet site running on a computer system



associated with the continuous glucose monitoring system, and these interactions can be

provided to the portable display device, or any processing circuitry associated with the

continuous glucose monitoring system that tabulates a score or increments a reward, as

described in more detail elsewhere herein.

[0091] In some embodiments, the sensed interaction includes at least one of

pressing a button, touching a screen of the receiver, activating another input device,

selecting sensor data for viewing on the receiver, downloading data, inputting events,

setting parameters, confirming sensor data, and the like. In some embodiments, the score

may be based at least in part on receiving sensor data during a predetermined time period.

In some of these embodiments, the system may sense an interaction with the system that

comprises the attachment or continuous wearing of at least a portion of the glucose

monitoring system for a predetermined amount of time. The attachment or placement of

the receiver on the user may, for example, be detected by continuous or periodic reception

of sensor data from an implanted sensor without significant interruption or periods of

failed data reception. For example, wherein the monitoring system is configured for a

particular sensor session time period (e.g., 3, 5, 7, 10 days, or the like), score or reward

counters may be incremented based at least in part on a completion of a sensor session

(e.g., 3-, 5-, 7- or 10-day sensor session), a plurality of sensor sessions (e.g., 1, 2, 3, 4, 5,

6, 7, or more sensor sessions), predetermined number of substantially consecutive sensor

sessions, a predetermined time period (e.g., 1-, 3-, 5-, 7-, 10, 14-, 21-, 30-day, or more), or

the like.

[0092] In some embodiments, the sensed interaction is any action that causes

current sensor data to be displayed. For example, pressing a button, touching a screen,

adjusting an alarm for increased sensitivity (e.g., more sensitive alarm thresholds). In

some embodiments, the sensed interaction causes historical sensor data to be displayed,

for example display of the 1, 3,6, 9, 12, 24 hour trend screen(s) or the like. In some

embodiments, the sensed interaction initiates or changes a display on the receiver. For

example, pressing a button or touchscreen may awaken the device from a sleep mode and

cause the device to display current sensor data. A button push may change the display

from current data to historical data, or may change the display to one that contains a

projected future glucose concentration. It may be noted here that the score increase or

reward may be given in response to many different interactions regardless of the user's

diligence in measuring glucose levels or success at maintaining them. Providing rewards



based at least in part on such interactions, however, may lead to better success at glucose

control in the future.

[0093] At block 115, the processor module is configured to tabulate a score,

also referred to as incrementing a reward counter, associated with one or more user

interactions, such as the user interactions described herein. In some embodiments, the

processor module is configured to detect substantially all sensed interactions, where

substantially all sensed interactions are input into the score tabulation or reward counter.

In some embodiments, the processor module is configured to detect one or a plurality of

predefined interactions, whereby the score or reward counter can be incremented. In

some embodiments, the sensed interactions used to increment the score or reward counter

are independent of the creation or value of any sensor data; for example, a user can be

simply rewarded for interacting with the device regardless of any performance associated

with their disease management.

[0094] In some cases, it is advantageous to include time based limitations on

which interactions can cause the score or reward counter to be incremented. Thus, in

some embodiments, the processor module is configured for sensing time periods between

interactions, and incrementing the reward counter in response to a second interaction

when the second interaction is sensed within a predetermined time period from a first

interaction. For example, the score may be incremented only if interactions with the

device are performed with a certain pre-defined frequency or frequency range. Excessive

delay between interactions may result in reduced or no score increment. At the other end

of the spectrum, to avoid having a user just mindlessly press buttons to achieve high

scores, a limit on the amount of reward or score may be set for a given time period, for

example, a user may achieve up to a predetermined number of points for up to a

predetermined number of interactions in a predetermined time period. One of ordinary

skill in the art can appreciate a variety of numerical and time-based limits that may be

applied to encourage a reasonable or optimal interaction frequency.

[0095] As noted above, it is believed to be advantageous to increment

scores/reward counters based on interactions that are not dependent on glucose

measurements themselves. However, this does not mean that providing rewards for direct

success in glucose management is not also worthwhile as part of a reward system. Thus,

in some embodiments, the score may also be based at least in part on one or more sensor

data values falling within a predetermined range. For example, when a predetermined



number or average of a predetermined number of glucose values are within a target

glycemic range over a period of time.

