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DESCRIPTION

Description

TECHNICAL FIELD

[0001] The present invention relates generally to an integrated diabetes management system,
and more particularly, to the use of exogenous data to predict alarms and to manage glucose
levels.

BACKGROUND

[0002] Glucose monitoring systems for patients afflicted with diabetes may incorporate various
functionalities, including a capability to project or predict alarms to warn patients and/or provide
information related to expected glucose levels, for example. Various factors may affect glucose
levels; however, glucose monitoring systems generally only have access to certain types of
information and factors (i.e., the monitored information). Thus, the projected alarms generated
by such glucose monitoring systems are based on limited data and, although quite helpful, may
be less reliable than if additional relevant information and factors were taken into account in
projecting the alarms.

[0003] In a continuous glucose management ("CGM") system, it is possible to predict if the
glucose is going to cross a hypoglycemic or hyperglycemic threshold in the future by using the
CGM data. One way to do this it so estimate the rate-of-change of the glucose and project
from the latest glucose point to some time in the future. While this projected alarm is helpful,
there can be a significant number of false alarms and misdetections. These often occur when
the glucose level of the patient changes direction, which often occurs. These changes are
caused by physiological effects (the body's production if insulin), insulin boluses, meal intake,
exercise, and other causes.

[0004] In the past, continuous glucose monitoring and continuous insulin delivery are
accomplished by different pieces of hardware devices that do not share data. Each device
provides real time management tools for diabetes and insulin delivery respectively. With the
convergence of continuous glucose monitoring and insulin pumps, real-time management tools
could be developed that will enhance the existing tools and provide new real-time management
functionalities that did not exist before.

[0005] For example, the FreeStyle Navigator® system from Abbott Diabetes Inc, Alameda,
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California, a continuous glucose monitor, provides a projected low glucose (hypoglycemia)
alarm function using the trend of the glucose profile and the rate of change of glucose to
predict when the glucose reading would fall below the low threshold that can be set by the
user. The user can set the alarm sensitivity to receive a warning of up to thirty minutes prior to
the low glucose event. With the addition of insulin delivery data, for example, the "insulin on
board" information from the insulin pump, then we would be able to enhance the reliability of
the projected low glucose alarm to be provided earlier and provide a tool for the user to figure
out the amount of carbohydrates to take to prevent the low blood glucose from occurring.

[0006] As used herein, the term "exogenous" data is meant to encompass measurements
other than glucose measurements.

[0007] On the other hand, many therapy parameters that govern the real time bolus decision
using the insulin pump can be better adjusted and refined with the availability of the continuous
glucose information. For example, many smart pumps today provide a way to calculate the
amount of insulin to cover a food or meal event through the use of the carbohydrate ratio (also
referred to as "carb ratio" herein) and the bolus calculator. However, the precise carbohydrate
ratio to use is an empirically derived number. With the continuous glucose data available, the
"accuracy" of the carbohydrate ratio used for a food bolus calculation may be assessed in real
time to provide adjustment guidance for refining the carbohydrate ratio for use in the
subsequent food or meal event.

[0008] Hence those of skill in the art have recognized a need for increased reliability of
projected glucose alarms. Those skilled in the art have also recognized the need for the instant
or near-instant incorporation of exogenous data to further increase the reliability and
effectiveness of projected alarms. A further need has been recognized for providing tools to
more accurately control glucose levels; and further, those skilled in the art have identified a
need for the use of exogenous data in fine tuning the management of a diabetic patient's
glucose control. The present invention fulfils these needs and others.

[0009] WO-A1-2008/151452 describes a method for visualization of a parameter which is
measured continuously on or in a human body, in particular a glucose concentration, in which
the following steps are carried out: first of all, a measured value range for the measured
parameter is subdivided into two or more subranges. Trend information is then calculated
relating to the future expected profile of the measured parameter on the basis of two or more
measured values. A time period after which it is predicted that the measured parameter will
have left its current subrange is calculated based on a current value of the measured
parameter and the calculated trend information and, finally the determined time period is
displayed. An apparatus for carrying out a method such as this comprises a measurement
apparatus, a system controller with a computer and with a memory unit and a display. A
computer program product for carrying out a method such as this on an appropriate apparatus
is likewise disclosed. On the basis of the calculation and display of a time period after which the
measured parameter will have departed from one subrange to another, it is possible for a
patient to assess, even without detailed knowledge of the medical relationships, the effects of
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his action at a time which he can comprehend on the basis of the prognoses available to him,
and if appropriate to take corrective actions.

[0010] US-A1-2008/300572 describes a monitor device for a fluid infusion system and its
operating, display, and data processing characteristics are described herein. One embodiment
of the monitor device is used in an insulin infusion system having an insulin infusion pump and
a continuous glucose sensor transmitter. The monitor device is configured as a wireless
bedside monitor that wirelessly receives status data from a device in the fluid infusion system,
such as the infusion pump or the sensor transmitter. The monitor device supports a number of
user interface features, alarm/alert features, and graphical display features, where such
features enhance the overall operation and user-friendliness of the monitor device. For
example, the monitor device can generate status icons that graphically indicate the time
remaining for an exhaustible operating quantity of a device in the infusion system (e.g., a
battery charge, a fluid reservoir volume, or a calibration or replacement period). The monitor
device can also estimate future measurements of a physiological characteristic of a monitored
patient, based upon empirical measurement data received by the monitor device.

[0011] WO-A1-2009/049252 describes methods and apparatus for determining analyte
concentration in a sample such as bodily fluid. Systems and methods disclosed herein can also
include a treatment dosing system to infuse or inject a treatment drug (e.g. insulin or glucose)
and provide glycemic control. The dose of the treatment drug may be based on the
concentration of the analyte or the average value for the concentration of the analyte and/or
the rate of change of the value of the concentration of the analyte.

[0012] US-B1-6923763 describes a method which utilizes blood glucose ("BG") sampling,
insulin infusion/injection records, heart rate ("HR") information and heart rate variability ("HRV")
information to estimate BG in the near future and to estimate of the risk of the onset of
hypoglycemia. The invention also relates to an apparatus for predicting BG levels and for
assessing the risk of the onset of hypoglycemia in the near future. The invention is based on
two predetermined bio-mathematical routines: a network model of BG fluctuations and a BG
profile for assessment of the risk of hypoglycemia.

SUMMARY OF THE INVENTION

[0013] The invention is set out in claim 1 and preferred features are set out in the dependent
claims. Briefly and in general terms, the invention is directed to a system and method for
processing glucose level measurement data with exogenous data to result in more reliable
projected alarms and to enable tuning of patient-specific insulin data.

[0014] In accordance with the invention, there is provided an integrated glucose monitoring
system, comprising a memory configured to store data relating to at least two measurements
of a physiological glucose level in a patient, wherein the two measurements are taken at
different time points tl and t2, a safe range of glucose for the patient; and at least one other
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medically relevant patient-specific data point of exogenous data, a user interface comprising a
visual display, and a processor comprising computer-executable instructions to determine a
rate of change between the at least two glucose level measurements and based on the
determined rate of change, further determine a glucose level at a future time t3, process the
glucose level determined for time t3 with the stored exogenous data to result in an integrated
glucose level for time t3, and provide an alarm at the user interface if the projected integrated
glucose level for time t3 is outside the safe range.

[0015] According to the claimed invention, the exogenous data comprises medically relevant
patient-specific data including insulin on board information. The exogenous data can further
include at least one of insulin sensitivity, prior carbohydrate intake, basal rate, and available
insulin bolus. The processor comprises a further computer-executable instruction to determine
a recommended change to one or more of the medically relevant data points, the change
comprising a therapeutic response. The recommended therapeutic response comprises one or
more of an insulin bolus, intake of a particular level of carbohydrates, and temporary change to
a basal insulin rate. The processor comprises a further computer-executable instruction to
display the recommended therapeutic response on the visual display. The user interface
comprises a graphical user interface on the visual display and an input device for
communicating data and instructions from a patient to the processor, and wherein the alarm
comprises a visual alarm provided on the graphical user interface.

