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Description

FIELD

[0001] The present systems and methods relate to
processing analyte sensor data from a continuous ana-
lyte sensor. More particularly, the present systems and
methods relate to providing accurate predictive alarms
to a user.

BACKGROUND

[0002] Diabetes mellitus is a disorder in which the pan-
creas cannot create sufficient insulin (Type I or insulin
dependent) and/or in which insulin is not effective (Type
2 or non- insulin dependent). In the diabetic state, the
victim suffers from high blood sugar, which can cause an
array of physiological derangements associated with the
deterioration of small blood vessels, for example, kidney
failure, skin ulcers, or bleeding into the vitreous of the
eye. A hypoglycemic reaction (low blood sugar) can be
induced by an inadvertent overdose of insulin, or after a
normal dose of insulin or glucose-lowering agent accom-
panied by extraordinary exercise or insufficient food in-
take.
[0003] Conventionally, a person with diabetes carries
a self-monitoring blood glucose (SMBG) monitor, which
typically requires uncomfortable finger pricks to obtain
blood samples for measurement. Due to the lack of com-
fort and convenience associated with finger pricks, a per-
son with diabetes normally only measures his or her glu-
cose levels two to four times per day. Unfortunately, time
intervals between measurements can be spread far
enough apart that the person with diabetes finds out too
late of a hyperglycemic or hypoglycemic condition, some-
times incurring dangerous side effects. It is not only un-
likely that a person with diabetes will take a timely SMBG
value, it is also likely that he or she will not know if his or
her blood glucose value is going up (higher) or down
(lower) based on conventional methods. Diabetics thus
may be inhibited from making educated insulin therapy
decisions.
[0004] Another device that some diabetics use to mon-
itor their blood glucose is a continuous analyte sensor.
A continuous analyte sensor typically includes a sensor
that is placed subcutaneously, transdermally (e.g., tran-
scutaneously), or intravascularly. The sensor measures
the concentration of a given analyte within the body, and
generates a signal that is transmitted to electronics as-
sociated with the sensor.
[0005] One of the major perceived benefits of a con-
tinuous analyte sensor is the ability of these devices to
have alarms to alert the diabetic user of hyperglycemic
or hypoglycemic events before they occur. Additionally,
it is desirable for these alarms to be accurate, so that a
user does not become de-sensitized from their alarm go-
ing off, such that they ignore it because it has become a
nuisance. The present disclosure addresses these

needs.
[0006] US2011/193704 discloses an analyte monitor-
ing device having a user interface with a display and a
plurality of actuators. The display is configured to render
a plurality of display screens, including a home screen
and an alert screen. The home screen is divided into a
plurality of simultaneously displayed panels, with a first
panel displays a rate of change of continuously monitored
analyte levels in interstitial fluid, a second panel simulta-
neously displays a current analyte level and an analyte
trend indicator, and a third panel displays status informa-
tion of a plurality of components of the device. When an
alarm condition is detected, the display renders the alert
screen in place of the home screen, the alert screen dis-
playing information corresponding to the detected alarm
condition. This citation discloses a user interface includ-
ing a graph which may also display alarm icons that in-
dicate when particular alarms, such as a high glucose
threshold alarm, a low glucose threshold alarm, a pro-
jected high glucose alarm, and a projected low glucose
alarm, were output by the analyte monitoring device. The
graph also includes lower glucose target indicator and
an upper glucose target indicator. Values corresponding
to the lower glucose target indicator and the upper glu-
cose target indicator may be changed by a user or may
only be changed by a healthcare professional. Further-
more, the actuators are configured to affect further output
of the analyte monitoring device corresponding to the
detected condition.
[0007] US2008/033254 discloses systems and meth-
ods for detecting noise episodes and processing analyte
sensor data responsive thereto. In some embodiments,
processing analyte sensor data includes filtering the sen-
sor data to reduce or eliminate the effects of the noise
episode on the signal.
[0008] W. A Sandham et al: "Blood glucose prediction
for diabetes therapy using a recurrent artificial neural net-
work" teaches expert short-term management of diabe-
tes through good glycaemic control, necessary to delay
or even prevent serious degenerative complications de-
veloping in the long term, due to consistently high blood
glucose levels (BGLs). Good glycaemic control may be
achieved by predicting a future BGL based on past BGLs
and past and anticipated diet, exercise schedule and in-
sulin regime (the latter for insulin dependent diabetics).
This predicted BGL may then be used in a computerised
management system to achieve short-term normogly-
caemia. This paper investigates the use of a recurrent
artificial neural network for predicting BGL, and presents
preliminary results for two insulin dependent diabetic fe-
males.
[0009] Palerm, C et al: "Hypoglycemia Detection and
Prediction Using Continuous Glucose Monitoring-A
Study on Hypoglycemia Clamp Data" teaches refining
and validating the prediction algorithm based on the anal-
ysis of clinical hypoglycemic clamp data from 13 subjects.
The sensitivity and specificity of the predictions are cal-
culated with respect to reference blood glucose values
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obtained at the same sampling rate of the sensor.
[0010] WO2014/011488, a document that falls under
Article 54(3) EPC, discloses embodiments harnessing a
wide variety of capabilities of modern smartphones, and
combining these capabilities with information from a con-
tinuous glucose monitor to provide diabetics and related
people with more information than the continuous glu-
cose monitor can provide by itself. The increased infor-
mation provides the diabetic with an increased likelihood
of good diabetes management for better health. Dis-
closed therein is a continuous glucose monitor (CGM)
module that receives an input from a CGM, which is the
user’s estimated glucose value (EGV). The CGM module
processes the input by comparing it to one or more
threshold values, and determines that the user’s blood
glucose is low. Further disclosed therein is that the CGM
module may use a predictive algorithm to predict future
glucose values, where the algorithm’s parameters are
fixed, rather than user-settable.

SUMMARY

[0011] The present systems and methods relate to
processing analyte sensor data. Provided herein are sys-
tems and methods that allow a user to receive alerts or
alarms indicative of glycemic condition in a more accu-
rate and useful way. Consequently, the user may have
an improved user experience using such systems and
methods.
[0012] In a first aspect, a system for processing data
is provided, the system comprising: a continuous analyte
sensor configured to be implanted within a body; and
sensor electronics configured to receive and process
sensor data output by the sensor, the sensor electronics
coupled to a processor module, the processor module
configured to: apply a conversion function to sensor data,
the conversion function taking into account temperature
correction; evaluate sensor data using a first function to
determine whether a real time glucose value meets one
or more first criteria, wherein the one or more first criteria
comprises a first threshold that is configured to be setta-
ble; evaluate sensor data using a second function to de-
termine whether a predicted glucose value meets one or
more second criteria, wherein the one or more second
criteria comprises a second threshold that is a fixed value;
activate a hypoglycemic indicator if either the one or more
first criteria or the one or more second criteria are met;
and provide an output based on the activated hypoglyc-
emic indicator. In an embodiment of the first aspect, the
evaluating sensor data using a first function to determine
whether a real time glucose value meets one or more
first criteria comprises determining whether the real-time
glucose value passes a glucose threshold. In an embod-
iment of the first aspect, the evaluating sensor data using
a first function to determine whether a real time glucose
value meets one or more first criteria further comprises
determining whether an amplitude of rate of change or
direction of rate of change meets a rate of change crite-

rion. In an embodiment of the first aspect, the evaluating
sensor data using a first function to determine whether
the real time glucose value meets one or more first criteria
comprises evaluating a static risk of a substantially real
time glucose value. In an embodiment of the first aspect,
the evaluating sensor data using a second function to
determine whether the predicted glucose value meets
one or more second criteria comprises evaluating a dy-
namic risk of the predicted glucose value. In an embod-
iment of the first aspect, the second function comprises
an artificial neural network model that uses at least one
of exercise, stress, illness or surgery to determine the
predicted glucose value. In an embodiment of the first
aspect, the second function utilizes a first order autore-
gressive model to determine the predicted glucose value.
In an embodiment of the first aspect, the first order au-
toregressive model comprises a parameter alpha, and
wherein alpha is estimated recursively each time a sen-
sor data points is received. In an embodiment of the first
aspect, the first order autoregressive model comprises
a forgetting factor, a prediction horizon and a prediction
threshold tuned to provide no more than one additional
alarm per week based on a retrospective analysis com-
paring the use of the first function and the second function
together as compared to the first function alone. In an
embodiment of the first aspect, evaluating the sensor da-
ta using the first function and the second function allows
for increased warning time of hypoglycemic alerts without
substantially increasing the number of alerts as com-
pared to evaluating the sensor data using the first function
without evaluating the sensor data using the second func-
tion. In an embodiment of the first aspect, the second
function comprises a Kalman Filter to determine the pre-
dicted glucose value using as an input an estimate of the
rate of change of the blood glucose. In an embodiment
of the first aspect, the second function comprises a pre-
diction horizon that is not settable. In an embodiment of
the first aspect, the second function comprises a predic-
tion horizon that is adaptively set by the processor mod-
ule based on the first threshold. In an embodiment of the
first aspect, the hypoglycemic indicator comprises a flag
that has a particular set of instructions associated with it
depending on whether the hypoglycemic indicator was
activated based on the first function meeting the one or
more first criteria or whether the hypoglycemic indicator
was activated based on the second function meeting the
one or more second criteria. In an embodiment of the
first aspect, the output comprises at least one of an au-
dible, tactile or visual output, and wherein the output is
differentiated and/or provides information selectively
based on whether the hypoglycemic indicator was acti-
vated based on the first function meeting the one or more
first criteria or whether the hypoglycemic indicator was
activated based on the second function meeting the one
or more second criteria. In an embodiment of the first
aspect, providing output comprises transmitting a mes-
sage to an insulin delivery device including instructions
associated with at least one of: a) suspending insulin
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delivery, b) initiating a hypoglycemia and/or hyperglyc-
emia minimizer algorithm, c) controlling insulin delivery
or d) information associated with the hypoglycemia indi-
cator.
[0013] In a second aspect useful for the understanding
of the invention, a method of activating a hypoglycemic
indicator based on continuous glucose sensor data is
provided, the method comprising: evaluating sensor data
using a first function to determine whether a real time
glucose value meets one or more first criteria; evaluating
sensor data using a second function to determine wheth-
er a predicted glucose value meets one or more second
criteria; activating a hypoglycemic indicator if either the
one or more first criteria or the one or more second criteria
are met; and providing an output based on the activated
hypoglycemic indicator. In an example of the second as-
pect, the evaluating sensor data using a first function to
determine whether a real time glucose value meets one
or more first criteria comprises determining whether the
real-time glucose value passes a glucose threshold. In
an example of the second aspect, the evaluating sensor
data using a first function to determine whether a real
time glucose value meets one or more first criteria further
comprises determining whether an amplitude of rate of
change or direction of rate of change meets a rate of
change criterion. In an example of the second aspect,
the evaluating sensor data using a first function to deter-
mine whether the real time glucose value meets one or
more first criteria comprises evaluating a static risk of a
substantially real time glucose value. In an example of
the second aspect, the evaluating sensor data using a
second function to determine whether the predicted glu-
cose value meets one or more second criteria comprises
evaluating a dynamic risk of the predicted glucose value.
In an example of the second aspect, the second function
comprises an artificial neural network model that uses at
least one of exercise, stress, illness or surgery to deter-
mine the predicted glucose value. In an example of the
second aspect, the second function utilizes a first order
autoregressive model to determine the predicted glucose
value. In an example of the second aspect, the first order
autoregressive model comprises a parameter alpha, and
wherein alpha is estimated recursively each time a sen-
sor data points is received. In an example of the second
aspect, the first order autoregressive model comprises
a forgetting factor, a prediction horizon and a prediction
threshold tuned to provide no more than one additional
alarm per week based on a retrospective analysis com-
paring the use of the first function and the second function
together as compared to the first function alone. In an
example of the second aspect, evaluating the sensor da-
ta using the first function and the second function allows
for increased warning time of hypoglycemic alerts without
substantially increasing the number of alerts as com-
pared to evaluating the sensor data using the first function
without evaluating the sensor data using the second func-
tion. In an example of the second aspect, the second
function comprises a Kalman Filter to determine the pre-

dicted glucose value using as an input an estimate of the
rate of change of the blood glucose. In an example of the
second aspect, the one or more first criteria comprises
a first threshold that is configured to be user settable. In
an example of the second aspect, the one or more second
criteria comprises a second threshold that is not user
settable. In an example of the second aspect, the second
function comprises a prediction horizon that is not user
settable. In an example of the second aspect, the one or
more second criteria comprises a second threshold that
is adaptively set by the processor module based on the
first threshold. In an example of the second aspect, the
second function comprises a prediction horizon that is
adaptively set by the processor module based on the first
threshold. In an example of the second aspect, the hy-
poglycemic indicator comprises a flag that has a partic-
ular set of instructions associated with it depending on
whether the hypoglycemic indicator was activated based
on the first function meeting the one or more first criteria
or whether the hypoglycemic indicator was activated
based on the second function meeting the one or more
second criteria. In an example of the second aspect, the
output comprises at least one of an audible, tactile or
visual output, and wherein the output is differentiated
and/or provides information selectively based on whether
the hypoglycemic indicator was activated based on the
first function meeting the one or more first criteria or
whether the hypoglycemic indicator was activated based
on the second function meeting the one or more second
criteria. In an example of the second aspect, providing
an output comprises transmitting a message to aninsulin
delivery device including instructions associated with at
least one of: a) suspending insulin delivery, b) initiating
a hypoglycemia and/or hyperglycemia minimizer algo-
rithm, c) controlling insulin delivery or d) information as-
sociated with the hypoglycemia indicator.
[0014] In a third aspect useful for understanding the
invention, a method of transitioning between states as-
sociated with a host’s glycemic condition is provided, the
method comprising: evaluating sensor data from a con-
tinuous glucose sensor and activating an alert state
based on the sensor data meeting one or more active
transition criteria associated with a hypoglycemic condi-
tion or hyperglycemic condition; providing an output as-
sociated with the active alert state, wherein the output is
indicative of the hypoglycemic condition or hyperglyc-
emic condition; transitioning from the active state to an
acknowledged state for a time period responsive to at
least one of a user acknowledgment of the alert state or
data indicative of the host’s glucose trending toward eug-
lycemia; actively monitoring data associated with the
host’s hypoglycemic or hyperglycemic condition for a
time period in the acknowledged state; and transitioning
from the acknowledged state to at least one of an inactive
state or active state responsive to the data associated
with the host’s hypoglycemic or hyperglycemic condition
meeting one or more predetermined criteria. In an exam-
ple of the third aspect, the transitioning from the active
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state to an acknowledged state comprises transitioning
from the active state to the acknowledged state based
on the data indicative of the host’s glucose trending to-
ward euglycemia, wherein the data is selected from the
group consisting of a) sensor data indicative of a change
in glucose trend or b) insulin information associated with
a correction of the condition. In an example of the third
aspect, the transitioning from the active state to an ac-
knowledged state comprises transitioning from the active
state to the acknowledged state based on the a user ac-
knowledgment, wherein the data is selected from the
group consisting of a) a user acknowledgement of the
alert on a user interface or b) user input insulin informa-
tion or c) user input of meal information. In an example
of the third aspect, the actively monitoring comprises
monitoring at least one of the sensor data, sensor diag-
nostic information, meal information, insulin information,
or event information. In an example of the third aspect,
transitioning from the acknowledged state comprises
transitioning from the acknowledged state to the inactive
state based on the sensor data no longer meeting the
one or more criteria associated with a hypoglycemic con-
dition or hyperglycemic condition. In an example of the
third aspect, transitioning from the acknowledged state
comprises transitioning from the acknowledged state to
the inactive state based on the sensor data meeting one
or more inactive transition criteria, wherein the inactiva-
tion criteria are different from the one or more active tran-
sition criteria associated with a hypoglycemic condition
or hyperglycemic condition. In an example of the third
aspect, transitioning from the acknowledged state com-
prises transitioning from the acknowledged state to the
inactive state based on insulin data and/or meal informa-
tion. In an example of the third aspect, transitioning from
the acknowledged state comprises transitioning from the
acknowledged state to the active state based on the one
or more active transition criteria associated with a hy-
poglycemic condition or hyperglycemic condition being
met and based on an expiration of a predetermined time
period. In an example of the third aspect, after receiving
the user acknowledgement of the alert state and deter-
mining data is indicative of the host’s glucose trending
toward euglycemia, further comprising transitioning from
the acknowledged state to the active state based on the
host’s glucose trending away from euglycemia during the
active monitoring time period. In an example of the third
aspect, the method further comprises selectively output-
ting information associated with the state transition. In
an example of the third aspect, the output associated
with a transition to the active state is different from the
output association with a transition from the acknowl-
edged state to the inactive state.
[0015] In a fourth aspect useful for understanding the
invention, a system for processing data is provided, the
system comprising: a continuous analyte sensor config-
ured to be implanted within a body; and sensor electron-
ics configured to receive and process sensor data output
by the sensor, the sensor electronics including a proces-