[0096] In some embodiments, the score is based at least in part on sensor data

associated with a predetermined time period meeting one or more criteria. For example,

criteria can include target range of analyte values, average and/or statistical measures of

analyte information over a time period. Average and/or statistical measures can include

area under the curve, MARD, ARD, AIc, and the like. Some additional examples include

measures of, sustained outcomes of increased normoglycemia, decreased area under

curve, decreased hypoglycemic episodes, decreased variability, and the like.

[0097] In some embodiments, the score is based at least in part on a change in

one or more sensor data values within a predetermined time period immediately after an

alarm is triggered. For example, when a hypoglycemic alarm is triggered, a score can be

tabulated based on the amount of time before the user achieves normoglycemia (e.g.,

glucose within a predefined target range). For example, the increment or value of the

score can be based on whether the user achieves normoglycemia within 10, 20, 30, 40, 50,

60, 90, 120 or more minutes.

[0098] In some embodiments, the score is based at least in part on sensor data

associated with a first time period indicative of an improvement in glycemic control or

diabetes management as compared to sensor data associated with a historical time period,

including averages or statistical measures evaluated over a predetermined time period.

For example, if a user decreases the amount of time spent in a hyperglycemic range during

a week time period as compare to a previous week time period, a particular score or

reward amount can be calculated or tabulated. It should be appreciated that numerous

other statistical and/or analytical measures of analyte data can be used to compare

between any definable time periods and provided with any number or scoring options

associated therewith, as can be understood by one of ordinary skill in the art.

[0099] In some embodiments, the score is based at least in part on user

interactions involving setting of or changing of receiver operation parameters. Some

receiver operation parameters include alarm settings (e.g., analyte thresholds, rate of

change thresholds, predictive alarm settings, type of output, display features, and the like).

It should be noted that operational parameters can be also be set, displayed and/or applied

in a portable device type receiver and/or any other device that receives and/or displays the



sensor data, including, downloadable software, web-hosted databases, servers, and the

like.

[0100] In some embodiments, the score is based at least in part on user

interactions that cause downloading of data by a user from the receiver to another

processing system, for example downloadable software, web-hosted databases, servers,

and the like. In some embodiments, the score is based at least in part on whether or how

the user sets or confirms alarm settings on the receiver; for example, when an alarm

criteria is met, the receiver triggers an alarm, and the user acknowledges the alarm by

pressing a button, touching the screen, or the like.

[0101] In some embodiments, the score is based at least in part on an

evaluation of the sensor data to determine whether the user is maintaining good control,

for example by tracking a running average of average glucose over time. Maintaining

good control can include a variety of statistical and clinical evaluations of the data,

wherein the determination of good control or improvement in a particular patient's

diabetes can be user settable, physician settable, adaptable by an algorithm on the system,

relative to a previous sensor session or time period, or the like.

[0102] In some embodiments, the score is based at least in part on user events,

for example, when a user enters an event into the receiver and/or other systems associated

with the system. Some examples of events include caloric intake, level of activity, health,

and the like.

[0103] Whether tabulating a score, incrementing a reward counter, or the like,

it should be appreciated by one of ordinary skill in the art that different criteria can be

given different weighting and/or points. For example, wherein the goal of a physician is

to simply encourage regular wear of the continuous glucose monitoring system, the

system can be set with a heavy weight (e.g., highest scoring) for continuous sensor wear

and/or user interaction as compared to achieving targets with regard to sensor data.

Numerous scoring or incrementing methods can be implemented by the manufacturer,

user settable (e.g., by a user or care giver), via downloadable software, via communication

with an internet site and/or the like.

[0104] At block 117, the processor module is configured to display a reward

indication (or score) on the receiver and/or transmit a reward indication (or score). A

score can be a numerical value associated with a calculation with a variety of user

interactions, however, other methods of scoring are possible. A reward indication, which



can include a score and/or be based at least in part on a score, can provide a physical

and/or conceptual reward, including but not limited to a numerical value, credit from the

manufacturer, an "opt-in" to a social networking group or site, changing of a display on

the receiver when the score reaches a predetermined reward threshold (e.g.,

transformation of character or display animation as a reward such as described above with

reference to Figures 3-5), achieving new sounds (e.g., tones, downloading of tones,

animation, etc), and the like.