[0016] In other aspects, the integrated glucose monitoring system further comprises a
communication module configured to communicate with an insulin delivery pump engaged with
the patient to acquire patient-specific insulin delivery data including insulin on board, wherein
the processor processes the glucose level determined for time t3 from the rate of change data
as a function of the insulin delivery data received from the delivery pump to result in the
integrated glucose level for time t3. Additionally, a communication module is configured to
communicate an alarm to a remote location wirelessly or by wired connection. The processor
also comprises a further computer-executable instruction to control the communication module
to communicate measured glucose level data, and alarms to a remote location.

[0017] In accordance with a method, which does not fall within the scope of the claimed
subject-matter, there is provided a method of integrated glucose monitoring, comprising storing
data relating to at least two measurements of a physiological glucose level in a patient, wherein
the two measurements are taken at different time points t1 and t2, storing a safe range of
glucose for the patient, storing at least one other medically relevant patient-specific data point
of exogenous data, determining a rate of change between the stored at least two glucose level
measurements and based on the determined rate of change, further determining a glucose
level at a future time t3, processing the glucose level determined for time t3 with the stored
exogenous data to result in an integrated glucose level for time t3, and providing an alarm if
the projected integrated glucose level for time t3 is outside the stored safe range.

[0018] In further method aspects, the invention is directed to a method for reducing false
alarms in managing projected alarms related to glucose levels, comprising determining a rate



DK/EP 3936032 T3

of change between at least two glucose level measurements taken at different time points t1
and t2, identifying whether an expected glucose level at a future time point t3 is above or below
a target glucose level, determining a recommended change to one or more medically relevant
data points comprising determining a therapeutic response if a difference between the
expected glucose level and the target glucose level exceeds a preset warning value, and
identifying whether the recommended change to one or more of the medically relevant data
points has been performed at a predetermined time point t4 before future time point t3 has
been reached, wherein an alarm is provided only where the recommended change to one or
more of the medically relevant data points has not been performed at the predetermined time
point t4, thereby reducing false alarms. In additional aspects, the expected glucose level is a
function of the rate of change between the at least two glucose level measurements and at
least one or more of the medically relevant data points. The one or more medically relevant
data points is selected from the group of insulin on board, insulin sensitivity, prior carbohydrate
intake, basal insulin, available insulin bolus; projection time, insulin action time, carbohydrate
ratio, carbohydrate uptake time.

[0019] In yet a further detailed aspect, the recommended therapeutic response comprises one
or more of a particular insulin bolus, intake of a particular level of carbohydrates, and
temporary change to a basal insulin level.

[0020] An integrated glucose management system for tuning patient-specific insulin data,
comprises a memory configured to record and store data representing measurements of
physiological glucose levels in a patient, and to store exogenous data in the form of attributes
tagged to the stored glucose measurement data, a user interface comprising a visual display
and an input device configured to receive and communicate user input data and instructions,
and a processor comprising computer-executable instructions to record multiple series of
glucose level measurement data into the memory during defined time periods, tag each of the
recorded series of glucose level measurement data with exogenous attributes including a
profile name, wherein the name of the profile is selected to identify the data recording as
belonging to a particular category of patient conditions, access the memory to retrieve a
plurality of profiles having the same profile name, compare the recorded data of the plurality of
retrieved profiles to detect a persistent pattern of undesirable measured glucose levels existing
in the plurality of profiles, provide an alarm at the user interface if a persistent pattern is
detected in the data of the retrieved plurality of profiles, and provide a recommended change
to be made to tune the patient-specific insulin data as a result of the detected persistent
pattern, and display the recommended change on the user interface.

[0021] In more detailed aspects of the integrated glucose management system, the computer-
executable instructions include an excess insulin manager configured to provide a plurality of
alternative recommended changes to the patient-specific insulin data. The excess insulin
manager is further configured to prioritize a recommended increase in carbohydrate intake
lower than recommended changes to insulin delivery. The exogenous patient-specific insulin
data comprises basal rate, carb ratio, and insulin sensitivity. The profiles include a skip-meal
profile, a meal test profile, and a correction bolus test profile. The processor comprises a



DK/EP 3936032 T3

further computer-executable instruction to require that a minimum number of profiles must be
outside the safe range before a recommendation will be provided. The processor comprises a
further computer-executable instruction to require that all profiles retrieved for comparison
must have been recorded within a selected time period. The processor comprises a further
computer-executable instruction to require that a recommendation for change of basal rate,
carb ratio, and insulin sensitivity cannot exceed a predetermined amount.

[0022] In further detailed aspects, the integrated glucose management system includes a
communication module permitting wireless or wired communication to and from the system to
a remote location for alarms, recommended changes, patient-specific insulin data, and other
data. A health care provider at a remote location may override limitations on recommended
changes. Patient glucose measurements and other medical data may be stored remotely for
access by the patient's health care providers or other authorized personnel.

BRIEF DESCRIPTION OF THE DRAWINGS

[0023] Various features and advantages of the disclosure will become more apparent by the
following detailed description of several embodiments thereof with reference to the attached
drawings, of which:

FIG. 1 is a graph providing the change in patient glucose resulting from changes in basal rate
over time showing in particular the increase in glucose with a lowered basal rate and a
decrease in glucose with a higher basal rate;

FIG. 2 is a graph that displays patient glucose versus time related to changes in carb ratio and
carbohydrate bolus, according to an embodiment;

FIG. 3 is a graph that displays the effect of more accurate projected alarms when an
unexpected rise in glucose occurs taking the glucose to a hyperglycemic state, showing the
effect that early insulin delivery can have;

FIG. 4 is a graph of glucose versus time that illustrates the result of the delivery of a correction
bolus when insulin sensitivity is considered;

FIG. 5 illustrates a block diagram of an integrated continuous glucose monitoring and insulin
pump system, according to an embodiment in which more reliable projected alarms are
provided and in which profiles of continuous glucose monitoring data are produced for tuning
of exogenous patient-specific insulin data for more accurate control over a patient's glucose
levels;

FIG. 6 is a flow chart illustrating a method for managing glucose levels, projections, and alarms
related to glucose levels, according to an embodiment; and

FIG. 7 is a flow chart showing a profile recording feature in accordance with aspects of the
invention in which profiles are formed of continuous glucose data of the patient and are used to
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determine fine tuning of patient-specific insulin values to achieve better control over a patient's
glucose levels.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0024] Reference will now be made in detail to various embodiments of the invention,
examples of which are illustrated in the accompanying drawings, wherein like reference
numerals refer to like or corresponding elements throughout. While the embodiments are
described with detailed construction and elements to assist in a comprehensive understanding
of the various applications and advantages of the embodiments, it should be apparent however
that the embodiments can be carried out without those specifically detailed particulars. Also,
well-known functions or constructions will not be described in detail so as to avoid obscuring
the description with unnecessary detail. It should be also noted that in the drawings, the
dimensions of the features are not intended to be to true scale and may be exaggerated for
the sake of allowing greater understanding.

[0025] An integrated continuous glucose monitoring (CGM) and medication delivery system,
such as an insulin pump, is highly advantageous as two types of information (i.e., continuous
glucose monitoring information (e.g., glucose trend and profile information) and continuous
insulin delivery information from the medication delivery system) may be combined for various
calculations, predictions, and analyses useful in managing a person's diabetes. Examples of
the calculations, predictions, and analyses include, but are not limited to: a projected alarm for
providing a warning for insulin excess and carbohydrate requirements; a temporary basal
manager for managing basal rate reduction through temporary basal control; a basal rate
tuner for adjusting basal rate using continuous glucose information; a carbohydrate ratio tuner
for adjusting carbohydrate ratio used in a bolus calculator for administering food bolus; and a
correction factor tuner for adjusting insulin sensitivity in a bolus calculator for administering a
correction bolus.