sor configured to: evaluate sensor data from a continuous
glucose sensor and activating an alert state based on
the sensor data meeting one or more active transition
criteria associated with a hypoglycemic condition or hy-
perglycemic condition; provide an output associated with
the active alert state, wherein the output is indicative of
the hypoglycemic condition or hyperglycemic condition;
transition from the active state to an acknowledged state
for a time period responsive to at least one of a user
acknowledgment of the alert state or data indicative of
the host’s glucose trending toward euglycemia; actively
monitor data associated with the host’s hypoglycemic or
hyperglycemic condition for a time period in the acknowl-
edged state; and transition from the acknowledged state
to at least one of an inactive state or active state respon-
sive to the data associated with the host’s hypoglycemic
or hyperglycemic condition meeting one or more prede-
termined criteria. In an example of the fourth aspect, the
transitioning from the active state to an acknowledged
state comprises transitioning from the active state to the
acknowledged state based on the data indicative of the
host’s glucose trending toward euglycemia, wherein the
data is selected from the group consisting of a) sensor
data indicative of a change in glucose trend or b) insulin
information associated with a correction of the condition.
In an example of the fourth aspect, transitioning from the
active state to an acknowledged state comprises transi-
tioning from the active state to the acknowledged state
based on the a user acknowledgment, wherein the data
is selected from the group consisting of a) a user ac-
knowledgement of the alert on a user interface or b) user
input insulin information or c) user input of meal informa-
tion. In an example of the fourth aspect, the actively mon-
itoring comprises monitoring at least one of the sensor
data, sensor diagnostic information, meal information, in-
sulin information, or event information. In an example of
the fourth aspect, transitioning from the acknowledged
state comprises transitioning from the acknowledged
state to the inactive state based on the sensor data no
longer meeting the one or more criteria associated with
a hypoglycemic condition or hyperglycemic condition. In
an example of the fourth aspect, transitioning from the
acknowledged state comprises transitioning from the ac-
knowledged state to the inactive state based on the sen-
sor data meeting one or more inactive transition criteria,
wherein the inactivation criteria are different from the one
or more active transition criteria associated with a hy-
poglycemic condition or hyperglycemic condition. In an
example of the fourth aspect, transitioning from the ac-
knowledged state comprises transitioning from the ac-
knowledged state to the inactive state based on insulin
data and/or meal information. In an example of the fourth
aspect, transitioning from the acknowledged state com-
prises transitioning from the acknowledged state to the
active state based on the one or more active transition
criteria associated with a hypoglycemic condition or hy-
perglycemic condition being met and based on an expi-
ration of a predetermined time period. In an example of
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the fourth aspect, after receiving the user acknowledge-
ment of the alert state and determining data is indicative
of the host’s glucose trending toward euglycemia, further
comprising transitioning from the acknowledged state to
the active state based on the host’s glucose trending
away from euglycemia during the active monitoring time
period. In an example of the fourth aspect, the system
further comprises selectively outputting information as-
sociated with the state transition. In an example of the
fourth aspect, the output associated with a transition to
the active state is different from the output association
with a transition from the acknowledged state to the in-
active state.
[0016] In a fifth aspect useful for understanding the in-
vention, a method of determining when to re-alert a user
based after a user has acknowledged a first alert is pro-
vided, the method comprising: initially activating an alert
state based on one or more criteria based on data asso-
ciated with a hypoglycemic or hyperglycemic condition
being met; transitioning to an acknowledged state for an
predetermined active monitoring time period responsive
to at least one of a user acknowledgment or data indic-
ative of the host’s glucose trending toward euglycemia;
actively monitoring, by a processor module, data asso-
ciated with the host’s hypoglycemic or hyperglycemic
condition during the active monitoring time period; and
reactivating the first alert state during the acknowledge-
ment time period initiated by the data associated with the
host’s hypoglycemic or hyperglycemic condition meeting
one or more second criteria. In an example of the fifth
aspect, the second one or more criteria are different from
the first one or more criteria. In an example of the fifth
aspect, the method further comprises providing a first
output associated with the initially activating and provid-
ing a second output associated with the reactivating. In
an example of the fifth aspect, the first output and the
second output are different. In an example of the fifth
aspect, the second criteria comprise conditions indicative
of the host’s glucose trending toward euglycemia and
further comprise conditions indicative of the host’s glu-
cose trending away from euglycemia after trending to-
ward euglycemia during the active monitoring time peri-
od. In an example of the fifth aspect, the one or more
second criteria associated with reactivation comprise a
change in a real-time glucose value as compared to the
real-time glucose value associated with the initially acti-
vating.
[0017] In a sixth aspect useful for understanding the
invention, a system for processing data is provided, the
system comprising: a continuous analyte sensor config-
ured to be implanted within a body; and sensor electron-
ics configured to receive and process sensor data output
by the sensor, the sensor electronics including a proces-
sor configured to: initially activate an alert state based
on one or more criteria based on data associated with a
hypoglycemic or hyperglycemic condition being met;
transition to an acknowledged state for an predetermined
active monitoring time period responsive to at least one

of a user acknowledgment or data indicative of the host’s
glucose trending toward euglycemia; actively monitor da-
ta associated with the host’s hypoglycemic or hypergly-
cemic condition during the active monitoring time period;
and reactivate the first alert state during the acknowl-
edgement time period initiated by the data associated
with the host’s hypoglycemic or hyperglycemic condition
meeting one or more second criteria. In an example of
the sixth aspect, the second one or more criteria are dif-
ferent from the first one or more criteria. In an example
of the sixth aspect, the system further comprises provid-
ing a first output associated with the initially activating
and providing a second output associated with the reac-
tivating. In an example of the sixth aspect, the first output
and the second output are different. In an example of the
sixth aspect, the second criteria comprise conditions in-
dicative of the host’s glucose trending toward euglycemia
and further comprise conditions indicative of the host’s
glucose trending away from euglycemia after trending
toward euglycemia during the active monitoring time pe-
riod. In an example of the sixth aspect, the one or more
second criteria associated with reactivation comprise a
change in a real-time glucose value as compared to the
real-time glucose value associated with the initially acti-
vating.
[0018] In a seventh aspect useful for understanding
the invention, a method of avoiding unnecessary hyper-
glycemic alerts is provided, the method comprising: ini-
tially activating a first alert state based on one or more
first criteria associated with a hyperglycemic condition;
waiting a time period before providing an output associ-
ated with the first alert state; actively monitoring, by a
processor module, data associated with the host’s hy-
perglycemic condition during the waiting time period; and
providing an output associated with the first alert state
after the waiting time period based on the data associated
with the host’s hyperglycemic condition meeting one or
more second criteria. In an example of the seventh as-
pect, the actively monitoring comprises determining an
average glucose over a window of time. In an example
of the seventh aspect, the actively monitoring comprises
determining an amplitude and/or direction of rate of
change. In an example of the seventh aspect, the actively
monitoring comprises determining an amplitude and/or
direction of rate of acceleration. In an example of the
seventh aspect, the actively monitoring comprises eval-
uating insulin information. In an example of the seventh
aspect, the actively monitoring comprises evaluating
meal information or timing. In an example of the seventh
aspect, the waiting time period is user selectable. In an
example of the seventh aspect, the method further com-
prises not providing output associated with the first alert
state after the waiting time period based on the data as-
sociated with the host’s hyperglycemic condition not
meeting the one or more second criteria. In an example
of the seventh aspect, the one or more first criteria and
the one or more second criteria are the same. In an ex-
ample of the seventh aspect, the one or more first criteria
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and the one or more second criteria are different. In an
example of the seventh aspect, the method further com-
prises transitioning from the first alert state to an inactive
alert state based on the data associated with the host’s
hyperglycemic condition meeting one or more third cri-
teria. In an example of the seventh aspect, the one or
more first criteria and the one or more third criteria are
the same. In an example of the seventh aspect, the one
or more first criteria and the one or more third criteria are
different.
[0019] In an eighth aspect useful for understanding the
invention, a system for processing data is provided, the
system comprising: a continuous analyte sensor config-
ured to be implanted within a body; and sensor electron-
ics configured to receive and process sensor data output
by the sensor, the sensor electronics including a proces-
sor configured to: initially activate a first alert state based
on one or more first criteria associated with a hypergly-
cemic condition; wait a time period before providing an
output associated with the first alert state; actively mon-
itor data associated with the host’s hyperglycemic con-
dition during the waiting time period; and provide an out-
put associated with the first alert state after the waiting
time period based on the data associated with the host’s
hyperglycemic condition meeting one or more second
criteria. In an example of the eighth aspect, the actively
monitoring comprises determining an average glucose
over a window of time. In an example of the eighth aspect,
the actively monitoring comprises determining an ampli-
tude and/or direction of rate of change. In an example of
the eighth aspect, the actively monitoring comprises de-
termining an amplitude and/or direction of rate of accel-
eration. In an exampleof the eighth aspect, the actively
monitoring comprises evaluating insulin information. In
an example of the eighth aspect, the actively monitoring
comprises evaluating meal information or timing. In an
example of the eighth aspect, the waiting time period is
user selectable. In an example of the eighth aspect, the
system further comprises not providing output associat-
ed with the first alert state after the waiting time period
based on the data associated with the host’s hyperglyc-
emic condition not meeting the one or more second cri-
teria. In an example of the eighth aspect, the one or more
first criteria and the one or more second criteria are the
same. In an example of the eighth aspect, the one or
more first criteria and the one or more second criteria are
different. In an example of the eighth aspect, the system
further comprises transitioning from the first alert state
to an inactive alert state based on the data associated
with the host’s hyperglycemic condition meeting one or
more third criteria. In an example of the eighth aspect,
the one or more first criteria and the one or more third
criteria are the same. In an example of the eighth aspect,
the one or more first criteria and the one or more third
criteria are different.
[0020] Any aspect or embodiment of a method can be
performed by a system or apparatus of another aspect
or embodiment, and any aspect or embodiment of a sys-

tem can be configured to perform a method of another
aspect or embodiment.

BRIEF DESCRIPTION OF THE DRAWINGS

[0021] The details of the present disclosure, both as
to its structure and operation, may be understood in part
by study of the accompanying drawings, in which like
reference numerals refer to like parts. The drawings are
not necessarily to scale, emphasis instead being placed
upon illustrating the principles of the disclosure.

Figure 1 is a schematic view of a continuous analyte
sensor system attached to a host and communicat-
ing with a plurality of example devices.
Figure 2 is a block diagram that illustrates electronics
associated with the sensor system of Figure 1.
Figure 3 A illustrates an embodiment, where the re-
ceiver of Figure 1 shows a numeric representation
of the estimated analyte value on its user interface.
Figure 3B illustrates an embodiment, where the re-
ceiver of Figure 1 shows an estimated glucose value
and one hour of historical data trend on its user in-
terface.
Figure 3C illustrates an embodiment, where the re-
ceiver of Figure 1 shows an estimated glucose value
and three hours of historical trend data on its user
interface.
Figure 3D illustrates an embodiment, where the re-
ceiver of Figure 1 shows and estimated glucose val-
ue and nine hours of historical trend data on its user
interface.
Figures 4A, 4B and 4C are illustrations of receiver
liquid crystal displays showing embodiments of
screen displays.
Figure 4D is a screenshot of a smartphone display
illustrating one embodiment of an alert indicting that
the user’s blood glucose is dropping and will soon
be in a low range.
Figure 4E is a screenshot of a smartphone display
illustrating one embodiment of a blood glucose trend
graph.
Figure 4F is an embodiment of a blood glucose trend
arrow.
Figure 5 is an illustration of a continuous trace of
glucose values measured during a time frame in ac-
cordance with an embodiment of the disclosure.
Figure 6 is a flowchart illustrating a process for dy-
namically and intelligently providing a prediction
alert/alarm in accordance with an embodiment of the
disclosure.
Figure 7 is an illustration of a continuous trace of
glucose values measured during a time frame in ac-
cordance with an embodiment of the disclosure.
Figure 8 is a flowchart illustrating a process for dy-
namically and intelligently monitoring the status after
an alert/alarm has been triggered in accordance with
an embodiment of the disclosure.
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Figure 9 is a flowchart illustrating a process for de-
termining a status change in accordance with an em-
bodiment of the disclosure.
Figure 10 is a flowchart illustrating a process for de-
termining if a reactivation condition is met in accord-
ance with an embodiment of the disclosure.
Figure 11 is an illustration of a state diagram showing
the transitions from various states in accordance with
an embodiment of the disclosure.
Figures 12-16 are example graphs showing estimat-
ed glucose values ("EGVs") and when alerts would
be expected to be provided for the EGVs in accord-
ance with embodiments of the disclosure.

DETAILED DESCRIPTION

[0022] The following detailed description describes the
present embodiments with reference to the drawings. In
the drawings, reference numbers label elements of the
present embodiments. These reference numbers are re-
produced below in connection with the discussion of the
corresponding drawing features.

Sensor System and Applicator

[0023] Figure 1 depicts an example system 100, in ac-
cordance with some example implementations. The sys-
tem 100 includes a continuous analyte sensor system 8
including sensor electronics 12 and a continuous analyte
sensor 10. The system 100 may include other devices
and/or sensors, such as medicament delivery pump 2
and glucose meter 4. The continuous analyte sensor 10
may be physically connected to sensor electronics 12
and may be integral with (e.g., non-releasably attached
to) or releasably attachable to the continuous analyte
sensor 10. The sensor electronics 12, medicament de-
livery pump 2, and/or glucose meter 4 may couple with
one or more devices, such as display devices 14, 16, 18,
and/or 20.
[0024] In some example implementations, the system
100 may include a cloud- based analyte processor 490
configured to analyze analyte data (and/or other patient
related data) provided via network 406 (e.g., via wired,
wireless, or a combination thereof) from sensor system
8 and other devices, such as display devices 14-20 and
the like, associated with the host (also referred to as a
patient) and generate reports providing high-level infor-
mation, such as statistics, regarding the measured ana-
lyte over a certain time frame. A full discussion of using
a cloud-based analyte processing system may be found
in U.S. Patent Application No. 61/655,991, entitled
"Cloud-Based Processing of Analyte Data" and filed on
June 5, 2012.
[0025] In some example implementations, the sensor
electronics 12 may include electronic circuitry associated
with measuring and processing data generated by the
continuous analyte sensor 10. This generated continu-
ous analyte sensor data may also include algorithms,

which can be used to process and calibrate the continu-
ous analyte sensor data, although these algorithms may
be provided in other ways as well. The sensor electronics
12 may include hardware, firmware, software, or a com-
bination thereof to provide measurement of levels of the
analyte via a continuous analyte sensor, such as a con-
tinuous glucose sensor. An example implementation of
the sensor electronics 12 is described further below with
respect to Figure 2.
[0026] The term "sensor data", as used herein is a
broad term and is to be given its ordinary and customary
meaning to a person of ordinary skill in the art (and is not
to be limited to a special or customized meaning), and
furthermore refers without limitation to any data associ-
ated with a sensor, such as a continuous analyte sensor.
Sensor data includes a raw data stream, or simply a data
stream, of analog or digital signal related to a measured
analyte from an analyte sensor (or other signal received
from another sensor), as well as calibrated and/or filtered
raw data. In one example, the sensor data comprises
digital data in "counts" converted by an A/D converter
from an analog signal (e.g., voltage or amps) and in-
cludes one or more data points representative of a glu-
cose concentration. Thus, the terms "sensor data point"
and "data point" refer generally to a digital representation
of sensor data at a particular time. The term broadly en-
compasses a plurality of time spaced data points from a
sensor, such as from a substantially continuous glucose
sensor, which includes individual measurements taken
at time intervals ranging from fractions of a second up
to, e.g., 1, 2, or 5 minutes or longer. In another example,
the sensor data includes an integrated digital value rep-
resentative of one or more data points averaged over a
time period. In some embodiments, sensor data may in-
clude calibrated data, smoothed data, filtered data, trans-
formed data, and/or any other data associated with a
sensor.
[0027] The sensor electronics 12 may, as noted, cou-
ple (e.g., wirelessly and the like) with one or more devic-
es, such as display devices 14, 16, 18, and/or 20. The
display devices 14, 16, 18, and/or 20 may be configured
for presenting information (and/or alarming), such as
sensor information transmitted by the sensor electronics
12 for display at the display devices 14, 16, 18, and/or 20.
[0028] The display devices may include a relatively
small, key fob-like display device 14, a relatively large,
hand-held display device 16, a cellular phone 18 (e.g., a
smart phone, a tablet, and the like), a computer 20, and/or
any other user equipment configured to at least present
information (e.g., medicament delivery information, dis-
crete self-monitoring glucose readings, heart rate moni-
tor, caloric intake monitor, and the like).
[0029] In some example implementations, the relative-
ly small, key fob-like display device 14 may comprise a
wrist watch, a belt, a necklace, a pendent, a piece of
jewelry, an adhesive patch, a pager, a key fob, a plastic
card (e.g., credit card), an identification (ID) card, and/or
the like. This small display device 14 may include a rel-
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atively small display (e.g., smaller than the large display
device 16) and may be configured to display certain types
of displayable sensor information, such as a numerical
value and an arrow.
[0030] In some example implementations, the relative-
ly large, hand-held display device 16 may comprise a
hand-held receiver device, a palm-top computer, and/or
the like. This large display device may include a relatively
larger display (e.g., larger than the small display device
14) and may be configured to display information, such
as a graphical representation of the continuous sensor
data including current and historic sensor data output by
sensor system 8.
[0031] In some example implementations, the contin-
uous analyte sensor 10 comprises a sensor for detecting
and/or measuring analytes, and the continuous analyte
sensor 10 may be configured to continuously detect
and/or measure analytes as a non-invasive device, a
subcutaneous device, a transdermal device, and/or an
intravascular device. In some example implementations,
the continuous analyte sensor 10 may analyze a plurality
of intermittent blood samples, although other analytes
may be used as well.
[0032] In some example implementations, the contin-
uous analyte sensor 10 may comprise a glucose sensor
configured to measure glucose in the blood using one or
more measurement techniques, such as enzymatic,
chemical, physical, electrochemical, spectrophotomet-
ric, polarimetric, calorimetric, iontophoretic, radiometric,
immunochemical, and the like. In implementations in
which the continuous analyte sensor 10 includes a glu-
cose sensor, the glucose sensor may be comprise any
device capable of measuring the concentration of glu-
cose and may use a variety of techniques to measure
glucose including invasive, minimally invasive, and non-
invasive sensing techniques (e.g., fluorescence monitor-
ing), to provide a data, such as a data stream, indicative
of the concentration of glucose in a host. The data stream
may be raw data signal, which is converted into a cali-
brated and/or filtered data stream used to provide a value
of glucose to a host, such as a user, a patient, or a care-
taker (e.g., a parent, a relative, a guardian, a teacher, a
doctor, a nurse, or any other individual that has an interest
in the wellbeing of the host). Moreover, the continuous
analyte sensor 10 may be implanted as at least one of
the following types of sensors: an implantable glucose
sensor, a transcutaneous glucose sensor, implanted in
a host vessel or extracorporeally, a subcutaneous sen-
sor, a refillable subcutaneous sensor, an intravascular
sensor.
[0033] Although the disclosure herein refers to some
implementations that include a continuous analyte sen-
sor 10 comprising a glucose sensor, the continuous an-
alyte sensor 10 may comprises other types of analyte
sensors as well. Moreover, although some implementa-
tions refer to the glucose sensor as an implantable glu-
cose sensor, other types of devices capable of detecting
a concentration of glucose and providing an output signal