[0105] The reward indication can be displayed on and/or transmitted to any

component associated with the continuous glucose monitoring system, including, a user

interface of a portable receiver, a text or email to a care giver's device linked to the user's

system, downloadable software, internet site, and the like). Additionally, the score or

reward indication can be configured to be displayed or transmitted continuously, at

predetermined levels of achievement, at a predetermined reward threshold or value, at

predetermined time periods or events, and the like.

[0106] In some embodiments, displaying and/or transmitting the reward

includes transmitting a score and/or reward to an internet site, whereby users can connect

with other users and/or their physician to share or compete. It is believed that by

interacting through social networking or data sharing, additional motivation can be

achieved. Additionally, rewards can be used by a manufacturer to provide credits, new

features, upgrades, accessories, and the like.

[0107] Fig. 7B is a flowchart that illustrates another exemplary process of

generating rewards based on interactions of the host with the receiver. The method of

Fig. 7B may be performed by a receiver, such as receiver 12 of Fig. 1. Depending on the

embodiment, the method of Fig. 7B may include fewer or additional blocks and/or the

blocks may be performed in an order than is different than illustrated.

[0108] In the embodiment of Fig. 7B, interactions with the receiver contribute

towards meeting one or more reward criteria. The method of Fig. 7B includes

determining that an interaction with the receiver has occurred 110, incrementing a reward

counter 112, determining whether a reward threshold has been reached 114, and providing

a reward indication 116.

[0109] At block 110 an interaction with the receiver is sensed. Depending on

the embodiment, and as described above as well, the interaction may include pressing a

button, touching the screen, or activating another input device on the receiver.



Interactions may also include other actions taken by the user, such as viewing sensor data

on an external device. In some embodiments, interaction includes downloading data,

inputting events, setting parameters, confirming sensor data, and the like, as described in

more detail elsewhere herein. In some embodiments, interaction is based on an amount of

time the sensor is used, for example, over a predetermined time period.

[0110] At block 112 a reward counter is incremented in response to sensing of

an interaction at block 110. In some embodiments, all interactions generate a same

increment value. In some embodiments, some interactions have higher increment values

than other interactions. For example, interacting with the receiver in order to view

glucose level trend information may be associated with a higher increment value than

interacting with the receiver in order to view a current glucose level. In one embodiment,

increment values for the same or similar interaction may be limited during a

predetermined time period. For example, a child may be limited to receiving reward

points only for a first 5 times that a particular button on the receiver is pressed within any

5 minute period. In some embodiments, increment values for various interactions are

programmable.

[0111] In addition, a higher increment value award can be given if a first

interaction is followed by a particular second interaction. The first interaction can be

different from or the same as the second interaction. As an example, a higher increment

value can be given if a user follows interacting with the receiver 12 in order to view

glucose level trend (a first interaction) with exercise (a second interaction). In various

embodiments, the receiver 12 receives or generates exercise data for determining whether

the host has exercised from one or more external or internal devices, such as a GPS

device, accelerometer and a heart rate sensor. Furthermore, a higher increment value can

be awarded based on the level of exercise performed as determined from the exercise

data.

[0112] At block 114 the value of the reward counter is compared to a reward

threshold. If the comparison indicates that a reward has not been achieved, the method

returns to block 110. However, if the comparison indicates that a reward has been

achieved, the method moves to block 116, where a reward indication is provided to the

host, a caretaker, a doctor, and/or other interested party. The reward indication may be

similar to the reward indication of block 108 of Fig. 6 .



[0113] Fig. 8A is a flowchart illustrating one embodiment of a method of

interacting with a host via a tutorial. The method of Fig. 8A displaying tutorial data to the

host, such as a series of glucose levels of an exemplary host, receiving input from the host

of an action that should be taken in response to the provided exemplary glucose levels,

and generating next glucose levels in response to the received input from the host. In this

way, the tutorial may be used to educate the host as to how certain actions affect (or don't

affect) the blood glucose levels. The tutorial data may be used to educate the user about

expected consequences to various actions in various circumstances. The method may be

performed by, for example, a receiver, such as receiver 12 of Fig. 1. Depending on the

embodiment, the method of Fig. 8 may include fewer or additional blocks and/or the

blocks may be performed in an order than is different than illustrated.

[0114] For example, a tutorial may display graphics representing glucose

measurements that are increasing. The user may select exercise as a response. The

tutorial then calculates simulated glucose values based at least in part on the response. In

this example, the tutorial helps the user become more familiar with expected results of

performing the various actions.