[0026] As used herein, the term "project” or "projected” is synonymous with "predict” or
"predicted” and "forecast” or "forecasted.”

[0027] As noted above, information related to meals and insulin delivery may affect a projected
alarm. For example, if a projected hyperglycemia alarm were about to occur, but information
related to a recent insulin bolus delivery were provided, then the projected alarm may be
desirably delayed as it may be unnecessary due to the effect that the recent bolus delivery will
have.

[0028] More specifically, a CGM system may predict if a glucose level is going to cross a
hypoglycemic or hyperglycemic threshold based upon monitored glucose data, such as rate-of-
change and the projected glucose level. However, the glucose level may change direction due
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to, for example, physiological effects (e.g., production of insulin), bolus, meal intake, exercise,
and other factors. The change in direction may have the effect of the glucose level not crossing
a threshold, thus making a projected alarm unnecessary. Thus, taking into account the factors
noted above (e.g., physiological effects (e.g., production of insulin), bolus, meal intake,
exercise, and other factors), it can then be determined if a projected alarm is indeed
necessary, thereby increasing the efficacy of the projected alarm in its predictive capability
features.

[0029] Examples of the increased reliability of the predictive capability features when insulin
delivery and meal information are taken into account include the following: (i) if the projected
alarm feature indicates that the hyperglycemic event was going to happen soon, but a bolus
occurred ten minutes prior, the projected alarm may be cancelled; (ii) if a projected low glucose
alarm was about to occur but a meal event was recently entered, the projected alarm may be
cancelled; (iii) if a projected low glucose alarm was about to occur but an insulin bolus was
recently given, then the projected alarm may be initiated immediately instead of waiting for the
previously scheduled time; and (iv) if the presence of "exogenous" data, such as insulin on
board (IOB), suggests that the patient is in an "insulin excess" state, then the projected alarm
may be initiated when in the absence of the IOB information, such projected alarm would not
be indicated.

[0030] To implement a projected alarm that provides a warning for insulin excess and to
provide carbohydrate requirements, the following factors may by utilized to determine when a
patient's glucose level will fall below an acceptable limit: current glucose level, insulin on board
("IOB"), insulin sensitivity, carbohydrate ratio, and duration of insulin action. Other factors may
also be taken into account. As used herein, the "carbohydrate ratio" refers to the amount of
carbohydrates required for each unit of insulin. According to the claimed invention, the
integrated glucose monitoring system uses insulin on board to provide at least one of an alarm
or a recommended therapeutic response at a user interface if the integrated glucose level at a
future time is outside of a glucose safe range.

[0031] The two scenarios in Table 1 below may be used to illustrate the projected alarm
feature, according to an embodiment, in which a patient's current glucose level is 173 mg/dL. A
response in each scenario may differ depending on the availability of IOB information. The
presence of IOB information can enhance the time horizon of a low glucose (hypoglycemia)
projected alarm over one that is based solely on using glucose rate of change information.
Table 1

Scenario 1 Scenario 2
Current glucose {173 mg/dL 173 mg/dL
Insulin on board {NO I0OB 4.6 units
(I10B) information
Carb ratio 12 grams 12 grams
Target glucose 100 mg/dL 100 m g/dL
level
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Scenario 1 Scenario 2

Insulin sensitivity {45.6 mg/L 45.6 mg/L

Alarm information{No alarm is Indicate projected low glucose alarm. Glucose
indicated. level will fall below low threshold of 70 mg/dL in

about 2.5 hours.

This calculation is based on insulin action
profile, insulin action time, and insulin
sensitivity.

In this example, glucose will fall below 70
mg/dL when 2.26 units of insulin are used up.
Assume a linear insulin action profile for the
purpose of the illustration; this is about (~49%
of current insulin on board amount) 2.5 hours if
time of insulin action is set at 5 hours.

Possible Patient needs {In addition to initiating a projected low glucose
Recommendation{1.6 units of alarm, provide a potential avoidance strategy:
insulin bolus.  {needs 36 g of carbohydrates to cover the
excess insulin.

[0032] With scenario 2 illustrated above in Table 1, an enhanced projected hypoglycemic
alarm based on the use of the exogenous insulin on board, and with the availability of
personalized therapy parameters like insulin sensitivity, carb ratio, and target BG, may signal to
the patient that within approximately 2.5 hours, a low glucose level will be reached.

[0033] According to another embodiment, an "excess insulin manager” can provide a
recommendation to avoid the future low glucose level depending on the type of information
available to the system. For example, in Table 1, Scenario 2, with the availability of the
particular patient's carb ratio, the excess insulin manager can provide the recommendation to
take 369 of carbohydrates now.

[0034] A temporary basal approach, according to another embodiment, operates to determine
a basal reduction necessary to compensate for excess insulin on board, when additional
access and control of the insulin delivery rates are available. With the same example in
Scenario 2 of Table 1, the "excess insulin manager" can provide a different option to deal with
excess insulin by reducing the future basal insulin delivery by programming a temporary basal
insulin reduction. This alternative may be preferred because the user would not need to eat
additional carbohydrates, which tend to add weight to the patient. Furthermore, the "excess
insulin manager" could provide the means for the user to take both options to offset the excess
insulin; i.e., take additional carbohydrates and make a temporary basal reduction.

[0035] Table 2 below shows that multiple recommendations may be possible after the initiation
of the low alarm depending on access to insulin delivery information and control. In Table 2,
Scenario 2 is the same as Scenario 2 in Table 1 except for the "possible recommendation” in
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that in Table 2, multiple recommendations are provided due to the presence of the basal rate

information.
Table 2
Scenario 2 Scenario 3

Current glucose {173 mg/dL 173 mg/dL
Insulin on board {4.6 units 4.6 units
(I10B)

Carb ratio 12 grams 12 grams
Target glucose 100 mg/dL 100 mg/dL
level

Insulin sensitivity {45.6 mg/L 45.6 mg/dL

Basal insulin
delivery rate

Alarm information

Indicate projected low glucose
alarm. Glucose level will fall
below low threshold of 70
mg/dL in about 2.5 hours.

Indicate projected low glucose
alarm. Glucose level will fall
below low threshold of 70
mg/dL in about 2.5 hours.

This calculation is based on
insulin action profile, insulin
action time, and insulin
sensitivity.

This calculation is based on
insulin action profile, insulin
action time, and insulin
sensitivity.

In this example, glucose will fall
below 70 mg/dL

In this example, glucose will fall
below 70 mg/dL

when 2.26 units of insulin is
used up. Assume a linear
insulin action profile for the
purpose of the illustration; this
is about (~49% of current
insulin on board amount) -2.5
hours if time of insulin action is
set at 5 hours.

when 2.26 units of insulin is
used up. Assume a linear
insulin action profile for the
purpose of the illustration; this
is about (~49% of current
insulin on board amount) -2.5
hours if time of insulin action is
set at 5 hours.

Recommendation

No specific insulin rate
information:

With additional basal rate
information:

Needs 36 g of carbohydrates to
cover the excess insulin.

a) needs 36 g of carbohydrates
to cover the excess insulin

b) reduces future basal delivery
to offset the excess insulin
(2.34 units). Specific temp
basal rate and time can be
provided to facilitate quick
setting of the rate on an
integrate pump.

c) combination of both - wizard
like process can guide the user
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Scenario 2 Scenario 3

through determining how much
carbs to take and how much
reduction in basal to make into
the future.

[0036] According to another embodiment, the "excess insulin manager” could be initiated by
the user, instead of being initiated by the occurrence of a projected hypoglycemia alarm. The
user may choose to turn off the projected alarm and use the "excess insulin manager" features
on-demand. An example would be where the user wants to check for excess insulin right
before going to bed so that he or she can take appropriate measures to avoid nocturnal
hypoglycemia.