representative of glucose concentration may be used as
well. Furthermore, although the description herein refers
to glucose as the analyte being measured, processed,
and the like, other analytes may be used as well including,
for example, ketone bodies (e.g., acetone, acetoacetic
acid and beta hydroxybutyric acid, lactate, etc.), gluca-
gon, Acetyl Co A, triglycerides, fatty acids, intermediaries
in the citric acid cycle, choline, insulin, cortisol, testoster-
one, and the like.
[0034] Figure 2 depicts an example of sensor electron-
ics 12, in accordance with some example implementa-
tions. The sensor electronics 12 may include sensor elec-
tronics that are configured to process sensor information,
such as sensor data, and generate transformed sensor
data and displayable sensor information, e.g., via a proc-
essor module. For example, the processor module may
transform sensor data into one or more of the following:
filtered sensor data (e.g., one or more filtered analyte
concentration values), raw sensor data, calibrated sen-
sor data (e.g., one or more calibrated analyte concentra-
tion values), rate of change information, trend informa-
tion, rate of acceleration/deceleration information, sen-
sor diagnostic information, location information,
alarm/alert information, calibration information, smooth-
ing and/or filtering algorithms of sensor data, and/or the
like.
[0035] In some embodiments, a processor module 214
is configured to achieve a substantial portion, if not all,
of the data processing. Processor module 214 may be
integral to sensor electronics 12 and/or may be located
remotely, such as in one or more of devices 14, 16, 18,
and/or 20 and/or cloud 490. In some embodiments, proc-
essor module 214 may comprise a plurality of smaller
subcomponents or submodules. For example, processor
module 214 may include an alert module (not shown) or
prediction module (not shown), or any other suitable
module that may be utilized to efficiently process data.
When processor module 214 is made up of a plurality of
submodules, the submodules may be located within
processor module 214, including within the sensor elec-
tronic 12 or other associated devices (e.g., 14, 16, 18,
20 and/or 490). For example, in some embodiments,
processor module 214 may be located at least partially
within cloud-based analyte processor 490 or elsewhere
in network 406.
[0036] In some example implementations, the proces-
sor module 214 may be configured to calibrate the sensor
data, and the data storage memory 220 may store the
calibrated sensor data points as transformed sensor da-
ta. Moreover, the processor module 214 may be config-
ured, in some example implementations, to wirelessly
receive calibration information from a display device,
such as devices 14, 16, 18, and/or 20, to enable calibra-
tion of the sensor data from sensor 12. Furthermore, the
processor module 214 may be configured to perform ad-
ditional algorithmic processing on the sensor data (e.g.,
calibrated and/or filtered data and/or other sensor infor-
mation), and the data storage memory 220 may be con-
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figured to store the transformed sensor data and/or sen-
sor diagnostic information associated with the algo-
rithms.
[0037] In some example implementations, the sensor
electronics 12 may comprise an application-specific in-
tegrated circuit (ASIC) 205 coupled to a user interface
222. The ASIC 205 may further include a potentiostat
210, a telemetry module 232 for transmitting data from
the sensor electronics 12 to one or more devices, such
devices 14, 16, 18, and/or 20, and/or other components
for signal processing and data storage (e.g., processor
module 214 and data storage memory 220). Although
Figure 2 depicts ASIC 205, other types of circuitry may
be used as well, including field programmable gate arrays
(FPGA), one or more microprocessors configured to pro-
vide some (if not all of) the processing performed by the
sensor electronics 12, analog circuitry, digital circuitry,
or a combination thereof.
[0038] In the example depicted at Figure 2, the poten-
tiostat 210 is coupled to a continuous analyte sensor 10,
such as a glucose sensor to generate sensor data from
the analyte. The potentiostat 210 may also provide via
data line 212 a voltage to the continuous analyte sensor
10 to bias the sensor for measurement of a value (e.g.,
a current and the like) indicative of the analyte concen-
tration in a host (also referred to as the analog portion of
the sensor). The potentiostat 210 may have one or more
channels depending on the number of working electrodes
at the continuous analyte sensor 10.
[0039] In some example implementations, the poten-
tiostat 210 may include a resistor that translates a current
value from the sensor 10 into a voltage value, while in
some example implementations, a current-to-frequency
converter (not shown) may also be configured to inte-
grate continuously a measured current value from the
sensor 10 using, for example, a charge-counting device.
In some example implementations, an analog-to-digital
converter (not shown) may digitize the analog signal from
the sensor 10 into so-called "counts" to allow processing
by the processor module 214. The resulting counts may
be directly related to the current measured by the poten-
tiostat 210, which may be directly related to an analyte
level, such as a glucose level, in the host.
[0040] The telemetry module 232 may be operably
connected to processor module 214 and may provide the
hardware, firmware, and/or software that enable wireless
communication between the sensor electronics 12 and
one or more other devices, such as display devices, proc-
essors, network access devices, and the like. A variety
of wireless radio technologies that can be implemented
in the telemetry module 232 include Bluetooth, Bluetooth
Low-Energy, ANT, ANT+, ZigBee, IEEE 802.11, IEEE
802.16, cellular radio access technologies, radio fre-
quency (RF), infrared (IR), paging network communica-
tion, magnetic induction, satellite data communication,
spread spectrum communication, frequency hopping
communication, near field communications, and/or the
like. In some example implementations, the telemetry

module 232 comprises a Bluetooth chip, although the
Bluetooth technology may also be implemented in a com-
bination of the telemetry module 232 and the processor
module 214.
[0041] The processor module 214 may control the
processing performed by the sensor electronics 12. For
example, the processor module 214 may be configured
to process data (e.g., counts), from the sensor, filter the
data, calibrate the data, perform fail-safe checking,
and/or the like.
[0042] In some example implementations, the proces-
sor module 214 may comprise a digital filter, such as for
example an infinite impulse response (IIR) or a finite im-
pulse response (FIR) filter. This digital filter may smooth
a raw data stream received from sensor 10. Generally,
digital filters are programmed to filter data sampled at a
predetermined time interval (also referred to as a sample
rate). In some example implementations, such as when
the potentiostat 210 is configured to measure the analyte
(e.g., glucose and/or the like) at discrete time intervals,
these time intervals determine the sampling rate of the
digital filter. In some example implementations, the po-
tentiostat 210 may be configured to measure continuous-
ly the analyte, for example, using a current-to-frequency
converter. In these current-to-frequency converter imple-
mentations, the processor module 214 may be pro-
grammed to request, at predetermined time intervals (ac-
quisition time), digital values from the integrator of the
current-to-frequency converter. These digital values ob-
tained by the processor module 214 from the integrator
may be averaged over the acquisition time due to the
continuity of the current measurement. As such, the ac-
quisition time may be determined by the sampling rate
of the digital filter.
[0043] The processor module 214 may further include
a data generator (not shown) configured to generate data
packages for transmission to devices, such as the display
devices 14, 16, 18, and/or 20. Furthermore, the proces-
sor module 214 may generate data packets for transmis-
sion to these outside sources via telemetry module 232.
In some example implementations, the data packages
may, as noted, be customizable for each display device,
and/or may include any available data, such as a time
stamp, displayable sensor information, transformed sen-
sor data, an identifier code for the sensor and/or sensor
electronics 12, raw data, filtered data, calibrated data,
rate of change information, trend information, error de-
tection or correction, and/or the like.
[0044] The processor module 214 may also include a
program memory 216 and other memory 218. The proc-
essor module 214 may be coupled to a communications
interface, such as a communication port 238, and a
source of power, such as a battery 234. Moreover, the
battery 234 may be further coupled to a battery charger
and/or regulator 236 to provide power to sensor electron-
ics 12 and/or charge the battery 234.
[0045] The program memory 216 may be implemented
as a semi-static memory for storing data, such as an iden-

17 18 

Abbott Ex. 1029 - 11/55



EP 2 914 159 B1

12

5

10

15

20

25

30

35

40

45

50

55

tifier for a coupled sensor 10 (e.g., a sensor identifier
(ID)) and for storing code (also referred to as program
code) to configure the ASIC 205 to perform one or more
of the operations/functions described herein. For exam-
ple, the program code may configure processor module
214 to process data streams or counts, filter, calibrate,
perform fail-safe checking, and the like.
[0046] The memory 218 may also be used to store in-
formation. For example, the processor module 214 in-
cluding memory 218 may be used as the system’s cache
memory, where temporary storage is provided for recent
sensor data received from the sensor. In some example
implementations, the memory may comprise memory
storage components, such as read-only memory (ROM),
random-access memory (RAM), dynamic-RAM, static-
RAM, non-static RAM, easily erasable programmable
read only memory (EEPROM), rewritable ROMs, flash
memory, and the like.
[0047] The data storage memory 220 may be coupled
to the processor module 214 and may be configured to
store a variety of sensor information. In some example
implementations, the data storage memory 220 stores
one or more days of continuous analyte sensor data. For
example, the data storage memory may store 1, 2, 3, 4,
5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 20, and/or 30 (or more
days) of continuous analyte sensor data received from
sensor 10. The stored sensor information may include
one or more of the following: a time stamp, raw sensor
data (one or more raw analyte concentration values), cal-
ibrated data, filtered data, transformed sensor data,
and/or any other displayable sensor information, calibra-
tion information (e.g., reference BG values and/or prior
calibration information), sensor diagnostic information,
and the like.
[0048] The user interface 222 may include a variety of
interfaces, such as one or more buttons 224, a liquid
crystal display (LCD) 226, a vibrator 228, an audio trans-
ducer (e.g., speaker) 230, a backlight (not shown), and/or
the like. The components that comprise the user interface
222 may provide controls to interact with the user (e.g.,
the host). One or more buttons 224 may allow, for exam-
ple, toggle, menu selection, option selection, status se-
lection, yes/no response to on-screen questions, a "turn
off’ function (e.g., for an alarm),
an "acknowledged" function (e.g., for an alarm), a reset,
and/or the like. The LCD 226 may provide the user with,
for example, visual data output. The audio transducer
230 (e.g., speaker) may provide audible signals in re-
sponse to triggering of certain alerts, such as present
and/or predicted hyperglycemic and hypoglycemic con-
ditions. In some example implementations, audible sig-
nals may be differentiated by tone, volume, duty cycle,
pattern, duration, and/or the like. In some example im-
plementations, the audible signal may be configured to
be silenced (e.g., acknowledged or turned off) by press-
ing one or more buttons 224 on the sensor electronics
12 and/or by signaling the sensor electronics 12 using a
button or selection on a display device (e.g., key fob, cell

phone, and/or the like).
[0049] Although audio and vibratory alarms are de-
scribed with respect to Figure 2, other alarming mecha-
nisms may be used as well. For example, in some ex-
ample implementations, a tactile alarm is provided in-
cluding a poking mechanism configured to "poke" or
physically contact the patient in response to one or more
alarm conditions.
[0050] The battery 234 may be operatively connected
to the processor module 214 (and possibly other com-
ponents of the sensor electronics 12) and provide the
necessary power for the sensor electronics 12. In some
example implementations, the battery is a Lithium Man-
ganese Dioxide battery, however any appropriately sized
and powered battery can be used (e.g., AAA, Nickel-cad-
mium, Zinc-carbon, Alkaline, Lithium, Nickel-metal hy-
dride, Lithium-ion, Zinc-air, Zinc-mercury oxide, Silver-
zinc, or hermetically-sealed). In some example imple-
mentations, the battery is rechargeable. In some exam-
ple implementations, a plurality of batteries can be used
to power the system. In yet other implementations, the
receiver can be transcutaneously powered via an induc-
tive coupling, for example.
[0051] A battery charger and/or regulator 236 may be
configured to receive energy from an internal and/or ex-
ternal charger. In some example implementations, a bat-
tery regulator (or balancer) 236 regulates the recharging
process by bleeding off excess charge current to allow
all cells or batteries in the sensor electronics 12 to be
fully charged without overcharging other cells or batter-
ies. In some example implementations, the battery 234
(or batteries) is configured to be charged via an inductive
and/or wireless charging pad, although any other charg-
ing and/or power mechanism may be used as well.
[0052] One or more communication ports 238, also re-
ferred to as external connector(s), may be provided to
allow communication with other devices, for example a
PC communication (com) port can be provided to enable
communication with systems that are separate from, or
integral with, the sensor electronics 12. The communi-
cation port, for example, may comprise a serial (e.g., uni-
versal serial bus or "USB") communication port, and allow
for communicating with another computer system (e.g.,
PC, personal digital assistant or "PDA," server, or the
like). In some example implementations, the sensor elec-
tronics 12 is able to transmit historical data to a PC or
other computing device (e.g., an analyte processor as
disclosed herein) for retrospective analysis by a patient
and/or physician.
[0053] In some continuous analyte sensor systems, an
on-skin portion of the sensor electronics may be simpli-
fied to minimize complexity and/or size of on-skin elec-
tronics, for example, providing only raw, calibrated,
and/or filtered data to a display device configured to run
calibration and other algorithms required for displaying
the sensor data. However, the sensor electronics 12
(e.g., via processor module 214) may be implemented
to execute prospective algorithms used to generate
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transformed sensor data and/or displayable sensor in-
formation, including, for example, algorithms that: eval-
uate a clinical acceptability of reference and/or sensor
data, evaluate calibration data for best calibration based
on inclusion criteria, evaluate a quality of the calibration,
compare estimated analyte values with time correspond-
ing measured analyte values, analyze a variation of es-
timated analyte values, evaluate a stability of the sensor
and/or sensor data, detect signal artifacts (noise), re-
place signal artifacts, determine a rate of change and/or
trend of the sensor data, perform dynamic and intelligent
analyte value estimation, perform diagnostics on the sen-
sor and/or sensor data, set modes of operation, evaluate
the data for aberrancies, and/or the like.
[0054] Although separate data storage and program
memories are shown in Figure 2, a variety of configura-
tions may be used as well. For example, one or more
memories may be used to provide storage space to sup-
port data processing and storage requirements at sensor
electronics 12.
[0055] Referring now to Figures 3A to 3D, more de-
tailed schematic views of hand-held receiver 16 is shown.
Hand-held receiver 16 may comprise systems necessary
to receive, process, and display sensor data from an an-
alyte sensor, such as described elsewhere herein. Par-
ticularly, the hand-held receiver 16 can be a pager-sized
device, for example, and comprise a user interface that
has a plurality of buttons 242 and a liquid crystal display
(LCD) screen 244, and which can include a backlight. In
some embodiments, the user interface can also include
a keyboard, a speaker, and a vibrator.
[0056] In some embodiments, a user is able to toggle
through some or all of the screens shown in Figures 3A
to 3D using a toggle button on the hand-held receiver. In
some embodiments, the user is able to interactively se-
lect the type of output displayed on their user interface.
In some embodiments, the sensor output can have alter-
native configurations.
[0057] In some embodiments, analyte values are dis-
played on e.g., a display of medical device received. In
some embodiments, prompts or messages can be dis-
played on the display device to convey information to the
user, such as reference outlier values, requests for ref-
erence analyte values, therapy recommendations, devi-
ation of the measured analyte values from the estimated
analyte values, providing predictive alert/alarm, monitor-
ing the glycemic alert state after the alert/alarm is trig-
gered, determining state changes, or the like. Addition-
ally, prompts can be displayed to guide the user through
calibration or troubleshooting of the calibration.
[0058] Figures 4A to 4C illustrate some additional vis-
ual displays that can be provided on the user interface
222. While these visual displays may include the same
or similar output to the ones shown on hand-held device
16 in Figure 3, and the visual displays of Figure 4 can be
provided on any suitable user interface 222, such as
those on devices 14, 16, 18, 20. In some embodiments,
the LCD 226 is a touch-activated screen, enabling each