[0115] Fig. 8B illustrates three series 810A, 810B, 810C, of frames that may

be displayed on a receiver as part of an interactive tutorial. Each of the frame series 810

has three frames, including a first frame 121 that corresponds with block 120 of Fig. 8A

wherein tutorial data is displayed to the host, a second frame 123 that correspond with

block 122 of Fig. 8A wherein input of a simulated action is received from the host, and a

third frame 127 that correspond with block 126 of Fig. 8A including graphics indicating

simulated glucose measurements that are responsive to the simulated action received from

the host.

[0116] Beginning in block 118, the receiver determines tutorial data. The

tutorial data may be based at least in part on actual measurements from a glucose monitor

and/or other sensor, such as episodic SMBG. In some embodiments, the measurements

were taken while monitoring the current host and stored in a memory. In some

embodiments, the memory has data from one or more other users. The memory data may

additionally contain synthesized data, which is not the result of measurements, but is

generated by a method or using a synthesis algorithm. The memory may contain data

representing various glucose excursion scenarios, such as blood glucose levels increasing

towards hyperglycemia and decreasing towards hypoglycemia.



[0117] In one embodiment, patterns in the tutorial data are identified and a list

of potential causes, allowing user, doctor/HCP, algorithm or remote analysis to determine

most likely causes, are generated and displayed as a list of potential solutions or

responses. With the potential solutions/responses, the user, doctor/HCP, algorithm or

remote analysis can then determine the most likely actions or responses to recommend. In

one embodiment, the response impact may be estimated by the sensor electronics and/or

documented, e.g. whether the user/caretaker followed the advice, and if not what actions

were taken. In one embodiment, similar methods may be used in data management

software or any remote analysis done whether by algorithm or remote HCP or clinical

personnel or other trained to interpret data.

[0118] At block 120, the tutorial data is displayed. The tutorial data may be

displayed as a series of frames displaying a game, an animation, or a cartoon. For

example, a series of blood glucose levels may be displayed as graphics similar to those of

any of Figs 3A-3H. In other embodiments, the tutorial data may be displayed in the form

of textual data or as one or more graphs. As noted above, frames 121 of Fig. 8B

illustrates exemplary displayed tutorial data.

[0119] Next, in block 122, the receiver receives an indication of an input from

the host. The input indicates an action to be taken in response to the currently displayed

tutorial data. For example, the action can be any of eating food, eating a glucose tablet,

exercising, injecting insulin, responding to stress or injury, contacting someone for help,

such as a teacher, a parent, or a medical professional, and/or taking no action. As noted

above, frames 123 of Fig. 8B illustrate selected actions 125 displayed alongside the

glucose data so as to indicate the relative timing of the actions 125 and the glucose data.

[0120] At block 124, the receiver simulates a response to the action indicated

by the user. For example, based on the glucose levels, trends in the glucose levels, and/or

the action indicated by the user, a processor in the receiver may generate a simulated

response to the action based on a simulation algorithm. In one embodiment, a trend in the

tutorial data may not change immediately after the host indicates that an action should be

taken. For example, if the host indicates an action of eating food, the tutorial data may

not indicate any changes in the current trend of the blood glucose levels for 30 minutes (or

some other time period) representative of a time period that is required to digest the food

and increase the blood sugar levels of the exemplary host. In one embodiment, the

simulated responses may be compared to sensor data that was actually measured/seen, and



the different in the simulated responses and the actual responses may be utilized in by the

algorithm for additional user customization and response knowledge.

[0121] At block 126, the simulated response to the action is displayed. As

noted above, frames 127 of Fig. 8B illustrate simulated responses displayed along with

the tutorial data and the actions 125. In some embodiments, the simulated response is

displayed along with the data representing measurements prior to the action. In some

embodiments, the action take is represented with an icon in the display. In some

embodiments, an animation is generated indicating the simulated response. In some

embodiments, a reward indication is displayed if reward criteria are met. In some

embodiments, simulated responses for one or more alternate actions may be generated and

displayed, for example, in response to an input indicating a request for such a display. In

some embodiments, a simulated response of an alternate action is generated and displayed

if the action indicated by the user is not optimal.

