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first analyte level and a first rate of change of the analyte level; determining an initial medication dose based on one or more anticip -
ated subsequent medication doses, the first analyte level relative to an analyte level threshold, and the first rate of change of the ana -
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OPTIMIZING MEDICATION DOSAGE BASED ON ANALYTE SENSOR DATA

PRIORITY
[0001] This application claims priority to U.S. Provisional Patent Application Serial No.
61/695,152, filed on August 30, 2012, entitled “Optimizing Medication Dosage Based on
Analyte Sensor Data”, the disclosure of which is incorporated herein by reference in its

entirety for all purposes.

BACKGROUND

[0002] The detection of the level of glucose or other analytes, such as lactate, oxygen or the
like, in certain individuals is vitally important to their health. For example, the monitoring
of glucose is particularly important to individuals with diabetes. People with diabetes may
need to monitor glucose levels to determine when insulin is needed to reduce glucose
levels in their bodies or when additional glucose is needed to raise the level of glucose in
their bodies.

[0003] Devices have been developed for continuous and automatic monitoring of analytes,
such as glucose, in bodily fluid such as in the blood stream or in interstitial fluid. Some of
these analyte measuring devices are configured so that at least a portion of the devices are

positioned below a skin surface of a user, e.g., in a blood vessel or in the subcutancous

tissue of a user.

SUMMARY

[0004] Embodiments of the present disclosure include computer-implemented methods and
processor-based systems that determine whether to administer a medication dose as a
single dose or whether to fractionate the single dose and administer it as two or more
discrete doses. The embodiments of the present disclosure include receiving analyte data
related to an analyte level from an in vivo analyte sensor positioned through a skin layer.
The in vivo sensor may be in contact with an interstitial fluid or blood. An analyte level
and a rate of change of the analyte level are determined based on the received analyte data.
A determination is made whether medication is required based on a comparison of the
determined analyte level to a predetermined analyte level threshold and a comparison of

the determined rate of change of the analyte level to a predetermined rate level. The
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option to administer the medication in two or more doses is also considered. The
medication dose to be administered is calculated along with a prediction of whether if the
calculated medication dose is administered as one dose, a hypoglycemic event may occur.
The prediction includes variability and safety margin. Based on the prediction, the
calculated medication dose may be administered as at least two discrete medication doses
at two different times.

[0005] In some embodiments, the present disclosure provides a method of optimizing
medication dosage based on analyte sensor data. The method includes determining a first
analyte level and a first rate of change of the analyte level based on analyte data received
from an in vivo sensor; determining an initial medication dose based on one or more
anticipated subsequent medication doses, the first analyte level relative to an analyte level
threshold, and the first rate of change of the analyte level relative to a rate of change
threshold; providing an indication to administer the initial medication dose; determining a
second analyte level and a second rate of change of the analyte level based on subsequent
analyte data received from the sensor; and determining a subsequent medication dose
based on the second analyte level relative to the analyte level threshold and the second rate
of change of the analyte level relative to the rate of change threshold.

[0006] In some other embodiments, the present disclosure provides an apparatus for
optimizing medication dosage based on analyte sensor data. The apparatus includes a
processor and a memory coupled to the processor. The memory is operative to store
instructions executable by the processor. The instructions include determining a first
analyte level and a first rate of change of the analyte level based on analyte data received
from an in vivo sensor, determining an initial medication dose based on one or more
anticipated subsequent medication doses, the first analyte level relative to an analyte level
threshold, and the first rate of change of the analyte level relative to a rate of change
threshold, providing an indication to administer the initial medication dose, determining a
second analyte level and a second rate of change of the analyte level based on subsequent
analyte data received from the sensor, and determining a subsequent medication dose
based on the second analyte level relative to the analyte level threshold and the second rate
of change of the analyte level relative to the rate of change threshold.

[0007] In yet other embodiments, the present disclosure provides a system for optimizing

medication dosage based on analyte sensor data. The system includes an analyte sensor
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configured to be transcutancously positioned through a skin layer and maintained in fluid
contact with an interstitial fluid under the skin layer during a predetermined time period.
The analyte sensor includes a proximal portion and a distal portion. The system also
includes sensor electronics coupled to the analyte sensor. The sensor electronics includes
a circuit board having a conductive layer and a sensor antenna disposed on the conductive
layer; and one or more electrical contacts provided on the circuit board and coupled with
the proximal portion of the analyte sensor to maintain electrical communication. The
system also includes a receiver unit. The receiver unit includes a processor and a memory
coupled to the processor. The memory is operative to store instructions executable by the
processor. The instructions include determining a first analyte level and a first rate of
change of the analyte level based on analyte data received from the analyte sensor,
determining an initial medication dose based on one or more anticipated subsequent
medication doses, the first analyte level relative to an analyte level threshold, and the first
rate of change of the analyte level relative to a rate of change threshold, providing an
indication to administer the initial medication dose, determining a second analyte level and
a second rate of change of the analyte level based on subsequent analyte data received
from the sensor, and determining a subsequent medication dose based on the second
analyte level relative to the analyte level threshold and the second rate of change of the
analyte level relative to the rate of change threshold.

[0008] Numerous other aspects and embodiments are provided. These other features and
aspects of the present disclosure will become more fully apparent from the following

detailed description, the appended claims, and the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] FIG. 1 depicts a data monitoring and management system such as, for example, an
analyte (e.g., glucose) monitoring system in accordance with certain embodiments of the
present disclosure.