selection by a user, for example, from a menu on the
screen. Buttons can provide for toggle, menu selection,
option selection, mode selection, and reset, for example.
In some alternative embodiments, a microphone can be
provided to allow for voice-activated control.
[0059] Figure 4A is an illustration of an LCD screen
226 showing continuous and single point glucose infor-
mation in the form of a trend graph 184 and a single
numerical value 186. The trend graph shows upper and
lower boundaries 182 representing a target range be-
tween which the host should maintain his/her glucose
values. Preferably, the receiver is configured such that
these boundaries 182 can be configured or customized
by a user, such as the host or a care provider. By pro-
viding visual boundaries 182, in combination with contin-
uous analyte values over time (e.g., a trend graph 184),
a user can better learn how to control his/her analyte
concentration (e.g., a person with diabetes can better
learn how to control his/her glucose concentration) as
compared to single point (e.g., single numerical value
186) alone. Although Figure 4A illustrates a 1-hour trend
graph (e.g., depicted with a time range 188 of 1-hour), a
variety of time ranges can be represented on the screen
226, for example, 3-hour, 9-hour, 1-day, and the like.
[0060] Figure 4B is an illustration of an LCD screen
226 showing a low alert screen that can be displayed
responsive to a host’s analyte concentration falling below
a lower boundary (see boundaries 182). In this example
screen, a host’s glucose concentration has fallen to 55
mg/dL, which is below the lower boundary set in FIG. 4A,
for example. The arrow 190 represents the direction of
the analyte trend, for example, indicating that the glucose
concentration is continuing to drop. The annotation 192
("LOW") is helpful in immediately and clearly alerting the
host that his/her glucose concentration has dropped be-
low a preset limit, and what may be considered to be a
clinically safe value, for example.
[0061] In contrast, Figure 4C is an illustration of an LCD
screen 226 showing a high alert screen that can be dis-
played responsive to a host’s analyte concentration rising
above an upper boundary (see boundaries 182). In this
example screen, a host’s glucose concentration has risen
to 200 mg/dL, which is above a boundary set by the host,
thereby triggering the high alert screen. The arrow 190
represents the direction of the analyte trend, for example,
indicating that the glucose concentration is continuing to
rise. The annotation 192 ("HIGH") is helpful in immedi-
ately and clearly alerting the host that his/her glucose
concentration has above a preset limit, and what may be
considered to be a clinically safe value, for example.
[0062] Although a few example screens are depicted
herein, a variety of screens can be provided for illustrating
any of the information described in the provided embod-
iments, as well as additional information. A user can tog-
gle between these screens and/or the screens can be
automatically displayed responsive to programming with-
in the e.g., hand-held receiver 16, and can be simulta-
neously accompanied by another type of alert (e.g., au-
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dible or tactile).
[0063] For example, Figure 4D is a screenshot of a
smartphone 18 display illustrating one embodiment of an
alert indicting that the user’s blood glucose is dropping
and will soon be in a low range. Figure 4E is a screenshot
of a smartphone 18 display illustrating one embodiment
of a blood glucose trend graph. Figure 4F is an embod-
iment of a blood glucose trend arrow.
[0064] In some embodiments, the processor module
214 may provide a predictive alert on a smartphone 18
display or user interface 222 when a severe hypoglyc-
emic event is predicted to occur in the near future. For
example, the predictive alert may be shown when a se-
vere hypoglycemic event is predicted to occur within 5
minutes, 10 minutes, 15 minutes, 20 minutes, 30 min-
utes, etc. With reference to Figure 4D, an arrow 300 may
be displayed on a trend screen pointing towards a BG
value 302 that indicates a severe hypoglycemic event,
such as 55 mg/dL. The arrow 300 may change color as
it transitions from euglycemia to hypoglycemia, to em-
phasize the change in glucose levels that is expected.
Furthermore, the arrow 300 may be animated to flash to
emphasize the seriousness of the alert. The display may
also show text 304, such as Going LOW. This predictive
alert may be configured to be prioritized over (override)
whatever mode or application the smartphone 18 is in at
the time the processor module 214 determines that a
severe hypoglycemic event is predicted to occur. In other
words, the alert may interrupt whatever is currently on
the smartphone’s user interface 222.
[0065] In these embodiments, the processor module
214 may be programmed with a blood glucose value cor-
responding to a threshold below which the user is con-
sidered to be hypoglycemic. As the processor module
214 receives as inputs multiple EGV’s at time-spaced
intervals, it processes the inputs by comparing each one
to the programmed value, and also to previously received
EGV’s. If the user’s blood glucose shows a downward
trend, and is approaching the programmed value, the
processor module 214 outputs an alert such as the one
shown in Figure 4D to the smartphone’s user interface
222. The user thus receives an advance warning of a
potential hypoglycemic event, so that he or she can take
appropriate action to avoid the hypoglycemic event.
[0066] In various other embodiments, the processor
module 214 may change the color of the user interface
222 to reflect the user’s current blood glucose level. For
example, the user’s EGV may be displayed on the screen
as a number, as a trend graph, a horizontal bar graph,
etc. The text and/or background on the user interface
222 may change when the user’s current blood glucose
level transitions from one state to another. For example,
the text/background may show a first color, such as
green, if the user’s blood glucose is within a healthy
range, and a second color, such as red, if the user’s blood
glucose is low or high. Alternatively, a first color may be
used for the healthy range, a second color for low, and
a third color for high. Further, when in the low or high

range, as the user’s blood glucose becomes increasingly
lower or higher, the intensity of the color may increase.
The text/background may also flash, with the frequency
of the flashing increasing as the user’s blood glucose
becomes increasingly lower or higher.
[0067] In these embodiments, the processor module
214 may be programmed with blood glucose values cor-
responding to low and high threshold BG values. As the
processor module 214 receives as inputs multiple EGV’s
at time-spaced intervals, it processes the inputs by com-
paring each one to the programmed values. If the user’s
blood glucose value crosses one of the thresholds, the
processor module 214 outputs an alert to the smart-
phone’s user interface 222 in the form of changing the
color of the text and/or background. If the user’s blood
glucose value continues to become increasingly low or
high, the processor module 214 produces additional out-
puts, such as increasing the intensity of the color and/or
causing the text/background to flash. These additional
outputs may be generated in response to the processor
module 214 comparing input EGV’s to additional pro-
grammed threshold values.
[0068] In various other embodiments, the processor
module 214 may use iconography and/or alert symbols
that reflect real time data. For example, the user’s blood
glucose becomes low, an icon on the smartphone 18 may
show an image of the user’s BG trend graph using e.g.,
actual data points from EGV’s. The input-processing-out-
put for this embodiment would be substantially the same
as that for the previous embodiment.
[0069] With extremely low blood glucose, a person can
lose consciousness. Thus, in certain of the present em-
bodiments, at a predetermined level or event (low glu-
cose level, no button pressing after alert, etc.) that might
signify a loss of consciousness, the processor module
214 may go into an emergency response instruction
mode. This mode may include an alarm to alert others in
close proximity to the user that something is wrong. For
example, step-by-step instructions on how to assist the
unconscious user may be shown on the smartphone’s
user interface 222, such as administering glucose tabs
or another form of carbohydrates, calling an ambulance,
etc.
[0070] In these embodiments, the processor module
214 may receive an input from a CGM, which is the user’s
EGV. The processor module 214 may process the input
by comparing it to one or more threshold values, and
determine that the user’s blood glucose is low. The proc-
essor module 214 may produce an output in the form of
an alert. If the user does not respond to the alert by press-
ing a button or an area on a touchscreen user interface
222, for example, the processor module 214 may deter-
mine that the user may be unconscious, and produces
another output in the form of the emergency response
instruction mode described herein.
[0071] In various other embodiments, the processor
module 214 may provide differentiated visual high/low
thresholds versus alert thresholds. For example, the
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processor module 214 may be programmed with low and
high blood glucose thresholds. These thresholds may be
shown on a blood glucose trend graph on the user inter-
face 222 as horizontal lines that the user should strive
not to cross. Ordinarily, crossing either of the lines might
generate an alert. However, excessive alerts can be an-
noying to the user, and can decrease patient compliance.
Thus, in some embodiments, the visual high/low target
range boundaries shown on the graph may be different
from boundaries that generate an alert. For example, the
boundaries that generate an alert might be wider than
the visual target range threshold boundaries on the user
interface 222, and the boundaries that generate an alert
may be hidden from view. This configuration gives the
user a little bit of a buffer zone to cross either of the visual
boundaries without generating an alert. Alternatively, the
boundaries that generate an alert might be visible, but
distinguishable from the target range boundaries. Exam-
ples of visual distinctions include different colors, flashing
vs. static, solid vs. dashed, different line weights, an
alarm icon adjacent the alarm lines, etc. In some embod-
iments, the high/low target boundaries may always be
displayed, but the alert boundaries may be shown or not
based on a user setting, a mode (e.g. silent), thresholds,
etc.
[0072] In various other embodiments, a user interface
of the processor module 214 may be the first thing that
the user sees when he or she activates the smartphone’s
user interface 222. For example, many smartphones 18
automatically put the user interface 222 to sleep (e.g., in
a sleep mode) when no activity is detected for a prede-
termined amount of time. This measure saves battery
power. To reactivate the user interface 222, the user must
press a button on the smartphone 18. In certain embod-
iments, when the user reactivates the user interface 222,
the first thing he or she sees is the user interface of the
processor module 214. In these embodiments, the proc-
essor module 214 receives as an input a notification that
the user interface 222 has entered sleep mode, followed
by a later notification that the user interface 222 has been
reactivated. The processor module 214 may process
these inputs and produce as an output a display of the
user interface 222 of the processor module 214 on the
smartphone 18.
[0073] In various other embodiments, a trend graph
displayed by the processor module 214 is color coded.
For example, with reference to Figure 4E, the color of
the graph 400 (either the trend line 402 or the background
404) may be green if within a target range, yellow if 6
10% outside the target range, orange if 6 15% outside
the target range, and red if 6 20% outside the target
range. A trend arrow 406 may be similarly color coded,
and the angle at which the trend arrow 406 is oriented
may correspond to the actual rate of change of the user’s
glucose, e.g. a more horizontal arrow indicates a low rate
of change, while a steeply sloping arrow indicates a high
rate of change. In these embodiments, the processor
module 214 may receive as inputs continuous EGV’s

from a sensor system 8. In some embodiments, the rate
of change is calculated by the sensor system 8 and sent
to the processor module 214 for display (e.g., determi-
nation of how to display and resulting display), although
the processor module 214 may also perform rate of
change calculations. The rate of change based on a linear
or non-linear function is applied to a window of recent
sensor data. In some embodiments, the rate of change
calculation comprises calculating at least two point-to-
point rate of change calculations, and wherein the rate
of change calculation further comprises adaptively se-
lecting a filter to apply to the point-to-point rate of change
calculation based at least in part on a level of noise de-
termined. The processor module 214 may output these
values as data points on the trend graph 400 on the user
interface 222 and also updates the value 408 shown in
the box containing the user’s most recent EGV. If the
user’s blood glucose is dropping, the processor module
214 outputs this information by orienting the arrow 406
downward, while if the user’s blood glucose is rising the
processor module 214 outputs this information by orient-
ing the arrow 406 upward. In some embodiments, the
trend arrow is located on the end of the trend graph (e.g.,
rather an in a separate box/area).
[0074] In certain embodiments, a size of the value 408
shown in the box containing the user’s most recent EGV
may change size depending on how far off the user is
from their target zone. For example, as the user’s glucose
gets farther and farther away from the target zone, the
number could get bigger and bigger. This amplification
could be one directional or either direction, meaning the
EGV displayed on the trend graph could get bigger and
bigger if it’s outside the target range in either direction or
only get bigger and bigger if it’s outside the target range
on the low side (e.g., hypo). The same applies to the
trend arrow 406. With reference to Figure 4F, the trend
arrow 406 could be drawn large enough to fit the EGV
408 inside the arrow 406. The layout of the trend arrow
406 / EGV 408 in Figure 4F may be used independently
of the foregoing embodiment in which the size of the trend
arrow 406 / EGV 408 changes dynamically as the user’s
glucose changes.
[0075] In various other embodiments related to that of
Figure 4E, rather than using a hard threshold for the tran-
sition from one color to the next, the display could instead
show a gradient type of trend graph. That is, rather than
transitioning directly from green to yellow as soon as the
user’s glucose hits the threshold of, say 6 10% outside
the target range, the display would instead gradually tran-
sition from green to yellow as the user’s glucose moves
away from the target range toward the established
threshold. Thus, at 6 5% outside the target range, the
display would show a color between green and yellow,
with the color becoming gradually more yellow as the
user’s glucose moves through 6 6% outside the target
range, 6 7% outside the target range, 6 8% outside the
target range, etc.
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Predictive Alerts/ Alarms

[0076] In some embodiments, the sensor outputs a sig-
nal in the form of electrical current; however any output
signal from any measurement technique may be used
for the predictive alerts/alarms described herein. In gen-
eral, a conversion function is applied to the sensor signal
in order to produce a user output that the user under-
stands as representative of a concentration of analyte in
his or her bloodstream. Such a proper conversion func-
tion may take into account numerous variables, e.g., sen-
sitivity (slope), baseline (intercept), drift, temperature
correction, factory-derived information or other calibra-
tions or adjustment to the data. According to the claimed
subject matter, a conversion function is applied to the
sensor signal, the conversion function taking into account
temperature correction. After a suitable conversion func-
tion is applied, the user may see an output similar to that
shown in e.g., Figures 3A to 3D.
[0077] In the scope of preventing the consequences
of diabetes, it is desirable to prevent hypoglycemia and/or
hyperglycemia episodes instead of simply generating
alerts when such episodes occur. For example, an alert
generated to indicate that without intervention a hypogly-
cemia episode will occur within 20 minutes would allow
the host or patient to ingest and absorb sugar in time.
[0078] Referring now to Figure 5, an example of a con-
tinuous trace of glucose values measured during a time
frame and having a threshold flag X1 and a predictive
flag x2 located thereon is shown. As presented in Figure
5, the example glucose trace embodies a graph having
a glucose level e.g., mg/dl, compared against a time
frame e.g., 24 hours.
[0079] As shown, there are three threshold values or
limits used in the monitoring of the glucose values in
some embodiments: TV1, TV2 and TVp. TV1 may be set-
table by the user and generally defines the upper limit or
upper glucose value that a user may operate at before
being alerted by the monitor. Similarly, TV2 may be set-
table by the user and generally defines the lower limit or
lower glucose value that a user may operate at before
being alerted by the monitor. TVp is the predictive thresh-
old, e.g., the threshold against which a predicted value
is compared. It should be appreciated that although the
illustrated embodiment envisions a threshold value,
threshold ranges or other criteria (e.g., glycemic states)
may alternatively be used.
[0080] As shown, TVp does not have a particular glu-
cose value given. This is because TVp is not settable by
the user according to the claimed subject matter; it is a
fixed value or permanent value set during factory set-
tings. In some embodiments, TVP may represent a dan-
gerously low glucose value e.g., be indicative of a serious
hypoglycemic event. In some embodiments, TVp may
represent a value at or around 55 mg/dL.
[0081] In some embodiments, TVp may be adaptively
determined based on TV2. For example, if the user sets
TV2 to be a relative high value, e.g., 90 mg/dL, an algo-

rithm or function may determine that TVP should be set
at 65 mg/dL. Conversely, if the user sets TV2 to be a
relative low value, e.g., 70 mg/dL, an algorithm or function
may determine that TVp should be set at 55 mg/dL. Ad-
ditionally or alternatively, the prediction horizon, PH, may
be preset or adaptively selected based on another pa-
rameter associated with prediction, for example, based
on TV2 selected and/or TVP.
[0082] Still referring to Figure 5, there are shown two
flags X1 and X2. Flag X1 may generally be considered a
threshold flag, and may be configured to alert the user
that a first threshold, e.g., TV2, has been met. In some
embodiments, threshold flag X1 operates to notify the
user in real time, or approximately real time (e.g., may
take into account processing delay, etc.) when a thresh-
old has been met or crossed. An example of using thresh-
old flag X1 is when the user wants to be notified of when
his glucose level hits a certain value, high or low. When
the user’s glucose value is determined to meet that pre-
determined user set value, the user may be notified via
an alert or alarm. Additional rate of change conditions
may be added (e.g. TV1 and rate of change increasing
at > 0.5 mg/dL/min or TV2 and rate of change decreasing
at > 0.5 mg/dL/min).
[0083] Flag X2 may generally be considered a predic-
tive flag, and may be configured to alert the user that a
second threshold, e.g., TVP, is predicted to be met within
a predetermined or predefined time frame or time horizon
PH. In some embodiments, predictive flag X2 operates
to notify the user in real time that a threshold is predicted
to be crossed or met in a predefined time frame, e.g., 20
minutes.
[0084] An advantage of the glucose monitoring profile
shown in Figure 5 is that prediction may be paired with
a threshold alert that is settable by the user, where an
alert will sound for whichever condition is met first (thresh-
old or prediction) Use of prediction algorithm parameters
(e.g., reliance on modeled versus measured data, time-
sensitive weighting of past data, prediction horizon PH,
and prediction threshold TVP) tuned in advance may in-
crease or optimize warning time for patients before a se-
vere event occurs and may minimize the number of nui-
sance/false alarms heard by user.
[0085] In some embodiments, the prediction parame-
ters (TVp and PH) may be invisible to the user and preset
or fixed. In some embodiments the prediction parameters
are determined from the sensor manufacturer using a
variety of historical data using e.g., the user’s historical
data, a population historical data, the particular sensor’s
historical data, etc.
[0086] Referring back to Figure 3A, an example glu-
cose trace of a user’s day is shown. From looking at the
trace, it can be appreciated that the glucose trace gen-
erally falls within a shaded or bound region 246. This
region may be generally referred to as a "target zone",
and the user is encouraged to "stay between the lines".
This region is generally viewable to a user on their mon-
itor or device with a viewing screen as can serve as a
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quick check on how a user’s glucose looked for a partic-
ular time period. Another example of the bound region is
shown in Figure 4A and designated as reference numeral
182.
[0087] In some embodiments, this shaded "target
zone" differs from the region defined by TV1 and TV2,
hereinafter referred to as the "alert boundary". In some
embodiments, TV1 and TV2 are not viewable by a user,
but are rather internal values used by appropriate algo-
rithms or functions to e.g., alert the user when necessary.
[0088] In other embodiments, the alert boundary may
be viewable to the user. It should be appreciated that
values, pictures or icons, or simple designations such as
"HIGH" and "LOW" may be associated with TV1 and TV2,
respectively. Additionally, TVP may be shown, as a sim-
ple alarm icon, for example.
[0089] In some embodiments, the predictive alerts may
be activated using a simple on/off button. Additionally, in
some embodiments, there may be one or more general
settings for prediction such as "sensitive", "normal", "non-
annoying" for different user needs. For example, a sen-
sitive prediction setting may use a PH = 30 minutes and
TVP = 70 mg/dL; a normal prediction setting may set val-
ues at PH = 20 min and TVP = 55 mg/dL; and a non-
annoying prediction setting may set values at PH = 10
min and TVP = 55 mg/dL.
[0090] It should be noted that, although the disclosure
focuses on prediction horizon and criteria associated with
prediction at low glucose (hypoglycemia), all of the prin-
ciples applied to hypoglycemic alarms/alerts may be im-
plemented for high glucose (hyperglycemia) as may be
appreciated by one skilled in the art.
[0091] Figure 6 is a flowchart 500 illustrating a process
for dynamically and intelligently providing a prediction
alert/alarm in accordance with an embodiment of the dis-
closure. As explained above, providing a predictive
alert/alarm is highly desirable as it may minimize and/or
prevent the number of hypoglycemia and/or hyperglyc-
emia episodes a user experiences.
[0092] At block 510, processor module 214 may be
configured to receive sensor data (e.g., a data stream),
including one or more time-spaced sensor data points,
from the sensor 10. The sensor data point(s) can be av-
eraged, smoothed, and/or filtered in certain embodi-
ments using a filter, for example, a finite impulse re-
sponse (FIR) or infinite impulse response (IIR) filter.
[0093] At block 520, processor module 214 may be
configured to evaluate the sensor data using a first set
of instructions or criteria. The first set of instructions or
criteria may include any algorithm suitable for determin-
ing if a data point has met one or more first predetermined
criteria associated with hypoglycemia or hyperglycemia.
Such predetermined criteria may be input by the user
using e.g., a menu for inputting various alert thresholds.
Alternatively, the predetermined criteria may be set ac-
cording to factory settings and may be fixed, such that
the user cannot change, e.g., the alert threshold. In some
embodiments, the predetermined threshold is saved in