[0037] The production of continuous glucose data by a CGM system offers the ability to fine
tune various glucose management factors to permit more accurate control of a patient's
glucose levels. For patients having an insulin pump, a basal rate of insulin delivery is typically
assigned for the purpose of maintaining constant control over the patient's glucose level.
Additionally, a carb ratio, mentioned above, is determined for each patient based on that
patient's characteristics, which is used to determine the amount of carbohydrates that will
cover, or neutralize, one unit of insulin in that particular patient. Insulin amounts and
calculations of carbohydrate amounts for this patient are determined by his or her carb ratio.
Also, the individual patient's sensitivity to insulin or "correction factor" is determined and is used
to calculate the speed with which insulin affects the patient, also a factor in determining when
and how much insulin to deliver to that patient. To provide further control over the patient's
glucose, a profile recording feature is provided.

[0038] The "profile recording feature" that can be enabled by the user to record the glucose
data from the CGM system as a particular "profile." User action may be used to set the start
and end times of the profile recording or the user may "tag" an event in which case the
processor will initiate and terminate the data recording and label that recorded data as a
particular user profile. For example, the profile recording may require user input of the start
time and the end time. The start time could be manually entered, or automatically entered if it
corresponds to the time of certain user or device action, such as the start of a meal bolus, the
start of a correction bolus, etc. The end time could be manually entered by the user or it could
correspond to the completion of certain user or device action. These profiles can be
categorized by the type of user actions, analyzed, and displayed in reports for use in fine
tuning glucose management factors. A specific rule engine can be implemented to provide
actionable recommendations to the user based on the output of the recorded profiles.

[0039] Some examples of rules that may be implemented are: 1) rule for persistent/recurring
profile, e.g., require a minimum numbers of profiles, N, all of which must be greater than the
target or all of which must be less than the target by certain amount X before a
recommendation for a change in a factor can be given; 2) rule for usable profile for analysis;
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e.g., only a test measured within the last two weeks can be used for analysis for an insulin
recommendation; data that is too old could be irrelevant now; 3) rule for refreshing the profile
queue; more profiles must be entered into the queue after every insulin change that has taken
place, or after X amount of time has elapsed since the first recording; and 4) rule for safety,
that is, only allow an increase in basal insulin of ten percent at a time and set the maximum
incremental change possible for the carb ratio and the correction factor.

[0040] The above rule engine settings can be set by the user or by the health care provider
("HCP") depending on the sophistication of the user. Also, the user's diabetes management
devices may have possible security and lock out features so that only the HCP can set the
rules without allowing the user to change them.

[0041] According to one embodiment, a "skip-meal test" feature is provide to the user to allow
the user to mark the CGM data during the meal that is skipped for the purpose of fine-tuning
the basal rate. Upon a user's initiating the "skip-meal test," the user will be given a chance to
choose the start time of the skip-meal test (either the at the time when the "skip-meal test” is
initiated on the user's interface ("UI"), or the user will be given the means to set a time prior to
when the "skip-meal test” is initiated). The system will then record the CGM data starting from
the user-indicated start time to form a skip-meal test profile. The recording of this CGM profile
will end upon a certain user indication through the device Ul, a spike in the CGM signal, or a
certain device event (e.g., a meal bolus).

[0042] A "skip meal profile” report similar to FIG. 1 may be used to analyze and visualize the
recorded "skip-meal" profiles. With reference to FIG. 1 ("Basal Rate Tuner"), a graph 200 is
provided to help the user decide whether a basal rate adjustment may be needed based on
the recorded "skip meal profiles." The left vertical axis provides the glucose level in mg/dL in
this embodiment while the bottom horizontal axis provides time, starting with the start time of
the individual profile recording. The 120 mg/dL line 206 indicates the target glucose level. The
dashed line 208 above that level indicates a higher glucose level than target, which may
indicate that an increase in basal rate should be effected. The dashed line 210 below target
206 indicates a low glucose and that perhaps the basal rate should be lowered. If persistent
pattern is observed in the skip-meal profiles over a certain time, an appropriate action can be
recommended by the "basal rate tuner"” to fine tune the basal rate to get it closer to the target
level 206. However, if a persistent pattern is not observed over time, such a recommendation
may not be made since the data does not clearly indicate that a continuous problem exists.

[0043] A "carb tuner” is also provided in which a "meal test" feature is provided to the user.
With this feature, the meal test allows the user to start recording the CGM data to form a meal
test profile after a "meal event,” that profile representing the glucose response for that meal.
Typically, a patient takes an insulin bolus prior to the start of a meal to manage the likely
increasing spike in glucose level that eating a meal causes. That meal bolus for the patient is
calculated using the patient's carb ratio. The meal test feature permits the patient to ascertain
whether his or her carb ration needs tuning.



DK/EP 3936032 T3

[0044] The start of the recording of CGM data is based on a user prompt, a user entered meal
event, or a device-driven event such as a meal bolus. The end of the recording of CGM data
for that profile is based on user prompt or a pump device related parameter, such as the
insulin action time. Appropriate meal bolus parameters such as the carb ratio will be saved as
an attribute that will be associated with the profile. Additional user-entered or device related-
tags, such as food description and meal type (breakfast, lunch, dinner, snack, etc.) can also be
added as attributes that can be associated with the recorded profile.

[0045] A "meal test' report, similar to that shown in FIG. 2, may be used to analyze and
visualize the recorded "meal test” profiles for the purpose of fine tuning the user's
carbohydrate ratio used in a bolus calculator for recommending food bolus amounts at meal
times in an integrated CGM and insulin pump system.

[0046] With further reference to FIG. 2 ("Carbohydrate Ratio Tuner"), a graph 220 provides
information related to the user's carbohydrate ratio. The left vertical axis provides the user's
glucose level while the bottom horizontal axis provides time. The graph illustrates when to
increase the patient's carbohydrate ratio (and decrease the carbohydrate bolus) and when to
decrease the patient's carbohydrate ratio (and increase the carbohydrate bolus). The 100
mg/dL solid line glucose level 226 is the target glucose level and the effects of a meal, taken at
6 pm are seen with the three representative lines. A correct carb ratio is shown with the middle
dashed line 228 showing a modest increase in glucose following the mean with a drop back to
near target glucose level at about 9 pm. However, the upper dashed line 230 shows an
undesirable increase in glucose indicating a carb ration that is too high. The line 230 may
indicate that a decrease in the carb ratio should be determined for this patient, depending on
whether a persistent pattern exists over time.

[0047] The lower dashed line 232 indicates that the glucose level dropped much lower than
desired after the meal thus indicating that the carb ratio is too low and should be raised. As
with the highest glucose line on the figure, i.e., line 230, a change in the carb ratio for this
patient may be needed depending on whether a persistent pattern appears over a period of
time. Such a persistent pattern in glucose levels, as determined by the integrated CGM and
insulin pump system, is utilized to calculate a change recommendation in carb ratio for the
patient. Additional data labels can be used to show the various profile attributes to
interpretation.

[0048] In another embodiment, a collection of "meal test profiles" may be accessed by the
patient prior to meal bolus events. A "meal bolus profile" queue may be implemented as part of
the carb ratio selector during a meal bolus calculation process, in which the patient can select
the carb ratio based on the previously recorded profile. The queue may indicate a carb ratio to
use for meal bolus events. The results in the queue may be standardized, according to an
embodiment, to group together multiple meal bolus events so that a general modification
recommendation may be generated. Such collected profiles may be characterized by a
particular meal, such as breakfast or other, and may be further characterized by the type of
food to be eaten for that meal. The patient may then want to select the profile that provided the
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best glucose control for that prior event and have that previous carb ratio applied to the
present meal event.