[0122] In one embodiment, the method repeats blocks 120-126 as more

simulated actions are received from the host and more simulated blood glucose levels

responsive to the actions are generated by the receiver. In this way, the host is able to

simulate an extended time period of activities (e.g., from morning until night) in a very

short time frame (e.g., in 1-15 minutes, for example) while learning how certain actions

affect blood glucose levels. In one embodiment, the graphics used for the tutorial are

similar/same as used for the actual sensor data of the host, e.g., one or more of the games

illustrated in Figs. 3A-3H or the like.

[0123] Figs. 9A and 9B are drawings illustrating embodiments of displayed

tutorial data. Fig. 9A shows tutorial data 128 representing a selected glucose scenario.

Icons 130 represent eating food, eating a glucose tablet, exercising, injecting insulin, or

contacting someone for help, respectively. Fig. 9B shows tutorial data with actions and

results of the actions. In some embodiments, the actions are real actions taken by a user

from whom measurements were taken and are included in the tutorial data. In some

embodiments, at least some of the actions are actions selected within a tutorial, and the

measurements shown after the actions are simulated responses to the selected actions. In

some embodiments, icons such as icons 130 are used outside of a tutorial to graphically

indicate actions taken by the user.

[0124] Systems and methods can also be configured to provide a diabetes

management game based on simulated or sample data. These games can be run and



played on a computer system such as a PC, a PDA, a mobile phone, or the receiver 12

described above, for example. One mode can be configured to cause a user to compete

against the computer system, wherein the computer system makes decisions (e.g., insulin

dosing decisions) based on standard bolus wizards that take into account single point

glucose sensor data (e.g., from a meter or significantly time spaced sensor data by at least

about 4 hours) in one embodiment or continuous glucose sensor data (e.g., from an

implantable sensor) in another embodiment. Preferably, the goal of this game is for the

user to achieve a good score or beat the computer system. In one embodiment, the largest

contributor to the score is based on exposure to glucose; in one embodiment, it could be

an AIc score derived from the area under the curve over time. Deductions from the score

can occur if a player has a severe hypoglycemia episode. Low variability of glucose

concentration can amplify the score. The game can be designed to be repeatedly played

by the user. In this exemplary embodiment, the game does not provide help or assistance

or any advice about actions to take, but the game requires the user to read only the glucose

information provided by an actual continuous glucose sensor session (e.g., glucose value,

trend arrow, and/or graphical time display) and make insulin dosing decisions.

[0125] In one example, the game begins with simulated and/or sample data

consistent with an "out of control" patient level (e.g., high glucose variability and/or high

AIc) and sequentially move toward simulated and/or sample data consistent with a "well

controlled" patient level (e.g., low glucose variability and/or low AIc) as the user

successfully achieves tighter glucose control (e.g., reduced exposure to glucose). For

example, a defined series of levels with increasing difficulty can be provided. All players

may start with an AIc of 11 or higher. Corresponding high and low settings can be 120

and 300, for example. The user successfully completing this level can mean that the user

has achieved an improved AIc of, for example, 10 or 10.5, and the game gets

progressively more difficult as the AIc gets lower, and the high and low limits narrow.

[0126] For example, the screen moves along at about 1 hour every few

seconds and at periodic times it freezes and states a scenario (e.g., "you are about to stop

at fast food restaurant for a specified meal deal. How much insulin should you take?")

The user enters their estimation for insulin dosing, while the computer enters its

estimation for insulin dosing based on the bolus wizard value. At the end of a prescribed

period of time, the player either loses or wins against the computer. Advantageously, the

user is motivated to play again and again until they beat the computer and improved the



glycemic control of the simulated or sample data is revealed. In embodiments wherein

the bolus wizard is based on single point glucose sensor data, it is believed that the

usefulness of continuous glucose sensor data can easily be exemplified. In embodiments

wherein the bolus wizard is based on continuous glucose sensor data, the simplicity and

ease of use of graphical and/or trend information associated with continuous glucose

sensor data can be illustrated.

[0127] In another mode, the system can be configured to cause the user to play

against a physician. In this mode, the system is configured to display a retrospective data

set from a sensor session (e.g., 3 . 5 or 7 days of sample data) to the patient. The user is

not given physician information, but instead makes insulin dosing decisions at specified

events and/or time points in the data set. The computer system is programmed with

physicians' instructions (from a real or sample physician). The goal of this game is to

beat the physician. Advantageously, this mode raises awareness of the difficulty of

analyzing data sets retrospectively, and points to the power of real time continuous

glucose sensor data.