e.g., a lookup table, and may depend on other parame-
ters such as time of day (e.g., more or less sensitive at
nighttime), historical patient information, or the like. In
other embodiments, more complex algorithms may be
used to define a user’s current glycemic state, rather than
static thresholds, such as static risk or dynamic risk mod-
els, where the criteria would be defined based on the
output of these complex algorithms or instructions (e.g.,
gradients, yes/no indicators, percentages, probabilities,
or the like).
[0094] In some embodiments, the sensor data com-
prises real time glucose values (e.g. blood glucose val-
ues (BGs)), calibrated glucose values (e.g., estimated
glucose values (EGVs)), rate of change of glucose val-
ues, direction of change of glucose values, acceleration
or deceleration of glucose values, insulin information,
event information, historical trend analysis results, and
the like. Consequently, in some embodiments, the proc-
essor module 214 may be configured to evaluate sensor
data using a first function to determine whether a real
time glucose value meets one or more first predeter-
mined criteria.
[0095] In some embodiments, the criteria may be
thought of as including at least one component. For ex-
ample, the criteria may be representative of a singular or
absolute value. In some embodiments, the criteria may
comprise two or more components. For example, the
threshold may be representative of a range of values.
Alternatively, the threshold may be representative of a
singular value associated with a time component. In other
embodiments, the threshold may be representative of a
singular value associated with a direction or rate of di-
rection.
[0096] As mentioned above, the one or more criteria
may be a first threshold value set by a user. For example,
the user may decide that he wants to be alerted whenever
his glucose reading drops to 70 mg/dL or 70 mg/dL and
rate of change is negative (indicative of decreasing glu-
cose level). In other cases, the user may decide that 70
mg/dL might be to too low of a reading, and wants to be
alerted whenever his glucose drops below 80 mg/dL. As
understood by those of skill in the art, there is a fine bal-
ance between being alerted too often, e.g., nuisance
alarms, and being adequately alerted when there is a
real event. Consequently, the user may be allowed to
have some input on how often he is alerted, based on
selecting the first threshold value. The higher the select-
ed value, the more sensitive the alert trigger, e.g., the
more often a user is going to be alerted.
[0097] In some embodiments, the first threshold may
be a user settable number or a qualitatively sensitive in-
dication for the threshold being crossed. The qualitatively
sensitive indication may include settings such as "sensi-
tive", "normal", "non-annoying", etc., as described above.
For example, the analyte monitoring system 8 may detect
a high number of alerts (e.g., > 2 a day) and prompt the
user with a question to determine if settings should be
adjusted to avoid unnecessary annoyances. For exam-
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ple, system 8 may suggest to the user to change the
qualitatively sensitive indication from sensitive to normal
or from normal to non-annoying if a higher than usual
number of alerts (e.g., twice as usual) are being provided.
[0098] In some embodiments, the first set of instruc-
tions or criteria may include any algorithm suitable for
determining if a data point has met or crossed a prede-
termined threshold. In some embodiments the first set of
instructions or criteria may include a more complex as-
sessment of glycemic state, including for example, other
parameters such as amplitude and/or direction of rate of
change of glucose, rate of acceleration/deceleration of
glucose, insulin and/or meal consumption. In some em-
bodiments, the first set of instructions or criteria may use
a measure of risk, such as the static risk and/or dynamic
risk models for continuous glucose monitoring data to
generate and determine whether a particular criterion has
been met. In some embodiments, the algorithm performs
its calculations on uncalibrated sensor data, after which
the results are converted into calibrated data and com-
pared to the criteria and/or threshold. Performing some
or all of the algorithmic processing on uncalibrated data
may be advantageous to reduce negative impacts of er-
ror or bias associated with calibration; however in some
embodiments, the algorithmic processing may be per-
formed on calibrated data.
[0099] In other embodiments, more complex algo-
rithms may be used to define a user’s predicted glycemic
state, rather than static thresholds, such as static risk or
dynamic risk models, where the input could include real-
time or predicted values and where the criteria would be
defined based on the output of these complex algorithms
(gradients, yes/no indicators, percentages, probabilities,
or the like).
[0100] At block 530, processor module 214 may be
configured to evaluate the sensor data using a second
set of instructions or criteria. In some embodiments, the
first set of instructions from block 520 is different than
the second set of instructions from block 530.
[0101] Similar to block 520, in block 530, the second
set of instructions or criteria may include any algorithm
or algorithms suitable for evaluating sensor data to de-
termine whether a glycemic state (hyper- or hypo-gyl-
cemia) is predicted, for example, by determining if a data
point is predicted or projected to cross a predetermined
threshold. Suitable algorithms include algorithms based
on polynomial and auto-regressive models, algorithms
based on Kalman Filtering (KF), artificial neural networks,
statistical and numerical logical algorithms, and machine
learning.
[0102] In some embodiments, the second set of in-
structions may use utilize an artificial neural network that
can consider other relevant information, if available, such
as food, exercise, stress, illness or surgery to predict a
future glucose value. The architecture may include three
layers, with a first layer gathering the inputs, a hidden
layer that transforms the inputs using polynomial or non-
linear functions, e.g. squaring, sigmoidal, thresholding,

and a third output layer that combines the outputs of hid-
den layer into output or predicted value(s). Neurons may
be totally connected and feedforward. One useful artifi-
cial neural network implementation is described by W. A
Sandham, D. Nikoletou. D. J. Hamilton, K. Patterson. A
Japp and C. MacGregor, in "Blood glucose prediction for
diabetes therapy using a recurrent artificial neural net-
work," in IX European Signal Processing Conference
(EUSIPCO), Rhodes, 1998, pp. 673-676. Each neuron
in second and third layers takes as input a weight com-
bination of outputs from the previous layer. These
weights are tuned to give the best predicted value through
a process called training. That is, a neural network starts
with an initial guess and using training and testing data
sets with known input and outputs, finds the best possible
weights to give optimal outputs. Once the training proc-
ess is complete, the network may be used to predict out-
puts for any new data. The network input information may
be the current glucose measurement and its timestamps
together with a limited number of previous glucose sam-
ples from the CGM system. The NNM (neural network
model) may take into account the glucose measurements
up to 20 minutes before the current time. Since the sam-
pling rate varies from one CGM system to another, the
number of the NNM inputs may be different for each da-
taset. The output of the network may be the glucose pre-
diction at the prediction horizon time.
[0103] In some embodiments, the second set of in-
structions may use an autoregressive model (first order,
second order or third order, for example) to predict a fu-
ture glucose value. One useful first-order autoregressive
model implementation is described by G. Sparacino, F.
Zanderigo. S. Corazza, A. Maran, A. Facchinetti and C.
Cobelli, in "Glucose Concentration can be Predicted.
Ahead in Time From Continuous Glucose Monitoring
Sensor Time-Series." Biomedical Engineering. IEEE
Transactions 011. 2007, voL 54, pp. 931-937. This algo-
rithm predicts the future glucose value by taking the cur-
rent glucose value y(n) and multiplying the previous glu-
cose value y(n-1) by some coefficient α. When glucose
is rising, α will be some value slightly larger than 1 and
when it is falling α will be a little less than 1. In this algo-
rithm, the model parameter (α) may be estimated recur-
sively (e.g., updated every 5 minutes to account for glu-
cose dynamics) to minimize the sum of squared residuals
for all pairs of predicted and current glucose values. An
estimate of alpha may be updated (e.g., using a weighted
least squares regression) every time a new sensor data
point is received (e.g., every 5 minutes). Prediction pa-
rameters (e.g., forgetting factor, prediction horizon, and
prediction threshold) may be tuned in advance to opti-
mize warning time for patients before a severe hypo event
occurs (e.g., 55 mg/dL), and to minimize the number of
nuisance/false alerts heard by patient. For example, the
direction of glucose changes over time, so a forgetting
factor m may be used to weight the most recent data more
heavily with a value between 0 and 1. Prediction horizon
and/or prediction thresholds may be predetermined by
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the system and/or user selectable as described in more
detail elsewhere herein.
[0104] In some embodiments, the first order autore-
gressive model includes a forgetting factor, a prediction
horizon and a prediction threshold tuned to provide no
more than one additional alarm per week based on a
retrospective analysis comparing the use of the first func-
tion and the second function together as compared to
the first function alone. In some embodiments, this is at
least partially achieved by monitoring the user’s qualita-
tively sensitive indication and prompting or urging the
user to select the appropriate setting.
[0105] In some embodiments, the second set of in-
structions may use a Kalman filter (an optimal estimation
method) to predict a future glucose value. The Kalman
filter trades off the probability that a measured glucose
change is due to sensor noise versus an actual change
in glucose, to obtain the maximum likelihood estimate of
glucose (and its first and second derivatives). One useful
Kalman Filter implementation is described by Palerm, C.
and Bequette, W. in "Hypoglycemia Detection and Pre-
diction Using Continuous Glucose Monitoring- A Study
on Hypoglycemic Clamp Data," J Diabetes Sci Technol.
2007 September; 1(5): 624-629. The states are the blood
glucose concentration (gk), its rate of change (dk, e.g.,
the velocity), and the rate of change of the rate of change
(fk, e.g., the acceleration). The latter is assumed to vary
in a random fashion, driven by input noise Wk (with co
variance matrix Q), which describes changes to the proc-
ess. The sensor glucose measurements are assumed to
contain noise, described by Vk (with covariance matrix
R). Prediction model parameters (e.g., Q/R ratio, predic-
tion horizon, and prediction threshold) may be tuned in
advance and/or user selectable.
[0106] In some embodiments, the second set of in-
structions or function may optionally include a mecha-
nism to include user input, such as insulin, exercise,
meals, stress, illness, historical patient information (e.g.,
patterns or trends), etc.
[0107] In some embodiments, the sensor data com-
prises real time glucose values, (e.g. blood glucose val-
ues (BGs)), calibrated glucose values (e.g., estimated
glucose values (EGVs)), rate of change of glucose val-
ues, direction of change of glucose values, acceleration
or deceleration of glucose values, insulin information,
event information, historical trend analysis results, and
the like Consequently, in some embodiments, the proc-
essor module 214 may be configured to evaluate sensor
data using a second function to determine whether a pre-
dicted glucose value meets one or more predictive alarm
criteria.
[0108] The second predetermined criteria may include
a single value, a range of values, a direction associated
with the value, a rate of direction, etc. According to the
claimed subject matter, the second criteria include a pre-
determined threshold, which is a fixed value set as part
of factory settings. For example, it may be desirable to
have a second threshold that the user cannot manipulate

or change because of the importance associated with
the threshold. For example, in some embodiments, the
second predetermined threshold may represent a value
that is indicative of a severe hypoglycemic event, e.g.,
55 mg/dL.
[0109] In some embodiments, the second predeter-
mined criteria is determined based on a probability of
hypoglycemia within a particular time frame, which may
account for the rate at which sensor data is changing,
the direction the sensor data is going, the current glucose
level, past history of glucose change, insulin information,
meal information, exercise information, etc. An example
of applying additional criteria to the processor module
214 is that if hypoglycemia is predicted in the near future
but the current glucose level is 200 mg/dL then that pre-
diction is not probable or likely, thus, limits on glucose
value, rates of changes, and the like, may be applied.
Another example, this time of using meal information, is
that if the user indicated that they recently ate a meal,
then it may be the glucose will quickly turn around and it
is not necessary to alert them at this time.
[0110] In some embodiments, the second predeter-
mined criteria may be at least partially or adaptively
based on the first predetermined threshold. For example,
a suitable set of algorithms or functions may base e.g.,
the prediction horizon and/or the second predetermined
threshold on the first predetermined threshold.
[0111] In some embodiments, the second set of in-
structions is completely predictive, meaning that the in-
structions use past and/or current data to determine if a
user will meet or cross through the second predetermined
threshold in a predetermined time frame or horizon. The
predetermined time frame or horizon is preferably long
enough for a user to take action to turn around a predicted
event. For example, the predetermined horizon may be
at least 15 minutes in some embodiments, at least 20
minutes in some embodiments, and at least 30 minutes
in some embodiments.
[0112] In some embodiments, the predetermined time
frame or horizon may have addition capabilities or take
additional information into consideration when setting the
time frame. For example, as is known by those of skill in
the art, some continuous glucose monitoring systems
sense glucose in the interstitial fluid, rather than blood
(e.g., capillary blood from which finger stick measure-
ments are traditionally derived). Consequently, there
may be a time lag between the value measured and the
actual blood glucose value, e.g. 5 minutes or more. In
some examples the time lag can be as small as 0 minutes,
where in other examples the time lag is as large as 15
minutes or more. There may also be variability in the time
lag, which may be represented by a standard deviation
in the measurement, e.g., 10 minutes for a 5 minute lag.
[0113] As sensors become more accurate through im-
proved sensor design, the inaccuracy due to time lag
may become a more substantial contributor to the total
error. While not wishing to be bound by any particular
theory, it is suspected that physiology, time since the
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sensor was inserted, glucose state (hypo- or hyper-), glu-
cose rate of change, knowledge of filtering performed,
and other variables may influence the amount of time lag
a sensor will experience. Consequently, in some embod-
iments, a time lag adjustment algorithm or set of instruc-
tions may be used in determining or in conjunction with
setting the predetermined time frame or time horizon. In
some embodiments, the time lag adjustment set of in-
structions uses near time prediction to predict and display
the estimated glucose value at a future point in time, e.g.
from about 2.5 minutes to about 15 minutes, depending
on additional information e.g., obtained through algorith-
mic or alternate detection means. For example, informa-
tion that may influence the prediction horizon include:
time since the sensor was inserted, glucose state or rate
of change, adaptive learning algorithms that can learn
what each individual’s average time lag is and apply a
unique setting, etc. Consequently, in some embodi-
ments, a time adjustment lag algorithm may use as one
or more inputs, one or more of the following variables:
time since the sensor was inserted, glucose state or rate
of change, user a priori information. In some embodi-
ments, additional sensors may be implemented to direct-
ly or indirectly measure time lag. An example sensor
could be the use of impedance data between the working
and reference electrodes that are separated in space or
between an electrode at the sensing area and a second-
ary electrode on the surface of the skin.
[0114] In some embodiments, blocks 520 and/or 530
may be iteratively repeated with the receipt of any new
data, including data derived from the sensor, another
medical device (e.g., insulin delivery device) and/or the
user or host (via user input) prior to the activation of a
hypoglycemic indicator.
[0115] At block 540, processor module 214 may be
configured to activate a hypoglycemic indicator if either
the first criteria is met or if the second criteria is predicted
to be met. In some embodiments, the processor module
214 is configured to determine which set of instructions
has met its criteria (e.g., 520 or 530 where x1 or x2 is
flagged). For example, the first set of instructions may
determine first threshold has been met at 8:47 pm in block
520, using real time data. In the same example, the sec-
ond set of instructions may determine second threshold
is predicted to be met at 9:00 pm in block 530, using the
20 minute prediction horizon. In this example then, where
both the first and second evaluations have met their cri-
teria, either or both may be used in subsequent process-
ing.
[0116] As described above, the hypoglycemic indicator
may comprise a single indicator representative of which-
ever function determines or predicts that a threshold will
be crossed first in time. In some embodiments, the hy-
poglycemic indicator comprises a flag that has a partic-
ular set of instructions associated with it, depending on
whether the first evaluation using the first criteria (x1) or
the second evaluation using the second criteria (x2) were
met. The responses to the first or second evaluations