[0010] FIG. 2 is a block diagram of a receiver/monitor unit such as that shown in FIG. 1 in
accordance with some embodiments of the present disclosure.

[0011] FIG. 3 is a graph of the analyte level of a user regulated using a single medication
dose compared to the analyte level of a user regulated with multiple medication doses in

accordance with some embodiments of the present disclosure.
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[0012] FIG. 4 is a flow chart illustrating an example method for determining a first and
second medication dose amount in accordance with some embodiments of the present
disclosure.

[0013] FIG. 5 is a flow chart illustrating an example method of optimizing medication

dosages in accordance with some embodiments of the present disclosure.

DETAILED DESCRIPTION

[0014] The present disclosure relates to analyte monitoring systems and health management
systems. More specifically, the present disclosure relates to methods, apparatus, and
systems for optimizing the administration of a dose of medication. In some embodiments,
the invention includes determining whether to administer a medication dose as a single
dose or whether to fractionate the single dose to be administered as multiple discrete
doses.

[0015] In continuous, semi-continuous or discrete analyte monitoring systems for insulin
therapy, analyte levels of a patient are monitored and/or measured, and the measured
analyte levels are used for treatment. For example, real time values of measured analyte
levels of a patient allow for more robust and accurate diabetes treatment. Moreover, a
profile of a series of measured analyte levels of a diabetic patient can provide valuable
information regarding the fluctuations and variations of the analyte levels in a diabetic
patient. In turn, this type of information would be invaluable in establishing a suitable
insulin therapy regimen.

[0016] Many diabetic patients that use an infusion device such as an infusion pump
generally have preset or pre-established basal profiles which are programmed or stored
into the infusion device by the patient or the patient’s physician. Indeed, based on several
factors such as insulin sensitivity, the patient’s physiology and other variable factors that
affect the patient’s analyte levels, the physician may tailor the basal profiles of the patient
to be programmed into the infusion device such that the patient’s analyte level is
maintained within an acceptable range, and thus the patient is not going to experience
hyperglycemia or hypoglycemia.

[0017] While physicians attempt to best determine the most suitable basal profiles for each

diabetic patient using the infusion device, it is often difficult to attain the most suitable
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profiles to ensure the safe operating range of the infusion device while providing the
patient with the most suitable level of insulin at all times when the patient is wearing and
operating the infusion device. For example, to compensate for a predicted physiologically
relevant drop in glucose due to a bolus dose being administered, some users may manually
calculate fractionated bolus doses, based on a meal-time bolus, that are administered over
different periods of time to help regulate blood glucose levels in a targeted range.

[0018] Often, diabetics who use infusion pumps run basal profiles to maintain a steady level
of insulin and also supplement with additional bolus doses and/or temporary basal doses
administered typically with the same infusion pumps. Various devices exist that enable
the determination of the appropriate bolus to supplement the basal profiles. For example,
prior to the ingestion of a large quantity of carbohydrates, the patient is able to calculate a
carbohydrate bolus and administer the same with the infusion pump so that the intake of
the carbohydrates does not adversely impact the patient’s physiology. Such devices are
generally provided with functions that allow the users to enter certain parameters suitable
or necessary for the bolus or insulin dosage calculation amount, and perform the actual
calculation based on one or more of the entered parameters to derive at the appropriate
bolus dosage amount.

[0019] The present disclosure allows a user to intentionally under dose an insulin bolus
amount as a safety margin against a hypoglycemic event occurring. Once an initial insulin
dose has started to take effect, a subsequent measurement of the user’s blood glucose level
and rate of change may be taken. Based upon the subsequent measurement, more insulin
may be administered to fine tune the user’s blood glucose level. In particular, the present
disclosure helps avoid the long-term health risks of high blood glucose levels that typically
result from patients under dosing.

[0020] FIG. 1 shows a data monitoring and management system such as, for example, an
analyte (e.g., glucose) monitoring system in accordance with some embodiments of the
present disclosure. Note that the present disclosure is frequently described herein with
reference to diabetes treatment based on measurement and control of glucose levels using
insulin, however, the present disclosure is applicable to treatment of many different
diseases based on measurement and/or control of many different analytes using many
different medications. As depicted in FIG. 1, an analyte monitoring system 100 may

include a sensor 101, a data processing unit (e.g., sensor electronics) 102 connectable to
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the sensor 101, and a receiver unit 104 which is configured to communicate with the data
processing unit 102 via a communication link 103. In some embodiments of the present
disclosure, the sensor 101 and the data processing unit (e.g., sensor electronics) 102 may
be configured as a single integrated assembly 110. In certain embodiments, the single
integrated assembly 110 that includes sensor and sensor electronics may be configured as
an on-body patch device. In such embodiments, the on-body patch device may be
configured for, for example, radio frequency identification (RFID) or radio frequency (RF)
communication with a reader device/receiver unit 104, and/or an insulin pump.

[0021] In certain embodiments, the receiver unit 104 may be further configured to transmit
data to a data processing terminal 105 to evaluate or otherwise process or format data
received by the receiver unit 104. The data processing terminal 105 may be configured to
receive data directly from the data processing unit 102 via a communication link which
may optionally be configured for bi-directional communication. Further, the data
processing unit 102 may include a transmitter or a transceiver to transmit and/or receive
data to and/or from the receiver unit 104, the data processing terminal 105.