[0128] In yet another mode, the system can be configured to allow two or

more users to compete. In this mode, the same simulated and sample data (real-time or

retrospective) is provided to multiple users (e.g., user vs. doctor, users online, etc).

[0129] Fig. 10 is a drawing illustrating an embodiment of presenting

information, such as sensor data or help information, in conjunction with an avatar or

other graphical character. In this embodiment, a graphical character 132, such as a

character that may be selected by a pediatric host (e.g., as a reward for maintaining their

blood glucose level within a predetermined range over a certain time period) is displayed

with sensor data 134, however, in some embodiments a graphical character is displayed

without sensor data. In this embodiment, the graphical character 132 is displayed with a

message 136, however, in some embodiments a graphical character is displayed without a

message.

[0130] The graphical character 132 may be, for example, any of a person, a

child, an imaginary creature, an avatar, an animal, or the like. In some embodiments, the

graphical character 132 is a character used with other media, such as in television or

movies. In some embodiments, the graphical character 132 is displayed as having

supernatural abilities. The graphical character 132 may include one or more characters.

In some embodiments, two or more characters are displayed as interacting with one



another. In some embodiments, the graphical character 132 is selected through an input to

the receiver. The graphical character 132 may include a portion or all of an uploaded

pictures, such as pictures of family members, children, bucket list, etc. In some

embodiments, the graphical character 132 is selected randomly or pseudorandomly from a

group of selectable characters.

[0131] In the embodiment of Fig. 10, the graphical character 132 provides a

message 136. The message 136 contains a therapeutic suggestion and/or motivational

message in response to the sensor data 134. Other messages in response to the sensor data

134 may be used. For example, messages may include any of encouragement,

congratulations, and warnings in response to the sensor data 134. In some embodiments,

the message is not in response to sensor data. For example, the message may ask for

input, such as requesting the user to indicate if the user has eaten lunch. The message

may give a reminder to perform an action, such as to request the receiver to display sensor

data from the past week. In some embodiments, the message may not be related to

glucose monitoring. For example, the message may be a joke, or display the current time

of day. Messages may be displayed on a display device of the receiver, may be pictoral or

graphical, and/or spoken (e.g., in the voice of the character) using a speaker of the

receiver.

[0132] In some embodiments, a character is displayed in response to an input

by the user, such as the push of a button. In some embodiments, the character is displayed

in response to another event, such as the sensor data having a specified characteristic,

such as being above or below a threshold. The character may also be displayed in

response to a time. The time may be programmed, or may be a random or pseudorandom

time. In some embodiments, the character is used to display the sensor data, such as the

centipede 134 of Fig. 10.

[0133] In some embodiments, a receiver (such as receiver 12) is configured to

interface with a network to upload and/or download data. For example, using the receiver

12, the user may upload game scores, sensor data, and/or tutorial scenarios. In some

embodiments, using the receiver 12, the user can download data representing games,

graphics (such as graphics 70 and 72 of Figs. 3A and 3B and graphic 82 of Fig. 3C), target

graphics (such as target graphic 78 of Fig. 3B), animations (such as that shown in Figs.

4A-4H and 5), rewards, backgrounds, sensor data, tutorial data, icons (such as icons 130

of Figs. 9A and 9B), graphical characters (such as graphical character 132 of Fig. 10), and



messages (such as message 136 of Fig. 10). The downloaded data, may, for example, be

accessible only as a reward. For example, a reward may be achieved for glycemic control,

where the reward allows the user or caregiver, for example, to access a network database

and download a new avatar. In some embodiments, parents, doctors, and/or other

caretakers of patients with diabetes may make recommendations that are provided to a

particular host (or a group of hosts) in response to particular alerts. For example, the

doctor of a particular pediatric patient may customize textual, graphical, audible, and/or

other information that may be provided to the particular patient in view of the doctors

knowledge of the patient needs, tolerances, etc.