[0049] Moreover, the "meal test profile” and "carbohydrate ratio tuner” features may provide
the means to add a warning mechanism for an under-bolus alarm in which under-dosing of
food bolus insulin occurs if the food bolus profile deviates from an expected pattern based on
the selected recorded "meal test profile". For example and with reference to FIG. 3
("Carbohydrate Ratio Tuner - Early Warning" with glucose level at the vertical left axis and time
at the bottom horizontal axis), a graph 240 is provided that indicates an expected glucose level
246, as well as possible ranges of the expected glucose level based on previously recorded
profiles. Ameal is consumed at 0 minutes with a glucose level of 120 mg/dL. A possible range
is shown with an upper solid line 248 and the lower dashed line 250. The expected glucose
level 246 is shown with the dotted line. The under-bolus alarm may be generated to indicate a
need for patient intervention even if a hyperglycemia alarm is not triggered.

[0050] A third tuner is the insulin sensitivity factor or correction factor. A "correction bolus test"
feature is provided to allow the user to record the CGM data profile after a correction bolus
delivery for the purpose of fine-tuning the insulin sensitivity factor that may be implemented in
the integrated CGM and insulin pump system. The start of the recording is based on a user
prompt, a user entered correction bolus event, or a device-driven event such as a correction
bolus. The end of the recording is based on a user prompt or a pump-device related
parameter, such as the insulin action time. Appropriate correction bolus parameters, such as
the insulin sensitivity factor, will be saved as an attribute that will be associated with the
correction bolus profile. Additional user-entered or device-related tags (e.g., time of day) can
also be added to the stored data as attributes that can be associated with the recorded profile.

[0051] A "correction bolus test' report, similar to FIG. 4, may be used to analyze and visualize
the recorded "meal test” profiles for the purpose of tuning the carbohydrate ratio used in a
bolus calculator for recommending food bolus amounts in an integrated CGM and insulin pump
system.

[0052] With reference to FIG. 4 ("Insulin Sensitivity Tuner"), correction bolus information is
displayed in graph 260, indicating a need to either increase insulin sensitivity (decrease
correction bolus) or decrease insulin sensitivity (increase correction bolus). The glucose level is
shown as the vertical left axis while once again time is shown as the bottom horizontal axis. In
this case, all the "correction test profiles" with an insulin bolus delivery at 6 pm are plotted in a
representative plot to illustrate the possible action based on the representative pattern of the
profiles. The correct insulin sensitivity is shown as the middle dashed line 266. If the "correction
test profiles” show a persistent pattern in regard to the upper dashed line 268 or the lower
dashed line 270, appropriate actionable recommendations can be suggested to the user.

[0053] In yet another embodiment, these "correction bolus test" profiles related to insulin
sensitivity adjustments may conveniently be provided prior to correction bolus events. The
previously recorded profiles may be placed in a "correction bolus profile" queue for access by a
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patient. The results of the queue may be standardized, according to an embodiment, to group
together multiple bolus results for a general modification recommendation for an upcoming
correction bolus event. Should the patient experience a situation identical or similar to one of
the profiles, he or she may select a profile from the queue for use of that sensitivity with the
present situation.

[0054] With reference now to FIG. 5, a block diagram of an integrated CGM and insulin pump
system 600, according to an embodiment, is illustrated. The integrated CGM and insulin pump
system 600 may operate to manage alarm projections and alarms related to glucose levels.
The system is also configured and programmed to produce profiles from CGM data to be used
in tuning certain glucose management factors, as discussed above.

[0055] The system 600 may include, according to an embodiment, a glucose monitoring and
management portion as well as an insulin infusion pump that stores or otherwise acts upon
data relating to glucose measurements, carbohydrate intake values, and other data of interest
in diabetes management.

[0056] The system 600 may include a glucose sensor 601, a transmitter unit 602 coupled to
the sensor 601, and a primary receiver unit 604 which is configured to communicate with the
transmitter unit 602 via a communication link 603. Those of ordinary skill in the art will readily
recognize that the sensor represented as element 601 may include a drug delivery device,
such as an insulin infusion system which includes a transmitter and, if so, that the principles of
data preservation and transfer disclosed herein would apply as well to such a system.
Therefore, system 600 as depicted in FIG. 5 will be understood to be representative rather
than limiting of the arrangements of medical data receivers and transmitters with which the
present invention may be used.

[0057] The primary receiver unit 604 may be configured to receive data from the transmitter
unit 602 and may be further configured to transmit data to a data processing terminal/infusion
section 605 for evaluating the data received by the primary receiver unit 604. Moreover, the
data processing terminal/infusion section 605 in one embodiment may be configured to receive
data directly from the transmitter unit 602 via a communication link 607 which may optionally
be configured for bi-directional communication.

[0058] Also shown in FIG. 5 is a secondary receiver unit 606 which is operatively coupled to
the communication link 603 and configured to receive data transmitted from the transmitter unit
602. Moreover, as shown in FIG. 5, the secondary receiver unit 606 is configured to
communicate with the primary receiver unit 604 as well as the data processing
terminal/infusion section 605. The secondary receiver unit 606 may be configured for bi-
directional wireless communication with each of the primary receiver unit 604 and the data
processing terminal/infusion section 605. As discussed in further detail below, in one
embodiment, the secondary receiver unit 606 may be configured to include a limited number of
functions and features as compared with the primary receiver unit 604. As such, the secondary
receiver unit 606 may be configured substantially in a smaller compact housing, for example.
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Alternatively, the secondary receiver unit 606 may be configured with the same or substantially
similar functionality as the primary receiver unit 604 and may be configured to be used in
conjunction with a docking cradle unit for placement by bedside, for night time monitoring, for
example, and/or a bi-directional communication device.

[0059] Only one sensor 601, transmitter unit 602, communication link 603, and data
processing terminal/infusion section 605 are shown in the integrated CGM and insulin pump
system 600 illustrated in FIG. 5. However, the system 600 may include one or more sensors
601, transmitter units 602, communication links 603, and data processing terminal/infusion
sections 605. In a multi-component environment, each device is configured to be uniquely
identified by each of the other devices in the system so that communication conflict is readily
resolved between the various components within the system 600.

[0060] In an embodiment, the sensor 601 is physically positioned in or on the body of a user
whose analyte (e.g., glucose) level is being monitored. The sensor 601 may be configured to
continuously sample the analyte level of the user and convert the sampled analyte level into a
corresponding data signal for transmission by the transmitter unit 602. In one embodiment, the
transmitter unit 602 is physically coupled to the sensor 601 so that both devices are positioned
on the user's body, with at least a portion of the analyte sensor 601 positioned
transcutaneously under the skin layer of the user. The transmitter unit 602 performs data
processing such as filtering and encoding on data signals, each of which corresponds to a
sampled analyte level of the user, for transmission to the primary receiver unit 604 via the
communication link 603.

[0061] In an embodiment, the system 600 is configured as a one-way RF communication path
from the transmitter unit 602 to the primary receiver unit 604. In such embodiment, the
transmitter unit 602 transmits the sampled data signals received from the sensor 601 without
acknowledgement from the primary receiver unit 604 that the transmitted sampled data signals
have been received. For example, the transmitter unit 602 may be configured to transmit the
encoded sampled data signals at a fixed rate (e.g., at one minute intervals) after the
completion of the initial power on procedure. Likewise, the primary receiver unit 604 may be
configured to detect such transmitted encoded sampled data signals at predetermined time
intervals. Alternatively, the integrated CGM and insulin pump system 600 may be configured
with a bi-directional RF (or otherwise) communication between the transmitter unit 602 and the
primary receiver unit 604.