[0022] Only one sensor 101, data processing unit 102, and data processing terminal 105 are
shown in the embodiment of the analyte monitoring system 100 illustrated in FIG. 1.
However, it will be appreciated by one of ordinary skill in the art that the analyte
monitoring system 100 may include more than one sensor 101 and/or more than one data
processing unit 102, and/or more than one data processing terminal 105.

[0023] The analyte monitoring system 100 may be a continuous monitoring system, or
semi-continuous, or a discrete monitoring system. In a multi-component environment,
cach component may be configured to be uniquely identified by one or more of the other
components in the system so that communication conflict may be readily resolved
between the various components within the analyte monitoring system 100. For example,
unique IDs, communication channels, and the like, may be used.

[0024] In certain embodiments, the sensor 101 is physically positioned in or on the body of
a user whose analyte level is being monitored. The data processing unit 102 is coupleable
to the sensor 101 so that both devices are positioned in or on the user's body, with at least
a portion of the analyte sensor 101 positioned transcutancously. The data processing unit
102 in certain embodiments may include a portion of the sensor 101 (proximal section of

the sensor in electrical communication with the data processing unit 102) which is
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encapsulated within or on the printed circuit board of the data processing unit 102 with,
for example, potting material or other protective material. The data processing unit 102
performs data processing functions, where such functions may include but are not limited
to, filtering and encoding of data signals, each of which corresponds to a sampled analyte
level of the user, for transmission to the receiver unit 104 via the communication link 103.
In some embodiments, the sensor 101 or the data processing unit 102 or a combined
sensor/data processing unit may be wholly implantable under the skin layer of the user.

[0025] In one aspect, the receiver unit 104 may include an analog interface section
including an RF receiver and an antenna that is configured to communicate with the data
processing unit 102 via the communication link 103, and a data processing section for
processing the received data from the data processing unit 102 such as data decoding, error
detection and correction, data clock generation, and/or data bit recovery.

[0026] Referring still to FIG. 1, the data processing terminal 105 may include an infusion
device such as an insulin infusion pump or the like, which may be configured to
administer insulin to patients, and which may be configured to communicate with the
receiver unit 104 for receiving, among others, the measured analyte level. Alternatively,
the receiver unit 104 may be configured to integrate an infusion device therein so that the
receiver unit 104 is configured to administer insulin (or other appropriate drug) therapy to
patients, for example, for administering and modifying basal profiles, as well as for
determining appropriate boluses for administration based on, among others, the detected
analyte levels received from the data processing unit 102. An infusion device may be an
external device or an internal device (wholly implantable in a user). An insulin bolus
calculator may be operatively coupled to the receiver unit 104 to determine an insulin dose
that is required based upon the analyte data received from the sensor device/electronics.

[0027] In particular embodiments, the data processing terminal 105, which may include an
insulin pump, may be configured to receive the analyte signals from the data processing
unit 102, and thus, incorporate the functions of the receiver unit 104 including data
processing for managing the patient’s insulin therapy and analyte monitoring.

[0028] FIG. 2 is a block diagram of a receiver/monitor unit or insulin pump such as that
shown in FIG. 1 in accordance with certain embodiments. The receiver unit 104 (FIG. 1)
may include one or more of a blood glucose test strip interface 201, an RF receiver 202, an

input 203, a temperature monitor section 204, and a clock 205, each of which is
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operatively coupled to a processing and storage section 207. In certain embodiments, a
receiver unit, such as receiver unit 104, also includes a power supply 206 operatively
coupled to a power conversion and monitoring section 208. Further, the power conversion
and monitoring section 208 is also coupled to the receiver processor 207. Moreover, also
shown are a receiver serial communication section 209, and an output 210, each
operatively coupled to the processing and storage unit 207. The receiver may include user
input and/or interface components or may be free of user input and/or interface
components.

[0029] In one aspect, the RF receiver 202 is configured to communicate, via the
communication link 103 (FIG. 1) with the data processing unit (sensor electronics) 102, to
receive encoded data from the data processing unit 102 for, among others, signal mixing,
demodulation, and other data processing. The input 203 of the receiver unit 104 is
configured to allow the user to enter information into the receiver unit 104 as needed. In
one aspect, the input 203 may include keys of a keypad, a touch-sensitive screen, and/or a
voice-activated input command unit, and the like. The temperature monitor section 204
may be configured to provide temperature information of the receiver unit 104 to the
processing and storage section 207, while the clock 205 provides, among others, real time
or clock information to the processing and storage section 207.

[0030] Each of the various components of the receiver unit 104 shown in FIG. 2 is powered
by the power supply 206 (or other power supply) which, in certain embodiments, includes
a battery. The output/display 210 of the receiver unit 104 is configured to provide, among
others, a graphical user interface (GUI), and may include a liquid crystal display (LCD)
for displaying information and/or allowing a user to enter information. The receiver unit
104 may also include a storage section such as a programmable, non-volatile memory
device as part of the processor 207, or provided separately in the receiver unit 104,
operatively coupled to the processor 207.