may also be differentiated in processing and/or output
differently. In some embodiments, where both evalua-
tions show criteria being met, there is unique processing
and output indicating both actual and prediction-based
criteria were met. Alternatively, rules may be provided to
determine which criteria were met.
[0117] For example, in some embodiments, the x1 and
x2 flags may be differentiated on the user display or user
interface 222. In some embodiments, the user interface
222 may be configured to show the simultaneous display
or both criteria (x1 and x2), such as "x1 is at 76 mg/dL"
and "x2 is predicted to be at 55 mg/dL in 20 minutes."
[0118] At block 550, processor module 214 may be
configured to provide an alert or alarm if warranted by
the detection of a threshold being met or predicted to be
met, as represented by the hypoglycemic indicator. In
some embodiments, the processor module 214 provides
an alarm or alert based on the detection of the threshold
that is met or predicted to be met at an earliest time point.
In some embodiments, providing an alert based on the
earliest detected or predicted threshold is desirable be-
cause it may provide a user more time to turn around an
actual or predicted a hypoglycemic and/or hyperglycemic
event.
[0119] In addition to sending any of the above-de-
scribed sensor data to an insulin delivery device, in some
embodiments, the processor module 214 may send a
message to an insulin delivery device including at least
one of: a) suspend insulin delivery (e.g. configured to
suspend a basal or bolus delivery of glucose in an insulin
delivery device responsive to sensor data meeting a pre-
determined criterion), b) initiate a hypoglycemia and/or
hyperglycemia minimizer algorithm (e.g. an algorithm
configured to control a user’s blood glucose to a target
range using an automatic insulin delivery device), c) con-
trol insulin delivery responsive thereto or d) information
associated with the alert (e.g., hypoglycemia indicator).
Sensor data and/or messages may be sent directly to a
dedicated insulin delivery device or indirectly through a
controller, such as in a smart phone or via the cloud.
Some embodiments provide the necessary sensor data
useful for a hypoglycemic hypo-avoidance system to be
sent to the insulin delivery device, for example, a hypogly-
cemic indicator may include information useful for deter-
mining when and for how long to suspend or reduce basal
insulin delivery (e.g., predicted glucose value and pre-
diction horizon, rate of change of glucose, static risk, dy-
namic risk) or may send the actual instructions (e.g., sus-
pend basal delivery for 20 minutes).
[0120] In some embodiments, the alert and/or alert set-
tings may be manipulated by a user or set one or more
thresholds (e.g., from about 60-100 mg/dL). In some em-
bodiments, the user can disable/enable the first and/or
second functions. In some embodiments, a single mes-
sage indicating an "early warning" or alert may be pro-
vided to the user. In some embodiments, particularly in
the context of a closed loop or semi-closed loop systems,
the settings are configured based on a control algorithm,
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which may be programmable or downloadable by a user.
[0121] In some embodiments, the alert may be select-
ed from the group including: audible, tactile, visual and/or
data transmissions (e.g., to a remote monitoring site) to
subsequent audible, tactile and/or visual output to a user
interface 222. For example, if a child host’s alarm is ac-
tivated, the data may be transmitted to a parent’s smart-
phone (and the same or different alarm information may
be provided). In such an example, the child host may
receive an audible alarm, while the parent may receive
a detailed glucose log. In some embodiments, if the first
function determines that the first threshold is met first, an
alert is provided to a user. In other embodiments, if the
second function predicts that the second threshold will
be met first, an alarm is provided to a user.
[0122] In some embodiments, a prediction alarm could
trump a threshold alert to give a greater sense of urgency.
For example, if the prediction alarm is associated with a
reading of 55 mg/dL having a 20 minute prediction hori-
zon, and the threshold alert is associated with a reading
of 70 mg/dL, the prediction alarm indicator would be con-
figured to control the alert screens and output.
[0123] In some embodiments, prediction alarm
sounds/screens may convey a greater sense of urgency
than the settable threshold alert. A rationale for having a
differing sound/screen for alarms and alerts is to assist
the user in understanding the difference between the two
thresholds, e.g., that one may be a routine alert, while
the other is indicative of a serious event. In some em-
bodiments, whichever alert is met or predicted to be met
first in time, is the alert conveyed to the user. It should
be appreciated that these predictive and threshold alerts
are different than target alerts, which may be used to
"keep a user between the lines", such as described above
with respect to Figures 3B and 4A. In some embodiments,
information from the results of both the first and second
sets of instructions may be combined and relayed on a
user interface, whether or not they both met certain cri-
teria. For example, a combined alert screen would in-
clude both a predictive alarm (e.g., an indication that the
host is below the alert threshold (TV2) and is predicted
to be below predicted threshold TVP within 20 minutes
or an indication that the host is below the alert threshold
(TV2) but is not predicted to be below predicted threshold
TVP within 20 minutes). In some embodiments, additional
information, such as therapy recommendations or re-
quests for additional information may be displayed.
[0124] Once a hypoglycemic alert or alarm has been
triggered, the processor module 214 may continue onto
the post-alert monitoring, described in more detail below.
Additionally or alternatively, where a system includes re-
mote monitoring (e.g., a remote electronic device receiv-
ing and tracking a user, such as a parent’s cell phone or
a caretaker’s personal computer), once a hypoglycemic
alert has been triggered, and sent to the remote device,
an increase in communication, data transmission, or the
like, may be initiated to allow the caretaker or parent to
more closely monitor the patient during hypoglycemic or

predicted hypoglycemic events. The increase in commu-
nication or data transmission can include more frequent
pushing and pulling of sensor data, additional input from
or messaging to or from the remote device, or the like.
The request for additional information may originate at
the remote device and processor module 214 may be
configured to receive and process such requests for ad-
ditional information directly from the remote device.

Post-Alert Monitoring

[0125] Another issue commonly confronted with con-
tinuous glucose monitors, is that once an alert or alarm
is triggered, the user may remain at or about the threshold
value that triggered the alert, and may thereafter continue
to trigger repeat or redundant alerts. Such alerts may be
a nuisance to the user, causing them to suspend (e.g.,
snooze) alert/alarm feature of the monitor. A snooze that
considers only time (e.g., rather than additional sensor
data) may be undesirable, as there may be situations
following the initial trigger of an alarm that would require
an additional alarm to be provided to the user. If the user
has suspended the alert/alarm feature, and suspend or
"snooze" feature is solely time-based, the user may not
be aware that they are in danger of approaching a hy-
poglycemic and/or hyperglycemic event during suspend
or snooze time period.
[0126] Referring now to Figure 7, an example of a con-
tinuous trace of glucose values measured during a time
frame showing different scenarios that may cause an
alert/alarm to be repeated is shown. Similar to Figure 5,
in Figure 7, the example continuous glucose trace may
embody a graph having a glucose level e.g., mg/dL, com-
pared against a time frame e.g., 24 hours.
[0127] As shown, there are three threshold values or
limits used in the monitoring of the glucose values: TV1,
TV2 and TVP. These values have already been discussed
in the Figure 5 discussion above.
[0128] In Figure 7, there is a region or zone defined
between a first and second time point TA1S and TA1E.
Time point TA1S may generally be referred to as a time
that the first alert begins or starts. Assuming the user has
acknowledged the alert soon after Time point TA1S, Time
point TA1E may generally be referred to as the time that
the user’s glycemic state changes. As shown, at TA1S,
a user may first be provided an alert that a threshold
value TV2 has been met. In the time interval following
TA1S, the user’s glucose value generally hovers or oscil-
lates around the same glucose level that triggered the
initial alert, during which time re-alerts should not occur,
and after which re-alerts should occur.
[0129] In some conventional systems, each time a us-
er’s glucose value would cross a threshold such as TV1
and TV2, the user would be alerted again that a threshold
had been crossed. This would be annoying at best, and
may even influence a user to turn off the alarms of the
sensor following the first alert TA1S. Further, if the user
turned off or even "snoozed" or the one or more threshold
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alerts (e.g., at 80 mg/dl) using a simple time-based
snooze, the user may not be aware of the worsening
condition after TA1E.
[0130] Still referring to Figure 7, the region or zone
where the glucose value oscillates may be further defined
by a first and/or second glucose threshold TVZ1 and TVZ2.
First glucose threshold value TVZ1 may generally be re-
ferred to as the upper region or zone limit for a value that
oscillates around e.g., TV2. Second glucose threshold
value TVZ2 may generally be referred to as the lower
region or zone limit for a value that oscillates around e.g.,
TV2. In some embodiments, taken together, TVZ1 and
TVZ2 provide a buffer zone, which also may be referred
to as a margin (e.g., +/- 5, 10, 15% or +/- 5, 10, 15, 20
mg/dL) above and below a threshold value that would
trigger an initial alert by which few, if any, repeat alerts
are provided to the user. In other words, after the initial
alert is provided to the user at TA1S and the user ac-
knowledges the alert, the user may not be re-alerted until
after TA1E, e.g., when the glucose value exits the buffer
zone (e.g., change in glycemic state). In some embodi-
ments, TVZ1 and TVZ2 may have asymmetrical bounds
and/or no lower bound (no TVZ2). For at least the reason
that the glucose trace scenario suggests, more intelligent
and dynamic decision making may be advantageous
such that a user is not overly alarmed in certain situations
(e.g., between TA1S and TA1E), but sufficiently alarmed
in other situations (e.g., after TA1E). Such a buffer zone,
also referred to as margins or deltas herein, may be bi-
directional and/or asymmetrical depending on the con-
dition.
[0131] Figure 8 is a flowchart illustrating a process 700
for dynamically and intelligently monitoring the hosts’ gly-
cemic condition after activating an alert state based on
the sensor data meeting one or more active transition
criteria associated with a hypoglycemic condition or hy-
perglycemic condition, for example, as described with
reference to block 540. Additionally, post alert monitoring
may be applied for any alarm or alert, whether evaluating
against multiple criteria as in blocks 520 and 530, or sim-
ply compared against a single threshold (e.g., hypogly-
cemic or hyperglycemic threshold). In some embodi-
ments, the triggering of an alert or alarm is merely the
flagging or marking of the alert or alarm, for example,
some hyperglycemic alert conditions include a wait time
(e.g., 0 to 120 minutes), for example, an "enable wait
before first alert" option that the user can set/enable.
When this input enabled, the wait time will be applied
before alerting the user for the first time, as described in
more detail elsewhere herein, unless the actively moni-
toring determines a worsening condition.
[0132] In some embodiments, the triggering of an alert
or alarm includes providing the alert or alarm to the user.
In general, the processor module may be configured to
provide an output associated with the active alert state,
wherein the output is indicative of the hypoglycemic con-
dition or hyperglycemic condition. In some embodiments,
the post-alert monitoring will begin regardless of whether

a user has acknowledged the alert, where the acknowl-
edgement will alter the post-alert state as described else-
where herein. In some embodiments, post-alert monitor-
ing begins with a transition from the active state to the
acknowledged state.
[0133] Criteria for triggering an alert, also referred to
as transitioning from an inactive state to active state or
activation criteria, may be any criteria or threshold asso-
ciated with hypoglycemia or hyperglycemia. Activation
criteria may include glucose value, predicted glucose val-
ue, rate of change of glucose (direction and/or ampli-
tude), rate of acceleration of glucose (direction and/or
amplitude), static risk models, dynamic risk models, or
the like. Additionally or alternatively, activation criteria
disclosed for transitioning 1055 from inactive state 1030
to active state 1010 may initiate the dynamic and intelli-
gent monitoring the hosts’ glycemic condition after acti-
vating an alert state associated with hypoglycemia or hy-
perglycemia.
[0134] At block 710, processor module 214 may be
configured to actively monitor data associated with the
host’s hypoglycemic or hyperglycemic condition for a
time period following the triggering or an alert/alarm to
the user (e.g., as described in Fig. 6 and associated text)
and/or user acknowledgement. In some embodiments,
the user or host has acknowledged the initial alert. As
described in more detail elsewhere herein, acknowledge-
ment of an alarm may include a user interaction with the
system ("user action"), such as a button or menu selec-
tion, or other data input (e.g., meal or insulin information
entered). Additionally or alternatively, acknowledgement
of an alarm may be based on monitoring of data associ-
ated with the glycemic state, including sensor data, in-
sulin data, meal data, or the like. In some embodiments,
the acknowledgement may come from a remote monitor,
such as a parent’s cell phone, or the like. Acknowledge-
ment of an alarm may cause the processor module 214
to transition from the active state to the acknowledged
state, during which active monitoring may occur.
[0135] In some embodiments, processor module 214
actively monitors data associated with the host’s hypogly-
cemic or hyperglycemic condition for a time period in the
acknowledged state or continuously while in the acknowl-
edged state until a state transition to inactive (e.g. based
on inactivation criteria). In some embodiments, proces-
sor module 214 monitors sensor data or other data re-
ceived post-alert activation. For example, the data may
include information such as: sensor data (e.g., glucose
levels, trends, distances between peaks and valleys in-
dicative of meal timing, etc.), sensor diagnostic informa-
tion (noise indicators), meal information (e.g., caloric in-
take and time of intake), insulin information, or other
event information. In some embodiments, actively mon-
itoring data includes determining an average glucose
over a window of time, an amplitude and/or direction of
rate of change of glucose or an amplitude and/or direction
of rate of acceleration of glucose.
[0136] In some embodiments, processor module 214
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tracks how quickly and/or how often the user acknowl-
edges the alarms to determine further processing. For
example, patterns that evaluate timing of user acknowl-
edgement, information about the type of alert that was
triggered and/or resulting recovery from the condition
may be evaluated and future acknowledgements or alerts
modified based thereon. In general, however, the proc-
essor module 214 may process alarms based on the as-
sumption that a user acknowledgement of the alert/alarm
indicates the user is aware of the conditions. Accordingly,
re-alert conditions may be different, e.g., more stringent,
in some embodiments, as described herein.
[0137] In some embodiments, the sensor data is ac-
tively monitored during the acknowledgement time peri-
od, also referred to as the active monitoring time period.
Suitable time periods include, for example, 20 minute,
40 minute, 60 minute, etc., time periods, and may be user
settable. Such time periods may commence or begin at
the first data point following the alert or alarm triggering
data point. In some embodiments, the user may be al-
lowed to select the time period. In some embodiments,
the post-alert sensor data monitoring continues until the
alert is inactivated, as described in more detail elsewhere
herein.
[0138] At block 720, processor module 214 is config-
ured to transition from the acknowledged state to at least
one of an inactive state or active state responsive to the
data associated with the host’s hypoglycemic or hyper-
glycemic condition meeting one or more predetermined
criteria. The processor module 214 may determine if
there has been a change in state based on the sensor
data or other data associated with the host’s glycemic
condition. In some embodiments, the change in state
may be indicative of a change in the host’s glycemic con-
dition.
[0139] In some embodiments, a change in state may
be a positive event, such as an indication that a user has
safely turned around a predicted hypoglycemic event,
which may trigger the acknowledged state to recognize
a sub-state of recovery and/or inactive state, as de-
scribed in more detail elsewhere herein. In other embod-
iments, a change in status may be a negative event, such
as an indication that a user has dropped further toward
a hypoglycemic event (e.g., acceleration/deceleration
analysis of the sensor data) for a particular time period
(e.g., 20 minutes), with or without a sub-state of recovery
being determined. In this second example discussing the
negative event, it may be desirable to reactivate the alert,
even when a user has acknowledged the alert. This sec-
ond alert or alarm may be valuable in warning the user
that his condition is declining - that whatever action he
took following the first alarm, if any, was insufficient to
turn around or improve his glucose reading. In some em-
bodiments, a status change indicative of such a negative
event may override an acknowledged state (described
elsewhere herein), causing the system to transition back
into an active alert state (also referred to as re-alert or
reactivation). However, if the system was already in an