[0062] In operation, upon completing a power-on procedure, the primary receiver unit 604 is
configured to detect the presence of the transmitter unit 602 within its range based on, for
example, the strength of the detected data signals received from the transmitter unit 602 or a
predetermined transmitter identification information. Upon successful synchronization with the
corresponding transmitter unit 602, the primary receiver unit 604 is configured to begin
receiving from the transmitter unit 602 data signals corresponding to the user's analyte level as
detected by the sensor 601. More specifically, the primary receiver unit 604 in an embodiment
is configured to perform synchronized time hopping with the corresponding synchronized
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transmitter unit 602 via the communication link 603 to obtain the user's detected analyte level.

[0063] Referring again to FIG. 5, the data processing terminal/infusion section 605 may
include, as examples, a personal computer, a portable computer such as a laptop or a
handheld device (e.g., personal digital assistants (PDAs)), and the like, each of which may be
configured for data communication with the receiver via a wired or a wireless connection. The
data processing terminal/infusion section 605 includes a processor that includes computer-
executable instructions for performing various functions and processing related to, for
example, data transmitted and received within the system 600. Additionally, the data
processing terminal/infusion section 605 may further be connected to a data network 620 for
storing, retrieving, and updating data corresponding to the detected analyte level of the user,
for example. Other types of data and information may also be stored, retrieved, and updated.

[0064] The data processing terminal/infusion section 605 may include an infusion device such
as an insulin infusion pump or the like, which may be configured to administer insulin to a
patient 622, and which may be configured to communicate with the receiver unit 604 for
receiving, among others, the measured analyte level. Alternatively, the receiver unit 604 may
be configured to integrate an infusion device therein so that the receiver unit 604 is configured
to administer insulin 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 sensor 601 through the transmitter unit
602.

[0065] Additionally, the transmitter unit 602, the primary receiver unit 604, and the data
processing terminal/infusion section 605 may each be configured for bi-directional wireless
communication such that each of the transmitter unit 602, the primary receiver unit 604, and
the data processing terminal/infusion section 605 may be configured to communicate (that is,
transmit data to and receive data from) with each other via the wireless communication link
603. More specifically, the data processing terminal/infusion section 605 may in an
embodiment be configured to receive data directly from the transmitter unit 602 via the
communication link 607, where the communication link 607, as described above, may be
configured for bi-directional communication.

[0066] The data processing terminal/infusion section 605 which may include an insulin pump,
may be configured to receive the analyte signals from the sensor 601 through the transmitter
unit 602, and thus, incorporate the functions of the receiver 604 including data processing for
managing the patient's insulin therapy and analyte monitoring. In an embodiment, the
communication link 603 may include one or more of an RF communication protocol, an
infrared communication protocol, a Bluetooth enabled communication protocol, an 802.11x
wireless communication protocol, or an equivalent wireless communication protocol which
would allow secure, wireless communication of several units (for example, per HIPPA
requirements) while avoiding potential data collision and interference.

[0067] Additional detailed description of a continuous analyte monitoring system and its
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various components including the functional descriptions of the transmitter are provided in US
Patent No. 6,175,752 issued January 16, 2001 entitled "Analyte Monitoring Device and
Methods of Use,” in US Application No. 10/745,878 filed December 26, 2003 entitled
"Continuous Glucose Monitoring System and Methods of Use,” and in US Application No.
12/024,101 filed January 31, 2008 entitled "Method and System for Determining Analyte
Levels," each of which is assigned to the Assignee of the present application.

[0068] With further reference to FIG. 5, a display 608 is provided as part of the integrated
CGM and insulin pump system 600. According to an embodiment, the display 608 may be part
of the data processing terminal/infusion section 605. For example, the display 608 may be a
monitor of the data processing terminal/infusion section 605, which may be a personal
computer or a portable computer. Alternatively, the display 608 may be a separate component
coupled to the transmitter unit 602 and/or the data processing terminal/infusion section 605
respectively via communication links 609 and 610. The communication links 609 and 610,
similar to the link 603 described above, may incorporate a wireless communication protocol for
secure, wireless communication. Or, the communication links 609 and 610 may be directly or
indirectly wired.

[0069] The display 608 may include a graphical user interface for displaying received and/or
processed information to a patient or other user. The received and/or processed information
may come from various and multiple sources, such as the sensor unit 601, the transmitter unit
602, and/or the data processing terminal/infusion section 605. For example, as described
above, the transmitter unit 602 may be configured to receive data from the sensor unit 601,
while the primary receiver unit 604 may be configured to receive data from the transmitter unit
602 and may be further configured to transmit data to the data processing terminal/infusion
section 605 for evaluating the data received by the primary receiver unit 604. The evaluated
data, as processed by the data processing terminal/infusion section 605, may then be
displayed on the graphical user interface of the display 608, for example.

[0070] The evaluated data may be displayed in various forms and/or representations, such as
charts, graphs, and/or tables. The evaluated data may simply be presented as a list or bulleted
items on the display 608. According to an embodiment, the evaluated data may include graphs
200, 220, 240, and 260 as described above and as processed by the data processing
terminal/infusion section 605 with both data from the sensor unit 601 and the insulin pump
incorporated in the data processing terminal/infusion section 605.

[0071] With further reference to FIG. 5, the integrated CGM and insulin pump system 600
includes one or more memory components 611 configured to store various data and/or
datasets. The one or more memory components 611 may be part of the data processing
terminal/infusion section 605, and/or the one or more memory components 61 1 may be
separate components residing, for example, in an external server or data network 620.

[0072] According to an embodiment, the memory component 611 stores data related at least
to the following: measurements of a physiological glucose level in a patient (endogenous data);



DK/EP 3936032 T3

a target glucose level for the patient (exogenous data); and one or more medically relevant
data points (exogenous data). including insulin on board and optionally at least one of insulin
sensitivity, prior carbohydrate intake, basal rate of insulin, carb ratio, available insulin bolus,
profiles of CGM data, and other. The exogenous data of a patient's basal rate, carb ratio, and
insulin sensitivity are patient-specific and are related to insulin. These may also be referred to
as exogenous patient-specific insulin values.

[0073] The measurements of a physiological glucose level in a patient may include two
measurements taken at different time points # and {2, for example. The measurements may be
taken from the sensor unit 601 at predetermined time points #/ and {2 as established by the
patient or another, such as a clinician, or other health care provider. The time points {/ and {2
may be provided to the system 600 through use of the graphical user interface on the display
608. Alternatively, the time points #/ and {2 may be randomly selected by the data processing
terminal/infusion section 605 based upon monitored and/or processed criteria, for example. As
an example, the physiological glucose level of the patient may be continuously monitored and
processed, and the data processing terminal/infusion section 605 may select two or more of
the monitored levels.

[0074] The target glucose level for the patient, also stored in the memory component 611, may
be established by the patient or a clinician or other healthcare professional. The target glucose
level may be provided to the system 600 through use of the graphical user interface on the
display 608. Alternatively, the target glucose level may be sent to the system 600 from a
remote server or data network 620.

[0075] The other medically relevant data points stored in the memory component 611 may be
data that is monitored and/or otherwise processed by the integrated glucose monitoring and
insulin pump system 600. For example, and as described in further detail above with respect to
FIGS. 1-5, the data may be exogenous and related to insulin delivery and meal information
and includes insulin on board and optionally insulin insulin sensitivity, prior carbohydrate intake,
carb ratio, basal insulin rate, and available insulin bolus. Such exogenous data, along with the
target glucose level may be input to the memory 611, processor 605 and other parts of the
system through various means, one of which includes a keyboard that is connected with the
memory 611 or the processor 605. Such data may also be received from a remote source
through the network 620 which may be in wired or wireless contact with other sources.

[0076] The computer-executable instructions of the data processing terminal/infusion section
605 may operate to process data stored in the memory component 611. For example, the
instructions may operate to determine a rate of change between the glucose level
measurements and an expected glucose level at a future time point t3. According to an
embodiment, the time point t3 may be up to thirty minutes after the time point {2, for example.
The computer-executable instructions may be further configured to identify whether this
expected glucose level is above or below the target glucose level established for the patient.
According to an embodiment, the expected glucose level may be a function of the rate of
change between the two glucose level measurements as well as the medically relevant data
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point or points.