[0031] As previously mentioned, conventional treatment of diabetes includes the reliance
on medication, such as insulin, by some diabetic individuals to help regulate their blood
glucose. Insulin dependent multiple daily injectors (MDI) typically measure their blood
glucose (e.g., using a blood glucose meter or in vivo analyte sensor) prior to the
administration of insulin to determine the correct insulin dose required. If an MDI is

preparing to eat a meal, the insulin dose calculation also accounts for the number of grams
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of carbohydrates that the MDI estimates will be consumed in the meal. The accuracy of
the calculated insulin dose depends on certain dynamic factors, such as how much insulin
remains in a user’s blood stream from a prior insulin dose (hereinafter referred to as
“insulin on-board”). The MDI has visibility to some of the factors, but are blind to others.
Thus, conventional insulin dosing may be characterized as an open loop control model, in
which the MDI measures his or her blood glucose level and injects insulin one time.
According to embodiments of the present disclosure, insulin dosing may be performed
using a closed loop model in which a glucose monitoring system including an insulin
pump automatically determines and administers medication to the user based on analyte
data acquired by the system. Still further, insulin dosing can be performed using a semi-
closed loop model, in which a glucose monitoring system determines the amount of
insulin required and prompts the user to inject the insulin dose. Equation 1, seen below,
illustrates a relationship to determine an insulin bolus dose amount that can be calculated
by either a user or by a glucose monitoring system.

[0032]

BG —target N carbs

insulindose = —iob  (Equation 1)

insulinfactor  carbfactor

[0033] In the above relationship, BG represents a blood glucose level that may be measured
using, e.g., a test strip and/or a continuous glucose sensing device. The target is the
desired glucose level after the administration of the calculated insulin dose. The time
period at which the target glucose level is reached after the administration of the insulin
dose is related to the user’s “insulin action time.” Typically, a user’s insulin action time is
estimated between 2 and 6 hours. In addition, a healthcare provider can help estimate a
user’s insulin action time by plotting a graph of a user’s blood glucose profile with respect
to time after an insulin injection. The insulin sensitivity factor (insulinfactor) is the
amount, in mg/dL, that the blood glucose level may be lowered using 1 unit of insulin.
Moreover, the insulin sensitivity factor may be user specific, but is typically around 10
mg/dL/U.

[0034] A user specific insulin sensitivity factor may be determined using the “1500 Rule”
for individuals who use short-acting insulin. For example, the 1500 Rule estimates the

point drop in mg/dL for every unit of short acting insulin taken. Using the “1500 Rule”
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the insulin sensitivity factor may be determined by dividing 1500 by the total daily dose of
short-acting insulin. Alternately, for individuals that use fast-acting insulin, the “1800
Rule” may be applied to determine an insulin sensitivity factor. For example, 1800 Rule
estimates the point drop in mg/dL for each unit of rapid- acting insulin taken. To
determine an insulin sensitivity factor using the “1800 Rule”, 1800 is divided by a user’s
total daily dose of fast-acting insulin. Other methods of determining a user’s insulin
sensitivity factor are also contemplated.

[0035] The carbohydrate factor (carbfactor) represents the amount, in grams, of
carbohydrates that may be disposed of by 1 unit of insulin, and typically is around 15
grams/U for fast-acting insulin. Moreover, an estimate of the carbohydrates consumed at
mealtime (carbs) can also be used in insulin bolus determination. In further embodiments,
the data processing unit 102 and/or the receiver unit 104, and/or the data processing
terminal/infusion section 105 may be configured to determine various insulin dose
calculations, for example, as described in greater detail in the embodiments below.

[0036] With reference to Table 1, assuming an initial BG of 200 mg/dL, a target blood
glucose level of 100 mg/dL a carbohydrate consumption of 50 grams, and 0 units of
insulin on-board, the present methods, apparatuses, and/or systems can determine an

insulin dose of 13.3 units as calculated using Equation 1.

User Insulin
Time | Glucose | Carbohydrate | On- | Insulin System
(hour) Level Estimation | Board | Dose Calculation
(mg/dL) (grams) (Units) | (Units) (Units)
~ (200-100) +ﬂ_0
0 200 50 0.0 133 10 15
1 200 10.0
2 167 6.7
3 133 33
4 100 0.0

Table 1: Blood Glucose Correction Using Insulin Bolus Dose

-10-
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[0037] As a safety margin against hypoglycemia, some MDIs may intentionally under dose
insulin so that their blood glucose stays at a higher level for a longer period of time. The
present disclosure allows the user to go from open loop control to closed loop control. For
example, a user can intentionally under dose an insulin bolus amount, and once that
insulin dose has started to take effect, a subsequent measurement of the user’s blood
glucose level may be taken, and based upon the subsequent measurement, more insulin
may be administered to fine-tune the user’s blood glucose level. The subsequent blood
glucose measurement may be taken, e.g., using a blood glucose meter and/or a continuous
glucose monitoring device. FIG. 3 graphically illustrates a user’s blood glucose level over
time using a traditional single insulin dose 302, and the blood glucose level using a safer,
two insulin dose approach 304 according to the present disclosure. As seen in FIG. 3, the
blood glucose level using a single insulin dose approach 302 reaches the 100 mg/dL level
in four hours. Using the safer two insulin dose approach 304, the user is not likely to be
below the target blood glucose level at 4 hours. The value above target glucose level,
combined with the second insulin dose helps better manage the risk of hypoglycemia.

[0038] Table 2 below illustrates various embodiments contemplated by the present

disclosure that may be used to determine an initial or first insulin bolus dose.