[0134] In general, any of the above methods of data input and output can be

combined, modified, selectively viewed, selectively applied, or otherwise altered without

departing from the scope of the present invention. The various tasks performed in

connection with processes (i.e. methods) described herein may be implemented by

software, hardware, firmware, a computer-readable medium storing computer executable

instructions for performing the process, or any combination thereof. It should be

appreciated that the processes described herein may include any number of additional or

alternative tasks. The tasks described and illustrated in the figures need not be performed

in the described and illustrated order, and the processes may be incorporated into a more

comprehensive procedure or process having additional functionality not described in

detail herein. Moreover, the descriptions of the processes may refer to elements

mentioned above in connection with Fig. 1, but it is understood that other devices and

systems may be used to implement aspects of the processes.

[0135] For example, methods and devices that can be suitable for use in

conjunction with aspects of the embodiments described herein are disclosed in U.S.

applications including U.S. Appl. No. 11/007,920 filed December 8, 2004 and entitled,

"SIGNAL PROCESSING FOR CONTINUOUS ANALYTE SENSOR"; U.S. Appl. No.

10/695,636 filed October 28, 2003 and entitled, "SILICONE COMPOSITION FOR

BIOCOMPATIBLE MEMBRANE"; U.S. Appl. No. 10/633,367 filed August 1, 2003

entitled, "SYSTEM AND METHODS FOR PROCESSING ANALYTE SENSOR

DATA"; U.S. Appl. No. 09/916,711 filed July 27, 2001 and entitled "SENSOR HEAD

FOR USE WITH IMPLANTABLE DEVICE"; U.S. Appl. No. 09/447,227 filed

November 22, 1999 and entitled "DEVICE AND METHOD FOR DETERMINING

ANALYTE LEVELS"; U.S. Appl. No. 10/153,356 filed May 22, 2002 and entitled



"TECHNIQUES TO IMPROVE POLYURETHANE MEMBRANES FOR

IMPLANTABLE GLUCOSE SENSORS"; as well as issued patents including U.S.

6,001,067 issued December 14, 1999 and entitled "DEVICE AND METHOD FOR

DETERMINING ANALYTE LEVELS"; U.S. 4,994,167 issued February 19, 1991 and

entitled "BIOLOGICAL FLUID MEASURING DEVICE"; and U.S. 4,757,022 filed July

12, 1988 and entitled "BIOLOGICAL FLUID MEASURING DEVICE;" U.S. 6931327

issued August 16, 2005 and entitled, "SYSTEMS AND METHODS FOR REPLACING

SIGNAL ARTIFACTS IN A GLUCOSE SENSOR DATA STREAM"; U.S. 7134999

issued November 14, 2006 and entitled, "OPTIMIZED SENSOR GEOMETRY FOR AN

IMPLANTABLE GLUCOSE SENSOR"; U.S. 7192450 issued March 20, 2007 and

entitled, "POROUS MEMBRANES FOR USE WITH IMPLANTABLE DEVICES"; U.S.

6702857 issued March 9, 2004 and entitled "MEMBRANE FOR USE WITH

IMPLANTABLE DEVICES"; U.S. 6741877 issued May 25, 2004 and entitled "DEVICE

AND METHOD FOR DETERMINING ANALYTE LEVELS"; U.S. 6558321 issued

May 6, 2003 and entitled "SYSTEMS AND METHODS FOR REMOTE MONITORING

AND MODULATION OF MEDICAL DEVICES"; and U.S. 6862465 issued March 1,

2005 and entitled "DEVICE AND METHOD FOR DETERMINING ANALYTE

LEVELS." All of the above patents and patent applications are incorporated in their

entirety herein by reference.

[0136] [0100] The above description provides several methods and

materials of the invention. This invention is susceptible to modifications in the methods

and materials, as well as alterations in the fabrication methods and equipment. Such

modifications will become apparent to those skilled in the art from a consideration of this

application or practice of the invention provided herein. Consequently, it is not intended

that this invention be limited to the specific embodiments provided herein, but that it

cover all modifications and alternatives coming within the true scope and spirit of the

invention as embodied in the attached claims. All patents, applications, and other

references cited herein are hereby incorporated by reference in their entirety.

[0137] All numbers expressing quantities are to be understood as being

modified in all instances by the term "about." Accordingly, unless indicated to the

contrary, the numerical parameters set forth in the specification and attached claims are

approximations that may vary depending upon the desired properties sought to be

obtained by the present invention. At the very least, and not as an attempt to limit the



application of the doctrine of equivalents to the scope of the claims, each numerical

parameter should be construed in light of the number of significant digits and ordinary

rounding approaches.