[0077] The computer-executable instructions may be further configured to provide an alarm if
a difference between the expected glucose level and the target glucose level exceeds a preset
warning value. The preset warning value may be established by the patient, a clinician, or
other health care provider and may be provided to the system 600 through a graphical user
interface of the display 608 or through other means as discussed above. The alarm may be in
various forms, such as a sound alarm that serves to be audibly delivered to the patient, a
visual alarm provided via the display 608 through the graphical user interface, a vibratory
alarm, an email or other message delivered to a device of the patient, or a combination
thereof.

[0078] The data processing terminal/infusion section 605, through the computer-executable
instructions, may be further configured to determine and provide a recommended change to
one or more of the medically relevant data point or points or factors. Such a recommended
change may include, for example, a therapeutic response, such as a particular insulin bolus,
intake of a particular level of carbohydrates, and/or a change or changes to exogenous data
factors, such as the basal insulin level, the carb ratio, or the insulin sensitivity The
recommended therapeutic response may be displayed on the display 608 for ease in
recognition by the patient. According to the claimed invention, at least one of an alarm or a
recommended therapeutic response is provided at the user interface if the integrated glucose
level at a future time is outside of a glucose safe range.

[0079] The alarm and/or the recommended change may take the form of, for example, the
graphs 200, 220, 240, and 260 (FIGS. 1, 2, 3, and 4). Additionally, the alarm and/or
recommended change may be in the form of tables, such as Table 1 and Table 2 provided
above. Profiles of CGM data may also be provided for review and selection by the patient, as
discussed above. The patient may review the profiles, the comparisons of the profiles that
show a persistent pattern and may retune one of more of the exogenous data in accordance
with a processor's analysis of those profiles. For example, the patient may lower his or her
basal rate to be consistent with the results of the profiles of the basal test by making the
change on a keyboard through programming of the processor 605 or by use of a different user
interface, such as the graphical user interface provided on the display 608. On the other hand,
a patient may select a stored profile similar to the present conditions and command the
processor to apply the stored profile's attributes to management of the patient's diabetes
presently. Further, the processor may perform the safety checks of any exogenous data
changes at this time to be sure that requested data changes are not inconsistent with the
safety rules.

[0080] With reference to FIG. 6, a flow chart illustrates a method for managing projections and
alarms related to glucose levels.

[0081] At 701, a rate of change between at least two glucose level measurements of a patient
taken at different time points ¢/ and {2 is determined.



DK/EP 3936032 T3

[0082] At 702, an expected glucose level at a future time point {3 is determined which is a
function of the rate of change between the at least two glucose level measurements and a
function of at least one other medically relevant data point selected from exogenous data,
including insulin on board and optionally insulin sensitivity, prior carbohydrate intake, basal
insulin, and available insulin bolus, for example. According to an embodiment, the time point {3
may be up to thirty minutes after the time point {2. Other time intervals may be used, however,
and the time point {3 may be any amount of time following the time point #/ and the time point
f2.

[0083] At 703, a determination is made as to whether the expected glucose level at the time
point t3, as determined at 702, is above or below a target glucose level established for the
patient. If the expected glucose level is equal to the target glucose level or within a safe range,
the process may continue back to 701 to determine a new rate of change between at least two
glucose level measurements of the patient.

[0084] If it is determined at 703 that the expected glucose level is above or below the target
glucose level or outside a safe range, a determination is made as to whether the difference
between the expected glucose level and the target glucose level exceeds a preset warning
value at 704, as may be established depending upon the patient and other factors. If the
difference does not exceed the preset warning value, the process may continue back to 701 to
determine a new rate of change between at least two glucose level measurements of the
patient.

[0085] However, if the difference exceeds the preset warning value, an alarm is provided at
705 to warn the patient and/or clinician of the expected glucose level. The alarm may be one
or more of a visual alarm, an audible alarm, a vibratory alarm, and a message sent to the
patient and/or clinician. If the alarm is a visual alarm, the alarm may be provided on the
graphical user interface of the display 608, for example.

[0086] At 706, a recommended change to one or more of the medically relevant data points is
determined. The determination of the recommended change may include, for example,
determining a therapeutic response, which may, include a particular insulin bolus, intake of a
particular level of carbohydrates, temporary change to a basal insulin level, change carb ratio,
or change insulin sensitivity. Other therapeutic or tuning responses may also be established
and used.

[0087] At 707, the recommended change is displayed on a visual display, which may include a
graphical user interface. For example, the recommended change may be provided on the
graphical user interface.

[0088] An automatic response to an alarm may also be provided. For example, if an alarm is
provided that is indicative of a very low glucose level, provision of an insulin bolus may be
locked out at insulin pump system 600; e.g., by operation of a switch triggered in response to
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the alarm, preferably subject to manual override to ensure the availability of an insulin bolus if
medically necessary.

[0089] According to embodiments of the present invention, methods are provided to increase
reliability of projected alarms and reduce false alarms, which is highly desirable for improving
the management of the user's medical condition. For example, in one embodiment a
hyperglycemic projected alarm is provided in which false alarms are reduced. The method is
provided as follows:

1. a) for every measurement of physiological glucose level in a patient performed by the
CGM, the projected glucose is calculated based on the latest glucose reading, latest
glucose trend estimate and projection time, which is generally a predetermined amount
of time (e.g., 20 minutes), for example: projected glucose = current glucose + trend *
projected time;

2. b) if the projected glucose exceeds a predetermined hyperglycemic threshold (e.g., 300
mg/dL), then proceed to (c); and

3. ¢) if an insulin bolus greater than a predetermined amount (e.g., 1 Unit) has not been
delivered within a predetermined time (e.g., 20 minutes), then assert the projected
alarm; otherwise, do not assert the projected alarm.

[0090] In another embodiment, a hypoglycemic projected alarm is provided in which reliability
is increased and false alarms are reduced. For example, the method is provided as follows:

1. a) for every measurement of physiological glucose level in a patient performed by the
CGM, the projected glucose is calculated based on the latest glucose reading, latest
glucose trend estimate and projection time, which is generally a predetermined amount
of time (e.g., 20 minutes), for example: projected glucose = current glucose + trend *
projected time;

2. b) if the projected glucose falls below a predetermined hypoglycemic threshold (e.g., 60
mg/dL), then proceed to (c); and

3. ¢) if a meal event greater than a predetermined amount (e.g., 1 Carb) has not been
delivered within a predetermined time (e.g., 20 minutes), then assert the projected
alarm; otherwise do not assert the projected alarm.

[0091] In related embodiments, hyperglycemic and hypoglycemic alarms similar to those
described above are contemplated in which (a) and (b) compare the current glucose level in a
patient to a predetermined threshold. In other related embodiments, (¢) of the above
hyperglycemic and hypoglycemic alarms may be modified such that even if the event (e.g.,
meal or insulin bolus event) occurs within the predetermined time, if the projected glucose level
exceeds a second, more extreme threshold, the alarm is asserted. One of skill in the art would
understand that all predetermined parameters (e.g., predetermined amounts and times) may
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be selectable by the patient or user:

Varying degrees of complexity are contemplated, for the above projected hyperglycemic and
hypoglycemic alarms including elaborate model-based projected alarm as described further
below. Accordingly, in yet another embodiment of the present invention, a model-based
projected alarm is provided in which reliability is increased and false alarms are reduced. The
method is provided as follows:

1. a) for every measurement of physiological glucose level in a patient performed by the
CGM, the projected glucose is calculated based on one or more glucose readings;
projection time (predetermined, e.g., 20 minutes); an exogenous parameter or
parameters, for example one or more insulin/meal/exercise information parameters
(e.g., bolus or meal amount and relative time of occurrence); and/or model parameters
such as insulin sensitivity, insulin action time, carbohydrate ratio, carb uptake time, basal
rate, or the like; and

2. b) if the projected glucose exceeds a predetermined hyperglycemic alarm threshold
(e.g., 300 mg/dL), or falls below the hypoglycemic alarm threshold (e.g., 60 mg/dL), then
the appropriate projected alarm is asserted.