[0039]

Initial Dose
Approaches: (Units)
1. Traditional 13.3
2. Initial target is 20 mg/dL higher 11.3
3. Target follow up dose size 2.5U 10.8
4. Percentage of total dose, 80% 10.6
5. Percentage of carbohydrate, 70% 12.3
6. Percentage of correction, 70% 10.3

Table 2: Examples to Determine first Insulin Dose Amount

[0040] The various approaches described herein may be performed by the data processing
unit 102, the receiver unit 104, and/or the data processing terminal/infusion section 105 of

FIG. 1. A second insulin dose may be determined in a similar manner, using the

-11-
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individual’s current blood glucose value, zero grams of carbohydrates, and subtracting the
insulin on-board remaining from the first dose. Approach 1 is a single insulin dose
calculation as described above with reference to Table 1. Approaches 2-6 apply to a
multiple (for example, two or more) insulin dose method, which includes a determination
of a first insulin dose that is smaller than the insulin dose that would be determined using
Approach 1, and a determination of a second or more insulin doses that may be
administered at a later time.

[0041] Approach 2 determines the first insulin dose using Equation 1 but using a target
analyte level that is, e.g., 20 mg/dL higher than the actual target analyte level. To
determine the second insulin dose amount using Approach 2, the receiver unit 104 for
example, may be configured to determine an insulin dose using Equation 1 with the
normal target analyte level, using the user’s blood glucose level obtained at the time of the
second dose calculation, and subtracting the insulin on-board remaining from the first
insulin dose.

[0042] Approach 3 targets the second insulin dose at 2.5 units, so the receiver unit 104 may
be configured to subtract 2.5 units from the determined insulin dose amount from
Equation 1 in determining the first insulin dose amount. To determine the second insulin
dose amount using Approach 3 the receiver unit 104 for example, may be configured to
determine an insulin dose using Equation 1 using the user’s blood glucose level obtained
at the time of the second dose calculation, and subtracting the insulin on-board remaining
from the first insulin dose.

[0043] Using Approach 4, the receiver unit 104 may be configured to determine an insulin
dose using Equation 1, and then determining 80% of that value as the first insulin dose.
To determine the second insulin dose amount using Approach 4 the receiver unit 104 may
be configured to determine an insulin dose using Equation 1 using the user’s blood
glucose level obtained at the time of the second dose calculation, and subtracting the
insulin on-board remaining from the first insulin dose.

[0044] To determine the first insulin dose using Approach 5, the receiver unit 104 may be
configured to determine an insulin dose using Equation 1 but only using 70% of the
estimated carbohydrate consumption in the determination. To determine the second
insulin dose amount using Approach 5, the receiver unit 104 may be configured to

determine an insulin dose using Equation 1 using the user’s blood glucose level

-12-
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determined at the time of the second dose calculation, with zero grams carbohydrates, and

subtracting the insulin on-board remaining from the first insulin dose.

To determine the first insulin dose using Approach 6, the receiver unit 104 can

calculate an insulin dose using Equation 1 but only using 70% of the correction term

‘o BG —target
" insulinfactor

] in the calculation. To calculate the second insulin dose amount using

Approach 6, the receiver unit 104 may be configured to determine an insulin dose using

Equation 1 using the user’s blood glucose level at the time of the second dose calculation,

with zero grams carbohydrates, and subtracting the insulin on-board remaining from the

first insulin dose.

By way of an example, Table 3 below illustrates the potential danger of a user

entering incorrect carbohydrate consumption data into the receiver unit 104 by estimating

50 grams but only consuming 35 grams in determining an insulin bolus dose. Specifically,

in the present example, the user is calculating an insulin bolus dose with a target analyte

level of 120 mg/dL.
User User User’s
Time | Analyte | Carbohydrate | Carbohydrate | Insulin Insulin System
(hour) Level Estimation Actual On-Board | Calculation Calculation
(mg/dL) (grams) (grams) (Units) (Units) (Units)
~ (200-120) +ﬂ_0

0 200 50 35 0.0 11.3 10 15

1 190 10.0

2 157 6.7

3 123 33

4 90 0.0

Table 3: Overestimated Carbohydrate Consumption and Single Insulin Dose
[0047] However, because the user overestimates the carbohydrate consumption, the

subsequent insulin dose calculation is also overestimated. This results in a lower than

target blood glucose level of 90 mg/dL four hours after the consumption of the meal. In

this example, the insulin on-board represents the amount of insulin in the user’s system

that remains from the insulin dose.
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[0048] Table 4 below illustrates the same example as above but with a follow up insulin
bolus dose that is administered 3 hours after mealtime. Again, the initial insulin dose is
calculated with a target of 120 mg/dL, and the user miscalculates the carbohydrate
consumption by estimating 50 grams but only consuming 35 grams in determining an
insulin bolus dose. However, rather than administering the entire 12.3 units of insulin
determined from the calculation, the user under doses with 11.3 units, based upon the
calculation of the first insulin dose by the receiver unit 104, and then follows up with an

additional 1 unit dose at hour 3.

Time Sensor User User Insulin User’s System
(hour) Analyte | Carbohydrate | Carbohydrate | On- Insulin Calculation
Level Estimation Actual Board | Calculation (Units)
(mg/dL) (grams) (grams) (Units) (Units)
0 200 50 35 0.0 11.3 B (200—12O)+5_0_0
10 15
1 195 8.5
2 167 5.7
3 138 2.8 1.0 :(138_100)+£—2.8
10 15
4 108 0.8
5 105 0.5
6 103 0.3
7 100 0.0

Table 4: Miscalculated Carbohydrate Consumption and Two Insulin Doses

[0049] In this example, although the user overestimates the carbohydrate consumption for
entry into the receiver unit 104 to calculate an insulin bolus dose, because the user changes
the target, and a second insulin dose of 1 unit at hour 3, the user’s blood analyte level is
still at 100 mg/dL 7 hours after meal time.