active alert state (e.g., unacknowledged by a user), the
resulting output may escalate, e.g., louder and more fre-
quent, and/or may result in a communication with 911, a
care taker, or the like.
[0140] In some embodiments, processor module 214
may be configured to determine no change has occurred
over the last x minutes, for example 15, 30, 45 or 60
minutes, such as described with reference to conditions
associated with remaining in a particular state (e.g., ac-
tive state) and/or reactivation conditions as described in
more detail elsewhere herein. No change may occur, for
example, in situations where the data points are hovering
around the threshold value that triggered the initial alert
(e.g., with low rates of change). It may be appreciated
that in such situations, each time a data point crosses
the threshold in an undesirable direction, e.g., below a
threshold for a hypoglycemic event or above a threshold
for a hyperglycemic event, an alert or alarm would be
triggered in conventional systems. This is typically
thought of as a nuisance, and may be a reason a user
would act to turn off his alerts or become desensitized to
the alerts. In these situations, the intelligent post-alert
monitoring algorithms would likely avoid these annoying
alerts (e.g., as long as a user remains in the same state
and/or reactivation conditions have not been met, which
are described in more detail elsewhere herein).
[0141] As used herein, the user may be in different
monitoring "states" such that processor module 214 can
detect when the user transitions from one state to anoth-
er. Examples of such states include, for example, "ac-
tive", "inactive" and "acknowledged".
[0142] The active state is herein defined as an alert
state post-alert trigger, where data is being monitored to
determine whether to change the alert state to "acknowl-
edged" or "inactive." The active state may be entered
from an inactive and/or acknowledged state by compar-
ing data (sensor, glucose, insulin, user provided informa-
tion, etc.) against different criteria, respectively for each
state transition. Re-alerts and/or reactivation of the alerts
may occur in this state, which escalate the initial alert,
even when an acknowledgement has not occurred.
[0143] The inactive state is herein defined as an alert
state post-alert trigger, where evaluation of data indicates
the glycemic state is in a safe or target zone. The inactive
state may be entered from an active and/or acknowl-
edged state by comparing data (sensor, insulin, user pro-
vided information, etc.) against different criteria, respec-
tively for each state transition.
[0144] The acknowledged state is herein defined as
an alert state post-alert trigger, where the user has ac-
knowledged an alert and/or alarm and where no addi-
tional alerts/alarms will be provided for a predetermined
time period, unless certain re-activation criteria are met
(wherein the reactivation criteria are different and/or
more stringent that the initial activation criteria, for exam-
ple, which is described in more detail elsewhere herein).
The acknowledged state may be entered from the active
state based on user interaction and/or data indicative of
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a recovery from the hyper- or hypoglycemic condition. It
should be appreciated that the terms used herein for the
states and/or functions are merely descriptive and may
go by other names, provided the functions remain sub-
stantially the same.
[0145] In some embodiments, a user may acknowl-
edge an alert by pressing a button, selecting a menu
screen, or the like. In some embodiments, a timer is set
for a predetermined time period when the system enters
the acknowledged state, after which predetermined time
period the state may automatically transition into active
and/or inactive based on selected conditions.
[0146] In some embodiments, the acknowledged state
evaluates data associated with the hosts’ glycemic con-
dition (including glucose, meal and/or insulin information)
and may transition into the acknowledged state based
on the evaluation indicating the host’s recovery from the
glycemic condition that triggered the alert. The host’s re-
covery may be also considered as a sub-state of acknowl-
edged and may be determined by comparing data (sen-
sor, glucose, insulin, user provided information, etc.)
against different criteria, respectively for each state tran-
sition. Re-alerts may be suspended for some time period,
when in the acknowledged state and/or acknowledged
and recovering sub-state.
[0147] In some embodiments, if the user does not ac-
knowledge the alert, the alert remains in active state. In
some embodiments, if the user does not acknowledge
the alert after X minutes (e.g., 5, 10, 15 minutes), the
alert may be escalated via output to a secondary display
device, a remote monitor, emergency contact, etc. Sim-
ilarly, if the conditions worsens during active monitoring
(e.g., in acknowledged state), the alert may be escalated
via output to a secondary display device, remote monitor,
emergency contact, etc.
[0148] An example showing the various transitions
from one state to another is provided in the discussion
of Figure 11 below. It should be appreciated that using
different states to describe that user or host’s glycemic
condition is useful in tracking the user’s condition after
an alert or alarm has been triggered. Thus, certain trends,
such as a user’s glycemic condition improving or just hov-
ering about a non-serious alert may be reason enough
to discontinue alerting the user. However, other trends,
such as a user’s rapid decline in glycemic condition or
even hovering about a serious alert, may be reason to
continue to warn or alarm the user. A number of suitable
responses (e.g., associated with reactivation of an active
alert) may be saved in an e.g., lookup table, depending
on the state transition and other known information.
[0149] Referring now to Figure 11, a state diagram
1000 is provided that shows the transitions between the
following states: active (A) 1010, acknowledged (K)
1020, and inactive (I) 1030. These states and their tran-
sitions may be described as follows:
[0150] Upon activation of an alert, the processor mod-
ule transitions (1055) from an inactive state (1030) to an
active state (1010). Conditions for activation include var-

ious criteria or thresholds, hereinafter referred to as "ac-
tivation criteria" or "activation conditions", useful for de-
tecting actual or upcoming hyperglycemia or hypoglyc-
emia, such as described in more detail elsewhere herein
(e.g., Fig. 6). Alert conditions are met as designated by
reference numeral 1055. In addition to sensor data (glu-
cose values, derivatives (rate of change) and double de-
rivatives thereof (acceleration)), alert conditions may re-
late to other data including insulin data and/or user input
(meal information, exercise information, etc.). Addition-
ally, embodiments discussed herein with respect to re-
activation may be applied here (e.g., analysis of static
risk and/or dynamic risk). However, regardless of the de-
tection method for an active hypoglycemic or hyperglyc-
emic condition, the disclosed active monitoring and state
transitions may apply.
[0151] In some embodiments, certain of the following
activation conditions may apply for a state transition from
inactive to active based on a hyperglycemic condition:
the glucose level exceeds a predetermined threshold
(e.g., 160, 180, 200, 220 mg/dL); the average glucose
level over a predetermined time period (e.g., 10, 20, 30,
40 minutes) is more than a predetermined threshold (e.g.,
160, 180, 200, 220 mg/dL); the current glucose level is
more than a predetermined threshold plus a predeter-
mined margin (e.g., 25, 50, 75 mg/dL); and/or the rate of
change of glucose is greater than a predetermined
threshold (e.g., - 0.5 mg/dL).
[0152] In some embodiments, the following activation
conditions may apply for a state transition from inactive
to active based on a hypoglycemic condition: glucose
level is less than a predetermined threshold (e.g., 80, 60,
60 mg/dL); glucose level is less than a predetermined
threshold and rate of change is less than is a predeter-
mined rate (1.0 mg/dL/min, e.g., not rising rapidly); or
glucose level is predicted to go below a second threshold
(e.g., 55 mg/dL) within a prediction horizon (e.g., 10, 15,
20 minutes).
[0153] In some embodiments, transitioning (1080)
from the active state (1010) to an acknowledged state
(1020) is based on data or acknowledgement criteria in-
dicative of the host’s glucose trending toward euglyc-
emia, wherein the data may include sensor data indica-
tive of a change in glucose trend and/or insulin informa-
tion associated with a correction of the condition.
[0154] For example, upon activation of an alert indic-
ative of hyper- or hypoglycemia, sensor data indicative
of a change in glucose trend may include evaluating sen-
sor data whereby a direction and/or amplitude of glucose
level, rate of change of glucose level or acceleration/de-
celeration of glucose level indicative of a trend back to-
ward euglycemia (e.g., change in direction or trend) is
sufficient to automatically transition from active to ac-
knowledged state (with or without user interaction with a
user interface). A trend back toward euglycemia may also
flag or trigger a "recovering" sub-state, which is a status
within the acknowledged state indicative of trend back
toward euglycemia. In one example, after an active tran-
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sition associated with a hyperglycemic condition, a state
transition to acknowledged, but recovering sub-state,
may be based on an acknowledgement criteria or con-
dition such as the glucose level (or average glucose level
over a predetermined time period) is less than a prede-
termined threshold minus a delta (e.g., 10, 15, 20 mg/dL),
and in some examples with a condition on rate of change
trending toward euglycemia (e.g., decreasing faster than
about 1 mg/dL/min). Similarly, after an active transition
associated with a hypoglycemic condition, a state tran-
sition to acknowledged, but recovering sub-state, may
be based on an acknowledgement criteria or condition
such as the glucose level (or average glucose level over
a predetermined time period) is greater than a predeter-
mined threshold plus a delta (e.g., 10, 15, 20 mg/dL), and
in some examples with a condition on rate of change
trending toward euglycemia (e.g., increasing faster than
about 1 mg/dL/min).
[0155] In some embodiments, transitioning (1075)
from the active state (1010) to an acknowledged state
(1020) is based on acknowledgement criteria indicative
of a user acknowledgement of the alert on a user inter-
face, user input insulin information and/or user input of
meal information. For example, the user may hit a touch
screen "button" to acknowledge the alert. Additionally or
alternatively, when the continuous glucose sensor is op-
erably connected to an insulin delivery device (including
a remote programmer associated therewith), changes
associated with basal or bolus delivery profiles or
amounts may be considered as user input, particularly
when the change was initiated by user interaction. Sim-
ilarly, when the continuous glucose sensor is operably
connected to an electronic device (or integral with the
electronic device) capable of receiving meal information
(e.g., carbohydrates and timing of consumption), such
meal information may be considered as user input. In
some embodiments, user input may come from another
electronic device (e.g., via remote monitoring from a par-
ents’ smart phone, or the like).
[0156] In some embodiments, transitioning (1085)
from the acknowledged state (1020) to the inactive state
(1030) is based on the sensor data no longer meeting
one or more active transition criteria associated with a
hypoglycemic condition or hyperglycemic condition
and/or based one or more inactive transition criteria (e.g.,
that may be different from the one or more active transi-
tion criteria associated with the a hypoglycemic condition
or hyperglycemic condition (e.g., associated with the in-
itial alert). Additionally or alternatively, transitioning
(1080) from the acknowledged state to the inactive state
may be based on insulin data and/or meal information.
In some embodiments, transitioning (1090) includes a
time element, for example, after the expiration of an ac-
knowledgement (active monitoring) time period, which
may be fixed and/or user settable.
[0157] Inactivation criteria for transitioning from ac-
knowledged to inactive may be similar to or the same as
conditions for inactive to active (except that acknowl-

edged state would be entered when the one or more first
or second criteria (e.g., see Figure 6) were not met and/or
for transitioning from active to inactive. In some embod-
iments, certain of the following inactivation criteria or con-
ditions may apply for a state transition from acknowl-
edged to inactive based on a hyperglycemic condition:
the average glucose level over a predetermined time pe-
riod (e.g., 10, 20, 30, 40 minutes) is less than a prede-
termined threshold (e.g., 160, 180, 200, 220 mg/dL); mi-
nus a predetermined delta (e.g., 10, 15, 20 mg/dL); the
acknowledge time period has expired and the glucose
level is less than a predetermined threshold (e.g., 160,
180, 200, 220 mg/dL); and/or the rate of change of glu-
cose is dropping at a predetermined rate.
[0158] Alternatively, the inactivation criteria for transi-
tioning from acknowledged to inactive may be different
(e.g., more stringent). In addition to sensor data, other
data including insulin data and/or user input may be con-
sidered for the state transition criteria. In some embodi-
ments, the following inactivation criteria or conditions
may apply for a state transition from acknowledged to
inactive based on a hypoglycemic condition may include
determining whether the glucose value has increased by
more than a predetermined amount (e.g., 10, 15, 20
mg/dL, which may be indicative of some user action) and
whether the glucose value has risen above the threshold
condition (e.g., from the first function). Inactivation con-
ditions for the real-time alert (first function) and predictive
alert (second function) may be the same or different. In
some embodiments, a positive glucose rate of change
(increasing rise rate) exceeding a certain value may be
used as a condition because it may be assumed that the
rise rate is indicative of the user taking some preventive
action. In some embodiments, the rise rate condition may
be combined with a glucose value threshold condition.
In some embodiments, the glucose value rise rate con-
dition is 0.25, 0.5, or 1 mg/dL/min.
[0159] In some embodiments, in cases where a hy-
poglycemic condition has triggered an active state, and
active monitoring after user acknowledgement, the state
may transition from acknowledged state to inactive state
prior to the expiration of the acknowledgement time pe-
riod based on inactivation criteria or data indicative of
hypoglycemic conditions significantly improving for ex-
ample, a determination that the host’s glucose level is
greater than the low threshold plus a delta and the pre-
dicted glucose level for the prediction horizon is more
than some predetermined limit (which may be the same
or different from that prediction horizon or threshold of
initial activation).
[0160] In some embodiments, transitioning (1060)
from the acknowledged state (1020) to the active state
(1010) is based on the one or more activation criteria
associated with a hypoglycemic condition or hyperglyc-
emic condition being met and based on an expiration of
a predetermined time period. Activation criteria for tran-
sitioning from acknowledged to active may be any of the
same conditions for initially alerting or may be different
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(e.g., based on glucose trending away from euglycemia).
In addition to sensor data, other data including insulin
data and/or user input may be considered for the state
transition criteria. Additionally embodiments discussed
herein with respect to reactivation may be applied here.
[0161] In some embodiments, reactivation criteria for
transitioning (1065) from acknowledged state (1020) to
active state (1010) may be different than criteria for ini-
tially transitioning to active state. For example, even
when the user has acknowledged the alert (during the
active monitoring and/or acknowledged time period), a
worsening condition may indicate a need for a re-alert
based on sensor data indicative of worsening glycemic
conditions, such as the second function meeting one or
more criteria and/or the sensor data indicative of glucose
further trending away from euglycemia based one or
more criteria indicative of worsening.
[0162] In some embodiments, the following reactiva-
tion criteria or conditions may apply for a state transition
from acknowledged to active based on a hypoglycemic
condition after acknowledged time has expired: glucose
level is less than a predetermined threshold (e.g., 80, 60,
60 mg/dL); glucose level is than a predetermined thresh-
old and rate of change is less than is a predetermined
rate (e.g., 1.0 mg/dL/min, e.g., not rising rapidly); or glu-
cose level is predicted to go below a second threshold
(e.g., 55 mg/dL) within a prediction horizon (e.g., 10, 15,
20 minutes). However, in some embodiments, reactiva-
tion criteria indicative of a worsening hypoglycemic con-
dition may case a state transition from acknowledged to
active prior to expiration of the acknowledged time period
(re-activation or re-alert) based on one or more re-alert
criteria (e.g., different from criteria for initial alert), some
of which are described in more detail elsewhere herein.
In some embodiments, an alert activated by the first func-
tion (at 520) may trigger a re-alert or re-activation during
the acknowledgement time period (transition to active
prior to expiration of time period) if the second function
meets the second criteria (at 530).
[0163] In some embodiments, the activation criteria as-
sociated with a hyperglycemic condition to transition from
acknowledged to active may include a determination of
whether: the glucose level exceeds a predetermined
threshold (e.g., 160, 180, 200, 220 mg/dL); the average
glucose level over a predetermined time period (e.g., 10,
20, 30, 40 minutes) is more than a predetermined thresh-
old (e.g., 160, 180, 200, 220 mg/dL); the current glucose
level is more than a predetermined threshold plus a pre-
determined margin (e.g., 25, 50, 75 mg/dL); and/or the
rate of change of glucose is greater than a predetermined
threshold (e.g., - 0.5 mg/dL per minute).
[0164] In some embodiments, transitioning (1065)
from the acknowledged state (1020) to the active state
(1010), also referred to as reactivation, occurs after de-
termining data is indicative of the host’s glucose trending
toward euglycemia, also referred to as the recovering
sub-state, and the subsequently trending away from eug-
lycemia during the active monitoring time period (based

on one or more criteria). In other words, a rebound situ-
ation may occur, after an active alert, when a user’s gly-
cemic condition initially trends towards euglycemia (re-
covering), but subsequently trends back towards the hy-
per- or hypoglycemic condition. Accordingly, reactivating
the first alert state during the acknowledgement time pe-
riod may be by the data associated with the host’s hy-
poglycemic or hyperglycemic condition meeting one or
more rebound (e.g., reactivation) criteria indicative of a
rebound situation. In general, criteria for transitioning
from recovering to active may be any of the same con-
ditions for initially alerting or may be different (e.g., a re-
versing trend of glucose value, rate of change or accel-
eration). In some embodiments, the one or more rebound
criteria include conditions indicative of the host’s glucose
trending toward euglycemia (e.g., recovering sub-state)
and subsequent conditions indicative of the host’s glu-
cose trending away from euglycemia during the active
monitoring time period. In addition to sensor data, other
data including insulin data and/or user input may be con-
sidered for the state transition criteria. Additionally em-
bodiments discussed herein with respect to reactivation
may be applied here.
[0165] In some embodiments, transitioning (1070)
from active state (1010) to inactive state (1050) may be
any of the same conditions for initially alerting (except
that inactive state would be entered when the one or more
first or second criteria (of Figure 6) were not met). Alter-
natively, the inactivation criteria for transitioning from ac-
tive to inactive may be different (e.g., different thresh-
olds). In addition to sensor data, other data including in-
sulin data and/or user input may be considered for the
state transition criteria. In one example, a transition from
active to inactive is based on the alert conditions no long-
er being met, e.g., EGV and delta EGV as described in
more detail elsewhere herein.
[0166] In some embodiments, certain of the following
inactivation criteria or conditions may apply for a state
transition from active to inactive based on a hyperglyc-
emic condition: the average glucose level over a prede-
termined time period (e.g., 10, 15, 30, 45 minutes) is less
than a predetermined threshold (e.g., 160, 180, 200, 220
mg/dL) minus a predetermined delta (e.g., 10, 15, 20
mg/dL); the glucose level over a predetermined time pe-
riod (e.g., 10, 15, 30, 45 minutes) goes below a prede-
termined threshold (e.g., 160, 180, 200, 220 mg/dL) mi-
nus a predetermined delta (e.g., 10, 15, 20 mg/dL); the
average glucose level over a predetermined time period
is less than a predetermined threshold; and/or the rate
of change of glucose is falling (negative) at greater than
a predetermined rate (e.g., 1 mg/dL/min).
[0167] In some embodiments, certain of the following
inactivation criteria or conditions may apply for a state
transition from active to inactive based on a hypoglyc-
emic condition: the average glucose level over a prede-
termined time period (e.g., 10, 15, 30, 45 minutes) is
greater than a predetermined threshold (e.g., 60, 70, 80
mg/dL) plus a predetermined delta (e.g., 10, 15, 20
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mg/dL); the glucose level over a predetermined time pe-
riod (e.g., 10, 15, 30, 45 minutes) goes above a prede-
termined threshold (e.g., 60, 70, 80 mg/dL) plus a pre-
determined delta (e.g., 10, 15, 20 mg/dL); the average
glucose level over a predetermined time period is more
than a predetermined threshold; and/or the rate of
change of glucose is increase (positive) at greater than
a predetermined rate (e.g., 1 mg/dL/min).
[0168] For example, in some embodiments, the criteria
to get out of the acknowledged state, where the acknowl-
edgement is based on data user acknowledgement (e.g.,
pressing button), to either an inactive state or active state
(e.g., reactivation) are different from the criteria to get
out of acknowledged state, wherein the acknowledge-
ment is based on user action detected (e.g., recovery
detected by monitoring of data). This acknowledgement
based on user action detected is described in more detail
below in the acknowledgement sub-state recovery dis-
cussion. For example, to go from the acknowledged
state, where the acknowledgement is based on data user
acknowledgement, to the inactive state, certain first cri-
teria may apply (e.g., criteria that allow for oscillations
around the threshold without inactivation occurring, or,
in other words, criteria that ensure the user is not merely
oscillating around the threshold). In contrast, to go from
the acknowledged state, where the acknowledgement is
based on user action detected (recovery sub-state), to
the inactive state, certain second criteria may apply (e.g.,
the second criteria do not consider oscillations, but rather
consider the data confirming the user’s detected suc-
cessfully recovered into euglycemia.
[0169] As mentioned above, the conditions or criteria
for reactivation may be more stringent than for the initial
activation. Similarly, the reactivation criteria to get out of
the acknowledged state, where the acknowledgement is
based on user acknowledgement (e.g., pressing a but-
ton), to the active state may be different from the reacti-
vation criteria to get out of acknowledged state, wherein
the acknowledgement is based on user action detected
(e.g., recovery detected by monitoring of data). In some
embodiments, the reactivation criteria for the transition
from acknowledged (based on user acknowledgement)
to active, may be time-based or could include a stringent
second set of criteria (e.g., change greater than 200
mg/dL). In contrast, the reactivation criteria for the tran-
sition from acknowledged (based on user action detect-
ed, recovery sub-state) to active, may include recogniz-
ing a reversing trend or a worsening, etc. indicative of
rebound conditions, based on monitoring of the sensor
data. Example worsening of conditions may include or
be based on a strong change in glucose away from a
target, and could be based on glucose level (g), amount
of glucose change (Δg), rate of glucose change (Δg/t),
rate of acceleration, or combinations thereof.
[0170] Referring back to Fig. 8, at block 730, processor
module 214 may be configured to process a response to
an alert state change or transition. In some embodiments,
processor module 214 may include instructions or criteria