[0092] In addition to potentially reducing the incidence of false alarms and thereby making
projected alarms more reliable, the projected alarm may actually become more responsive with
the additional inputs of meals and insulin; that is, the alarm may occur sooner than if these
additional inputs were absent. For example, a patient's glucose may be at 100 mg/dL and
trending downward, but not fast enough to alone trip the projected hypoglycemic alarm at this
point in time. However, if a bolus occurs and is included in the projected alarm computation,
the model may predict a more accurate projected glucose that will trip the projected alarm at
this point in time. As discussed above, one of skill in the art would understand that all
predetermined parameters described may be defined by the patient or user.

[0093] Turning now to FIG. 7, there is shown a flow chart of the process of forming and
analyzing profiles of CGM data for "tuning" patient-specific insulin data values, such as the
patient's basal delivery rate of insulin, the patient's insulin sensitivity, and the patient's carb
ratio, all of which are used by the patient in the delivery of carbohydrates and insulin to control
the patient's glucose levels. These tuners are discussed above.

[0094] Referring in detail to FIG. 7, the first step is one in which the recording of CGM data is
started during a test or other selected time period 720, such as a basal test, skip-meal test,
meal-test, or other. The means of starting the recording of the data may be a manual start
signal from the patient or an automatic start control as discussed above. At the end of the test
period or when sufficient CGM data has been collected, the recording feature is ended 722
either manually by the patient, such as by entering a stop signal at a keyboard, or by an
automatic end recording feature, as discussed above. In certain cases, attributes are added to
the recorded data file 724. As discussed above, such attributes may be varied but in one
example, they may take the form of tagging the recorded CGM data as being "breakfast” data,
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or "high fat meal" data, or "post-prandial’ data or others. Such data tagging can be highly
useful in locating profiles of CGM data of similar past events that are stored in the memory 611
(FIG. 5). For example when a patient intends to consume a meal similar to one recently
consumed, and in which the patient's glucose was successfully controlled to the desired safe
range, the patient may desire to locate the stored CGM profile for that previous meal. That
stored CGM profile would include not only recorded glucose data for that meal, but would also
include patient-specific insulin data values, such as the patient's basal rate, the patient's insulin
sensitivity, and the patient's carb ratio. In accordance with a feature on the invention, the
previously-stored similar profiles may be made available to the patient from the memory 611
on the display 608 or in printing, so that the patient may study them and select one, if desired.
The patient may choose to assign those patient specific insulin values to determining the pre-
meal insulin bolus for this new meal by selecting one of these stored profiles by a keyboard
stroke, or by a visual touch panel stroke, or by other user interface means. Other exogenous
patient data is also considered, such as insulin-on-board, in calculating the pre- meal bolus.

[0095] Stored profiles of previous events of this type are retrieved by the processor 728 from
the memory 611 (FIG. 5). For example, the patient may retrieve all stored breakfast profiles.
The processor then compares the stored profiles to one another to attempt to identify any
persistent pattern. Such a pattern, as an example, may be seen in FIG. 2 in dashed line 232.
Should the processor identify that in all stored profiles, or in a certain number of them, the
patient's glucose level follows line 232 of FIG. 2, the processor may indicate that a persistent
pattern exists in which the patient's glucose falls too low after consuming a meal. In this case,
the processor would indicate in box 732 that a persistent pattern has been identified and would
proceed to box 734 in which a change in the pre-meal insulin bolus is recommended so that a
glucose level line more resembling 228 could be obtained. Such finding of a persistent pattern
and recommended change in pre-meal insulin bolus may be presented to the patient by the
display 608, it may also be stored in memory 611, it may be communicated to the patient's
physician over a network 620 for storage and review by the physician or other health care
provide, and/or may be printed for the patient.

[0096] The patient then has the option in this embodiment to accept the recommended
exogenous data value change 736. If the change is accepted at box 736, such as a basal rate
change, that change in the patient-specific insulin basal rate delivery will be implemented and
the process begins again at box 720. However, if the comparison of multiple stored profiles
730 did not find a persistent pattern 738, no changes are recommended to the patient's
exogenous insulin data and the process begins again at box 720.
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Krav:

. Integreret glukoseovervagningssystem (600), omfattende:

en hukommelse (611), som er konfigureret til at lagre data relateret til mindst to
glukosemalinger for en bruger, et glukosesikkert interval og eksogene data, hvori de
eksogene data omfatter medicinsk relevante patientspecifikke data, indbefattende
information om aktivt insulin i kroppen, hvori de mindst to glukosemalinger for brugeren er
pa forskellige tidspunkter t1 og t2;
en brugergreenseflade omfattende et display (608); og
en processor (605) omfattende computer-eksekverbare instruktioner til:
at bestemme (701) en eendringshastighed baseret pa de mindst to glukosemalinger for
brugeren; og
baseret pad den bestemte eendringshastighed, at bestemme (702) et planlagt
glukoseniveau pa et fremtidigt tidspunkt t3;
at behandle det planlagte glukoseniveau bestemt pa det fremtidige tidspunkt t3 med de
lagrede eksogene data for at resultere i et integreret glukoseniveau for tidspunktet t3;
0g
i brugergraensefladen at tilvejebringe mindst én af en alarm (705) eller et anbefalet
terapeutisk respons (707) , hvis det integrerede glukoseniveau pa fremtidigt tidspunkt
t3 er uden for det glukosesikre interval.

. Integreret glukoseovervagningssystem ifalge krav 1, hvori de eksogene data yderligere

omfatter mindst én af data om insulinfalsomhed, data om tidligere kulhydratindtag, data
om basalinsulinhastighed, data om kulhydratforhold eller data om tilgeengelig insulinbolus.

. Integreret glukoseovervagningssystem ifalge krav 1 eller 2, hvori det anbefalede

terapeutiske respons svarer til en eller flere af: en insulinbolus, indtagelse af et bestemt
kulhydratniveau og midlertidig aendring til en basalinsulinhastighed.

. Integreret glukoseovervagningssystem ifalge ethvert af de foregaende krav, hvori

brugergreensefladen er en grafisk brugergreenseflade og omfatter en inputindretning til at
kommunikere data og instruktioner fra brugeren til processoren, valgfrit hvori mindst én af
alarmen eller det anbefalede terapeutiske respons er visuelt tilvejebragt pa den grafiske

brugergreenseflades display.

. Integreret glukoseovervagningssystem ifglge ethvert af de foregdende krav, yderligere

omfattende et kommunikationsmodul, som er konfigureret til at kommunikere med en
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insulintilfarselspumpe, som er koblet til en patient for at indsamle data om insulintilfarsel,
indbefattende informationen om aktivt insulin i kroppen, og hvori processoren omfatter en
yderligere computer-eksekverbar instruktion til yderligere at bestemme, om det
integrerede glukoseniveau pa fremtidigt tidspunkt t3 er uden for det glukosesikre interval
baseret pa de indsamlede data om insulintilfarsel.

. Integreret glukoseovervagningssystem ifalge ethvert af de foregdende krav, yderligere

omfattende et kommunikationsmodul, som er konfigureret til, tradlost eller via kablet
forbindelse, at kommunikere mindst én af alarmen eller det anbefalede terapeutiske
respons til en fjern lokalitet.

. Integreret glukoseovervagningssystem ifalge ethvert af de foregaende krav, hvori de

mindst to glukosemalinger for brugeren modtages fra en kontinuerlig

glukoseovervagningssensor.
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