[0050] FIG. 4 is a flow chart illustrating an example method for determining multiple
insulin dose amounts to safeguard against hypoglycemia in certain embodiments.

Referring to FIG.4, in some embodiments, the receiver unit 104 of FIG. 1 may be
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configured to receive analyte data related to an analyte level of a user from an analyte
sensor device (402). The analyte data may be received via wired or wireless transmission
from a sensor assembly 110 worn on the body of the user. The receiver unit 104 can
include a portable analyte meter, a laptop computer, a smart phone, a personal computer, a
personal digital assistant, etc. Moreover, the receiver unit 104 may be a user device, a
parental device, and/or a healthcare provider device.

[0051] The analyte level of the user may be determined based on the analyte data (404)
received at a processor 207 of FIG. 2, of the receiver unit 104, for example. The analyte
level of the user may be determined directly upon receipt of the analyte data, or the
receiver unit 104 can wait to determine the analyte level until a predetermined time. In
addition, the rate of change of the analyte level of the user may be determined based on
the received analyte data (406). Based upon at least one of the determined analyte level
and the determined rate of change of the analyte level, a determination may be made, e.g.,
by the processor 207, if a medication dose should be administered to the user (408). For
example, the processor 207 can apply a heuristic algorithm to the analyte data to determine
the confidence in projecting the response of the blood analyte level to a meal and insulin
injection. By way of example, the medication dose may be an insulin dose. The insulin
dose may be administered via oral medication, a syringe, and/or an insulin pen to name a
few. In addition, insulin may be automatically administered via an insulin pump
operatively coupled to the infusion section 105.

[0052] The receiver unit 104 can prompt the user to choose between receiving one or
multiple doses of the medication (410). The receiver unit 104 can divide the insulin dose
calculation into multiple portions, and the prompt may be presented to the user via at least
one of a textual message displayed on an output display 210 of the receiver unit 104, a
vibratory alert, an audible message, and/or a vibratory alert to name a few. By way of
example, the user can respond to the prompt by one or more of entering a response using a
user input touch screen 203 that is operatively coupled to the receiver unit 104, entering a
response using a user input keypad 203 operatively coupled to the receiver unit 104,
and/or providing a voice command that is recognized, e.g., by input unit 203 operatively
coupled to the receiver unit 104. The user’s response to the prompt may be received (412)
by the receiver unit 104. If the user response indicates that only one medication dose is to

be administered, the receiver unit 104 determines a single medication dose amount based

-15-



WO 2014/036177 PCT/US2013/057143

upon at least one of the determined analyte level and/or the determined analyte rate of
change (414), and the receiver unit 104 can prompt the user to administer a single
medication dose amount (416). Alternately, the receiver unit 104 can prompt the infusion
section 105 to administer the single medication dose amount.

[0053] However, if the user’s response to the prompt indicates that the user would like to
receive multiple medication doses, the receiver unit 104 can determine and/or calculate a
first medication dose amount that is based upon at least one of the determined analyte
level, the determined analyte rate of change, and/or the received user response (418). The
first medication dose may be a maximum dose that the receiver unit 104 determines will
not unduly risk hypoglycemia in the user. The receiver unit 104 can prompt the user
and/or an insulin infusion device 105 to administer the first medication dose (420). The
prompt may be presented to the user in the form of a textual message displayed on a
display screen 210 of the receiver unit 104, a vibratory alert, an audible message, and/or a
vibratory alert to name a few. The processor 207 can apply a heuristic algorithm to the
analyte data to determine an optimal time for the first medication dose to be administered.
Factors that can affect this time, and which may be taken into consideration by the
heuristic algorithm, can include the user's insulin reaction time, the user's carbohydrate
reaction time, the user's blood analyte, rate of change of the analyte level, and acceleration
of the analyte level. In some embodiments, the receiver unit 104 can prompt the user
and/or the insulin infusion device 105 to administer the first medication dose immediately,
or at a later time. When the recommended time arrives, the user can postpone or shut off
the recommendation from the receiver unit 104. The time that the receiver unit 104
recommends to the user may be modified to account for user behavior and experience.
For example, the user may be alerted several minutes prior to the recommended time to
allow for the user's reaction time.

[0054] A second time when a second medication dose amount should be administered can
also be determined (422) by the receiver unit 104. The receiver unit 104 can determine
and/or calculate the second medication dose amount based upon a newly determined
analyte level, a newly determined analyte rate of change (424). The second medication
dose may be a smaller or larger medication dose than the first, or an equal amount. In
some embodiments, the second medication dose amount may be determined and/or

calculated based on the latest analyte data, a combination of current and prior analyte data,
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and/or a prediction of a future analyte level. The determination of the second medication
dose amount can include comparing the user's blood analyte to a model or threshold value
to determine the reaction to the first medication dose amount, and/or traditional
medication dosing factors such as the updated blood analyte information, insulin on-board,
carbohydrate input, and the user's reaction times, to name a few.