WHAT IS CLAIMED IS:

1. A method of encouraging interactions with a receiver configured to receive

sensor data from a glucose sensor, the method comprising:

sensing an interaction from a user with a receiver, wherein the receiver is

configured to receive sensor data from the glucose sensor and to selectively

display information associated with the sensor data and/or the sensor data in

response to interactions from the user;

in response to a plurality of different sensed interactions, incrementing a

reward counter; and

in response to determining that the reward counter has reached a

predetermined reward threshold, displaying a reward indication on the receiver

and/or transmitting a reward indication.

2 . The method of claim 1, wherein the plurality of different sensed

interactions comprise substantially all interactions.

3 . The method of Claim 1, wherein the interaction comprises at least one of

pressing a button, touching a screen of the receiver, activating another input device,

selecting sensor data for viewing on the receiver, downloading data, inputting events,

setting parameters, confirming sensor data.

4 . The method of Claim 1, wherein the interaction comprises wearing the

receiver for a predetermined amount of time.

5 . A method of encouraging interactions with a continuous glucose

monitoring system, the method comprising:

sensing a user interaction with a portion of the continuous glucose

monitoring system; and

incrementing a reward counter in response to the sensed interaction

independent of the creation or value of any sensor data.

6 . The method of Claim 5, wherein the interaction causes current sensor data

to be displayed.

7 . The method of Claim 5, wherein the interaction causes historical sensor

data to be displayed.

8. The method of Claim 5, comprising incrementing the reward counter when

one or more sensor data values are within a predetermined range.



9 . The method of Claim 5, comprising incrementing the reward counter when

sensor data associated with a predetermined time period meets one or more criteria.

10. The method of Claim 5, comprising incrementing the reward counter when

one or more sensor data values change within a predetermined time period immediately

after an alarm is triggered.

11. The method of Claim 5, comprising incrementing the reward counter when

sensor data associated with a first time period indicates an improvement in glycemic

control or diabetes management as compared to sensor data associated with a historical

time period.

12. The method of Claim 5, comprising displaying a reward indication on the

receiver and/or transmitting a reward indication when the reward counter reaches a

predetermined value.

13. The method of Claim 5, comprising sensing time periods between

interactions, and incrementing the reward counter in response to a second interaction

when the second interaction is sensed within a predetermined time period from a first

interaction.

14. The method of Claim 5, comprising not incrementing the reward counter

in response to a second interaction when the second interaction is sensed later than a

predetermined time period from a first interaction.

15. The method of Claim 5, comprising incrementing the reward counter when

the receiver receives sensor data substantially continuously for a predetermined period.

16. The method of Claim 5, comprising incrementing the reward counter when

the user inputs a user event.

17. The method of Claim 16, wherein the event is associated with a caloric

intake.

18. The method of Claim 16, wherein the event is associated with a level of

activity.

19. The method of Claim 5, comprising incrementing the reward counter when

the user when the user sets receiver operation parameters.

20. The method of Claim 5, comprising incrementing the reward counter when

the user downloads data from the receiver to another processing system.

21. The method of Claim 5, comprising incrementing the reward counter when

the user sets or confirms alarm settings on the receiver.



22. The method of Claim 5, wherein the sensed interaction initiates or changes

a display on the receiver.

23. The method of Claim 5, wherein the sensed interaction only initiates or

changes a display on the receiver.

24. The method of Claim 5, comprising changing a display on the receiver

when the score reaches a predetermined threshold.

25. A portable sensor system comprising:

a glucose sensor configured to provide real-time continuous glucose sensor

data;

a device comprising a user interface configured to receive user input and

display the real time glucose sensor data responsive to user-interaction with the

portable device; and

a processor module configured to tabulate a score based at least in part on

user interactions with the user interface.

26. The sensor system of Claim 25, wherein the score is based at least in part

on substantially all user interactions with the user interface.

27. The sensor system of Claim 25, wherein the score is also based at least in

part on sensor data values.

28. The sensor system of Claim 25, wherein the score is also based at least in

part receiving sensor data during a predetermined time period.

29. The sensor system of Claim 25, wherein processor module is configured to

display the score on the user interface.

30. The sensor system of Claim 25, wherein the processor module is

configured to transmit the score to another processing system.
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