[0055] The receiver unit 104 can prompt the user to administer the second medication dose
amount (426). The prompt may be presented to the user in the form of a textual message
displayed on a display screen of the receiver unit 104, a vibratory alert, an audible
message, and/or a vibratory alert to name a few. The receiver unit 104 can apply a
heuristic algorithm to the analyte data to determine an optimal time for the second
medication dose. Factors that can affect this time, and which may be taken into
consideration by the heuristic algorithm, can include the user's insulin reaction time, the
user's carbohydrate reaction time, the user's blood analyte, rate of change of the analyte
level, and acceleration of the analyte level.

[0056] As described, the user may be prompted to administer the second medication after
the first medication dose is administered. In some embodiments, when the second time
arrives, the user can postpone or shut off the prompt from the receiver unit 104. The first
and/or second time that the receiver unit 104 prompts the user to administer the first and/or
second medication dose may be modified to account for user behavior and experience.
For example, the user may be alerted several minutes prior to the first and/or second time
to allow for the user's reaction time. Although the example illustrated in FIG. 4 describes
calculating and administering two medication doses, it will be understood that more than
two medication doses may be determined and user prompted for administration in
accordance with the present methods, apparatuses, and systems of the invention. The
present methods, apparatuses, and systems can just as easily be used by insulin pump
users. In such an instance, the medication doses may be administered as a bolus using the
insulin infusion section 105, and insulin infusion section 105 may be prompted to
administer the determined medication doses.

[0057] FIG. 5 is a flow chart illustrating an example method of optimizing medication
dosages according to embodiments of the present disclosure. Referring to FIG. 5, in some
embodiments, the receiver unit 104 may be configured to receive analyte data related to an

analyte level from an analyte sensor positioned through a skin layer of a user (502). The
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analyte data may be received via wired or wireless transmission from a sensor assembly
110 worn on the body of the user. The receiver unit 104 can include a portable analyte
meter, a laptop computer, a smart phone, a personal computer, a personal digital assistant,
etc. Moreover, the receiver unit 104 may be a user device, a parental device, and/or a
healthcare provider device.

[0058] A first analyte level and a first analyte rate of change may be determined (504)
based on the analyte data received at a processor 207 of the receiver unit 104, for example.
The first analyte level and/or first analyte rate of change may be determined directly upon
receipt of the analyte data, or the receiver unit 104 can wait to determine the analyte level
until a predetermined time. Based upon anticipating the more than one dose will be
administered, a comparison of the first analyte level to a threshold analyte level, and a
comparison of the first rate of change of the analyte level to a threshold rate of change, a
determination may be made, e.g., by the processor 207, of an appropriate medication dose
(506). For example, the processor 207 can apply a heuristic algorithm to the analyte data
to determine the confidence in projecting the response of the analyte level to a meal and a
medication injection. By way of example, the medication may be an insulin dose. The
insulin dose may be administered via oral medication, a syringe, and/or an insulin pen to
name a few. In addition, insulin may be automatically administered via an insulin pump
operatively coupled to the infusion section 105. Thus, the receiver unit 104 can calculate
the initial medication dose to be administered. Additionally, in some embodiments, the
processor 207 of the receiver 104 unit can predict the likelihood of a hypoglycemic event
occurring if the calculated medication dose is administered as a single dose. If the
processor 207 predicts that a hypoglycemic event is likely to occur if the medication dose
is administered as a single dose, then the receiver unit 104 can determine that the
calculated medication dose should be administered as two discrete doses.

[0059] The determination to administer the calculated medication dose can also be in
response to an affirmative selection of a decision at a user interface 210 operatively
coupled to the receiver unit 104. For example, the receiver unit 104 can select a
calculation method to calculate doses based on at least one of the analyte level, the analyte
rate of change, and the prediction of the hypoglycemic event. More specifically, one or
more of the doses can be calculated using a selection of one or more of the approaches

detailed in Table 2 above.
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[0060] In some embodiments, the receiver unit 104 and/or insulin infusion section 105 can
administer, automatically and/or in response to an input at the user interface 210, the
initial medication dose without human intervention or merely provide an indication to the
user to administer the initial medication dose (508). The receiver unit 104 can apply a
heuristic algorithm to the analyte data to determine an optimal time to administer the
initial dose. Factors that can affect this time, and which may be taken into consideration
by the heuristic algorithm, can include the user's insulin reaction time, the user's
carbohydrate reaction time, the user's blood analyte, rate of change of the analyte level,
and acceleration of the analyte level.

[0061] Based on subsequent data received from the analyte sensor, the processor 207 of the
receiver unit 104 can determine a second analyte level and a second rate of change of the
analyte level (510). As described above, a subsequent medication dose can be determined
based upon the second analyte level and the second rate of change of the analyte level
(512). In some embodiments, determining the subsequent medication dose includes
determining a time at which to administer the subsequent medication dose as described
above. As with the initial dose, a user interface of the receiver unit 104 may provide a
prompt to the user to administer the subsequent dose. In some embodiments, the insulin
infusion section 105 can administer the subsequent medication dose and may request that
the user confirm that the dose should be administered. As noted above, the subsequent
dose may be calculated based at least in part on an updated determination of the analyte
level and the analyte rate of change relative to the threshold level and threshold rate of
change.

[0062] Various other modifications and alterations in the structure and method of operation
of the embodiments of the present disclosure will be apparent to those skilled in the art
without departing from the scope and spirit of the present disclosure. Although the present
disclosure has been described in connection with certain embodiments, it should be
understood that the present disclosure as claimed should not be unduly limited to such
embodiments. It is intended that the following claims define the scope of the present
disclosure and that structures and methods within the scope of these claims and their

equivalents be covered thereby.
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WHAT IS CLAIMED IS:
1. A method, comprising:

determining a first analyte level and a first rate of change of the analyte level based on
analyte data received from an in vivo analyte sensor;

determining an initial medication dose based on one or more anticipated subsequent
medication doses, the first analyte level relative to an analyte level threshold, and the first
rate of change of the analyte level relative to a rate of change threshold;

providing an indication to administer the initial medication dose;

determining a second analyte level and a second rate of change of the analyte level
based on subsequent analyte data received from the in vivo analyte sensor; and

determining a subsequent medication dose based on the second analyte level relative
to the analyte level threshold and the second rate of change of the analyte level relative to the

rate of change threshold.

2. The method of claim 1, further comprising providing an indication to administer the

subsequent medication dose.

3. The method of claim 2, wherein the in vivo analyte sensor is part of an integrated
analyte monitoring system including a processor adapted to determine analyte levels and rate

of change of analyte levels based on the analyte data from the in vivo analyte sensor.
4. The method of claim 3, wherein providing the indication to administer the initial
medication dose and the subsequent medication dose includes administering the medication

doses via an automated medication delivery system.

5. The method of claim 4, wherein the automated medication delivery system is part of

the integrated analyte monitoring system.

6. The method of claim 2, wherein the administration of the subsequent medication dose

occurs in response to an input at a user interface.
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7. The method of claim 1 wherein determining the initial medication dose includes

determining a time for determining the subsequent medication dose.

8. An apparatus, comprising:
a processor; and
a memory coupled to the processor and operative to store instructions executable by
the processor, the instructions including:
determine a first analyte level and a first rate of change of the analyte level
based on analyte data received from an in vivo sensor;
determine an initial medication dose based on one or more anticipated
subsequent medication doses, the first analyte level relative to an analyte level
threshold, and the first rate of change of the analyte level relative to a rate of change
threshold;
provide an indication to administer the initial medication dose;
determine a second analyte level and a second rate of change of the analyte
level based on subsequent analyte data received from the in vivo sensor; and
determine a subsequent medication dose based on the second analyte level
relative to the analyte level threshold and the second rate of change of the analyte

level relative to the rate of change threshold.

9. The apparatus of claim 8, wherein the instructions further include an instruction to

provide an indication to administer the subsequent medication dose.

10.  The apparatus of claim 9, wherein the instruction to provide the indications to
administer the initial and subsequent medication doses include instructions to provide a

message to a user via a user interface.

11.  The apparatus of claim 9, wherein the instructions to provide the indications to
administer the initial and subsequent medication doses include instructions to transmit signals
to an automated medication delivery system to administer the initial and subsequent

medication doses.
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12. The apparatus of claim 11, wherein the instructions to transmit a signal to the
automated medication delivery system to administer the subsequent medication dose occurs

in response to an input at a user interface.

13. The apparatus of claim 8 wherein the instruction to determine the initial medication
dose includes an instruction to determine a time at which to determine the subsequent

medication dose.

14. A system, comprising:
an analyte sensor, configured to be transcutaneously positioned through a skin layer
and maintained in fluid contact with an interstitial fluid under the skin layer during a
predetermined time period, the analyte sensor having a proximal portion and a distal portion;
sensor electronics coupled to the analyte sensor, the sensor electronics including:
a circuit board having a conductive layer and a sensor antenna disposed on the
conductive layer; and
one or more electrical contacts provided on the circuit board and coupled with
the proximal portion of the analyte sensor to maintain electrical communication; and
a receiver unit including:
a processor; and
a memory coupled to the processor and operative to store instructions
executable by the processor, the instructions including:
determine a first analyte level and a first rate of change of the analyte
level based on analyte data received from the analyte sensor;
determine an initial medication dose based on one or more anticipated
subsequent medication doses, the first analyte level relative to an analyte level
threshold, and the first rate of change of the analyte level relative to a rate of
change threshold;
provide an indication to administer the initial medication dose;
determine a second analyte level and a second rate of change of the
analyte level based on subsequent analyte data received from the analyte

sensor; and
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determine a subsequent medication dose based on the second analyte
level relative to the analyte level threshold and the second rate of change of

the analyte level relative to the rate of change threshold.

15. The system of claim 14, wherein the instructions further include an instruction to

provide an indication to administer the subsequent medication dose.

16.  The system of claim 15, wherein the instructions to provide the indications to
administer the initial and subsequent medication doses include instructions to provide a

message to a user via a user interface.

17.  The system of claim 15, wherein the instructions to provide the indications to
administer the initial and subsequent medication doses include instructions to transmit signals
to an automated medication delivery system to administer the initial and subsequent

medication doses.

18.  The system of claim 17, wherein the instructions to transmit a signal to the automated
medication delivery system to administer the subsequent medication dose occurs in response

to an input at a user interface.

19.  The system of claim 17 wherein the system includes the automated medication

delivery system coupled to the receiver unit.
20. The system of claim 14 wherein the instruction to determine the initial medication

dose includes an instruction to determine a time at which to determine the subsequent

medication dose.
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