on how to process an appropriate response for a status
change. In some embodiments, such responses may be
stored in e.g., a lookup table, or the like. In some embod-
iments, the output associated with a transition to the ac-
tive state is different from the output associated with a
transition from the acknowledged state to the active state
and/or different from a transition from the acknowledged
state to an inactive state.
[0171] It should be appreciated that depending on the
status change there may be one or more possible and/or
appropriate responses. For example, if sensor data indi-
cates that a user has stabilized his glucose value and
come down sufficiently from a hyperglycemic event (e.g.,
active to inactive state transition), a particular type of alert
indicating a positive status change or kudos may be pro-
vided. The kudos may have a particular sound, e.g., par-
ticular pitch or number of chimes. In some embodiments,
the user may be able to customize or select the alert
signature, similar to that currently available to smart
phone users.
[0172] In other embodiments, a particular type of alert
indicating a negative status change or warning may be
provided (e.g., transitioning back to active state). The
warning may also have a particular sound and may, in
some instances, be customizable by the user. In some
embodiments, the severity of the warning may be reflect-
ed by the sound itself of the warning, e.g., the warning
may be louder or more intense or maybe sound similar
to a recognizable distress sound. In some embodiments,
a re-alert or follow up alarm may be different than the
initial alert.
[0173] State transitions are described in more detail
elsewhere herein; however, it should be appreciated that
any of a variety of indicators may be provided audibly,
tactilely, visually and/or communicated via data transfer,
based on preset or user selectable options.
[0174] At block 740, processor module 214 is option-
ally configured to output information associated with the
state transition, for example, to provide an alert or alarm
or kudos if warranted by the detection of a state or status
change. In some embodiments, wherein the output as-
sociated with a transition to the active state is different
from the output associated with a transition from the ac-
knowledged state to the inactive state and/or active (re-
activation) state. In some embodiments, the alert or alarm
or kudos may be subject to a time restriction, e.g., such
as if the user has pushed an acknowledgement on alerts.
This may disable the user from receiving
alerts/alarms/kudos in all but a handful of situations, such
as where the alarm is characterized as a reactivation
condition, as described in more detail with reference to
Figure 9.
[0175] Some use cases arise, wherein immediate no-
tification of an alert may not be advantageous. For ex-
ample, post-prandial glycemic excursions are normal for
people with diabetes, even with insulin injections, or peo-
ple without diabetes. In some circumstances, alerting a
user about glycemic excursions of which they are already
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aware may lead to frustration and desensitization of the
alarms. It may be preferable to wait and determine wheth-
er the host’s glycemic excursion follows a normal course
of recovery before alerting them. Accordingly, in some
embodiments, the processor module may be configured
to provide output associated with a first alert state after
waiting a predetermined time period, wherein the output
is based on the data associated with the host’s hyperg-
lycemic condition meeting one or more second criteria
after the predetermined waiting time period. Thus, it
would follow that the processor module 214 may be con-
figured to not provide output associated with the first alert
state after the waiting time period based on the data as-
sociated with the host’s hyperglycemic condition not
meeting the one or more second criteria, thereby allowing
the state to transition to the active state and back to the
inactive state without alerting and/or otherwise providing
output to a user. In these embodiments, the one or more
first criteria and the one or more second criteria may be
the same may be different and the waiting time period
may be fixed or user selectable. For example, the one or
more second criteria may include determine whether: the
glucose level exceeds a predetermined threshold (e.g.,
160, 180, 200, 220 mg/dL); the average glucose level
over a predetermined time period (e.g., 10, 20, 30, 40
minutes) is more than a predetermined threshold (e.g.,
160, 180, 200, 220 mg/dL); the current glucose level is
more than a predetermined threshold plus a predeter-
mined margin (e.g., 25, 50, 75 mg/dL); estimated time to
a threshold (e.g., based on rate of change of glucose)
and/or the rate of change of glucose is greater than a
predetermined threshold (e.g., - 0.5 mg/dL per minute).
[0176] Figure 9 is a flowchart 800 illustrating an exam-
ple process for determining when to re-alert and/or for
determining a state transition post-alert activation from
acknowledged back into an active state, also referred to
as reactivation conditions, in accordance with an embod-
iment of the disclosure. In some embodiments, reactiva-
tion conditions have different criteria for going into an
active alert state (providing alert output) as compared to
an initial trigger of the active alert state, e.g., as described
with reference to Figure 6, in order to avoid unnecessary
"flickering" re-alerts.
[0177] At block 810, processor module 214 may be
configured to determine if one or more sensor data points
is within a predetermined or predefined zone during a
predetermined time period post-alert trigger, in one ex-
ample embodiment. Such predetermined or predefined
zone may include a region above and/or below the
threshold that triggered the initial alert provided to the
user. For example, referring back to Figure 7, TVZ1 and
TVZ2 may provide a buffer zone or envelope above and
below a threshold value. In some embodiments, the pre-
defined zone is a zone that defines a range surrounding
a value that triggered the first alert. For example, the
predefined zone may be 10 mg/dL above the value that
triggered the first alert and/or 10 mg/dL below the value
that triggered the first alert.

[0178] In some embodiments, a data point in a prede-
fined zone is indicative of no status change. In such em-
bodiments, no further action is performed. In embodi-
ments utilizing state transitions, assuming the user has
acknowledged the alert/alarm (or based on data analy-
sis), the acknowledged alert state remains and no tran-
sitions to either inactive or active will occur. In contrast,
if a sensor data point moves outside the zone, the state
remains in acknowledged and may be actively monitored
(e.g., for recovery or worsening based on certain criteria
indicative of the host’s glucose level trending towards or
away from euglycemia), or for transition to inactive if the
sensor data moves towards euglycemia based on a sec-
ond (more stringent that first) one or more criteria, or
transitions to active (e.g., reactivation if the sensor data
moves away from euglycemia based on additional one
or more reactivation criteria). For example, if the user
transitions from the acknowledged state to the active
state, the user may be re-alerted.
[0179] At block 820, processor module 214 also may
be optionally configured to determine if a user has ac-
knowledged an alert, as described in more detail else-
where herein, whereby alerts or alarms are not provided
to a user for a set time period, e.g. 30 minutes. In some
embodiments, processor module 214 may be configured
to determine if a user has taken some sort of action in-
dependent of the sensor during the predetermined time
period post-alert trigger. For example, the user may have
eaten or increased insulin since the initial alarm, which
would likely lead to a noticeable change in glucose levels.
The user may or may not input this type of information
on the sensor. However, certain types of changes, e.g.,
insulin update, may have identifiable patterns that the
processor module 214 may be able to determine was a
user action, such as a change in glucose level, direction,
rate of change, or acceleration/deceleration.
[0180] At block 830, processor module 214 may be
configured to determine if a reactivation condition has
been met by one or more sensor data points. As used
herein, a "reactivation condition" refers to a condition that
would cause an alert or alarm to be provided to the user
after the initial alert, during the "acknowledged time pe-
riod" when a user isn’t expected to receive additional un-
necessary alerts (e.g., a state transition from the ac-
knowledged state to active state). Generally speaking,
the reactivation condition will more likely than not relate
to alarms for events considered to be dangerous to a
user’s health, e.g., a severe hypoglycemic event. In some
embodiments, a reactivation condition may be thought
of as a condition or event that would cause a host or user
to change from acknowledged into an active state, as
discussed with respect to Figure 11.
[0181] Additionally, because the reactivation may have
been unexpected or responsive to an attempt to sup-
press, the output associated with the reactivation may
be more noticeable or different from other alarms, for
example, by displaying explanatory information or ques-
tions of actions taken and/or by escalating the alarms as
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may be appreciated by one skilled in the art.
[0182] Figure 10 is a flowchart 900 illustrating an ex-
ample process for determining if a reactivation condition
is met in accordance with an example embodiment of the
disclosure. At block 910, processor module 214 may be
configured to determine if one or more sensor data points
is outside a predetermined or predefined zone. For ex-
ample, as shown in Figure 7, there may be regions or
zones that data points seem to oscillate around after an
alert has been provided to a user. Once a data point is
determined to fall outside this predefined zone, it may be
indicative of a user’s glucose level moving toward an un-
desirable value or in an undesirable trend (e.g., trending
away from euglycemia).
[0183] At block 920, processor module 214 may be
configured to determine, depending on whether the data
point has a high or low value, e.g. is within a range of the
high or low threshold indicative of a hyperglycemic event
or a hypoglycemic event, respectively, what direction
and/or rate the data is moving or trending. Additionally,
in some embodiments, the processor module 214 may
be further configured to consider user input and/or insulin
information as variables in assessing whether or not a
reactivation condition has been met.
[0184] As may be appreciated, having a reactivation
condition may also be thought of as intelligent acknowl-
edged conditions, because it limits the number of alerts
that may be provided to the user following a first alert.
This can help ensure that a user is not annoyed by a
series of additional alerts going off after the first alert, but
allows for more intelligence and safety than a simple time-
based snooze. In some embodiments, data points that
may be considered to qualify as reactivation conditions
may be predetermined by or fixed by factory settings.
Such reactivation conditions may be stored, for example,
in a lookup table.
[0185] In some embodiments, reactivation is intended
to re-alert users when they have taken an action that is
inadequate and returned to a dangerous zone. For ex-
ample, after a low threshold alert the user may eat some-
thing that starts to increase their glucose but it is not
enough so their glucose drops again. It is desirable to
alert the user again in this situation, but it should be dis-
tinguishable from oscillating/annoying alarms. This may
be achieved by e.g., setting criteria of glucose rising some
distance above the low threshold and then falling below,
or rate of change increasing to e.g., above 1 mg/dL/min
and then going negative again.
[0186] In some embodiments, following the first or in-
itial alert to the user, the user may suspend additional
alerts by acknowledging the initial alert. For example,
when a user or host acknowledges the initial alert, addi-
tional alerts are suspended for a time period, except for
re-alert conditions. In other words, following a threshold
or predictive alert, the user would not hear another
threshold or predictive alert immediately after, but would
instead wait for a time period, e.g., 30 minutes. In some
embodiments, the suspend time is user settable. In some

embodiments, the user may have a default of 30 minutes
and a maximum of e.g., 2 hours for safety.
[0187] In some embodiments, a post-alert set of in-
structions or algorithms may be used to detect the end
of a hypoglycemic and/or hyperglycemic event transition
to a recovering sub-state such that re-alert only occurs
if another event occurs (e.g., rise of 5 mg/dL about thresh-
old, upward slope greater than 1 mg/dL/min, etc.). In such
embodiments, this can help prevent an annoying situa-
tion of stable glucose oscillating around 80 mg/dL and
setting off threshold alert over and over, as described
above.
[0188] In some embodiments, alerts may be generated
if the user remains in the same condition, e.g., just below
70 mg/dL, for a long period of time because the length
of time hypoglycemic may also be considered a health
risk.

EXAMPLES

[0189] A number of examples are provided below.
When referring to a "low" threshold, it should be under-
stood that the low threshold relates generally to a low
glucose value that may be indicative of a hypoglycemic
event. Similarly, when referring to a "high" threshold, it
should be understood that the high threshold relates gen-
erally to a high glucose value that may be indicative of a
hyperglycemic event. As used herein, the glucose values
may be estimated glucose values (EGVs) or any known
type of glucose indicator or sensor data.
[0190] It should be appreciated that the following ex-
amples may be implemented according to the flow charts
described above. The examples relate to specific imple-
mentations and are provided for a more in-depth under-
standing of how the disclosed processes can operate.
The examples should not be construed as limiting, but
rather as a general guide on how certain aspects may
be performed.

Example 1: Low threshold alert

[0191] In this example, the processor module may be
configured to receive sensor data (510) and evaluate the
sensor data using a first function (520) to determine
whether the "real-time" glucose value has crossed a first
threshold (80 mg/dL) and using a second function (530)
to determine whether the predicted glucose value will
cross a second threshold (55 mg/dL) within 15 minutes
(PH). The processor module may be configured to ac-
tively monitor data (710) associated with glycemic con-
dition after a hypoglycemic indicator has been triggered
based on the first or second function to determine wheth-
er a state change transition should occur. In this example,
the following three inactivation conditions exist (to tran-
sition from active or acknowledged to inactive): 1) if the
glucose value increases by more than a predetermined
amount (15 mg/dL) and the glucose value is above the
first threshold (80 mg/dL) since activation of the hypogly-
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cemic indicator; 2) the rate of change of glucose is in-
creasing at a rate greater than a predetermined value (1
mg/dL/min); and 3) the acknowledged time period is over
(30 minutes).

Scenario A- glucose level is more than a low threshold

[0192] In this scenario, a hypoglycemic indicator is trig-
gered based on the first function (host’s glucose goes
below 80 mg/dL), and the user is alerted via a user inter-
face (visually and audibly). The user acknowledges the
alert by pressing a button and the state transitions to the
acknowledged state. In the acknowledged state, the
processor module actively monitors the host’s glycemic
condition as the glucose value goes down to 65 mg/dL,
then starts coming back up and reaches 75 mg/dL, but
then starts falling again. In this example, the acknowl-
edged state will remain for 30 minutes during which the
user will not receive any additional alerts, during active
monitoring the processor module determined the user’s
glucose to be recovering (coming back up and reaching
75 mg/dL), which triggered the recovering sub-state of
acknowledged. The user will not be alerted until his/her
glucose reaches a reactivation or inactivation condition.
In the acknowledged state, recovering sub-state, criteria
for re-alert may include any condition indicative of a glu-
cose "rebound." Advantageously, the recovering sub-
state takes advantage of the fact that some user interac-
tion was detected, thus it can be assumed that the user
has attempted to treat him/herself and should be re-alert-
ed only if the user’s action was not sufficient and a re-
bound (e.g., predetermined reversal of trend or worsen-
ing of glucose) is detected. In this scenario, the state
transitioned back to active when the glucose started fall-
ing again (i.e., based on reactivation conditions), and the
user was re-alerted.

Scenario B- glucose level oscillating around the threshold

[0193] In this scenario, a hypoglycemic indicator is trig-
gered based on the first function (host’s glucose goes
below 80 mg/dL), and the user is alerted via a user inter-
face (visually and audibly), but this time the host’s glu-
cose stays in the range 70-90 mg/dL going above and
below 80 mg/dL several times. Once the user acknowl-
edges the alert, the acknowledged state is maintained
and the user will not get any alerts until the acknowledged
time is over. In other words, the states do not transition
back and forth from active to inactive, causing re-alerts
as the user oscillates above and below 80 mg/dL. Ad-
vantageously, this avoids annoying alerts by allowing for
some buffer to avoid flickering of the alert off and on. If
the user does not acknowledge, there may be re-alerts
every 5 minutes (maintains in active state until acknowl-
edged by the user). However, it is important to note that
the alert is not a conventional "threshold" alert. Instead,
it is an "early warning" alert and as a result warning the
user of the condition is reasonable. After the acknowl-

edged time is expired, the state will transition to either or
active or inactive depending on whether the alert condi-
tions are still met. The state will transition to active and
the alert may be shown only if the EGV is still below the
threshold of 80 mg/dL (e.g., if the acknowledged time is
30 minutes and after 30 minutes, the EGV is 75 mg/dL,
the user will get an alert). The state will transition to in-
active and the user will not get an alert if the EGV is 85
mg/dL (unless the fall rate predicted is enough to trigger
the alert).

Scenario C - Prediction followed bv crossing the thresh-
old

[0194] In this case, the user’s glucose value is 100
mg/dL, and is predicted to reach 55 mg/dL in 15 minutes
as determined by the second function (530). The active
state is triggered and the alert is displayed to the user
(according to block 550). Once the user acknowledges,
the acknowledged state is maintained until the glucose
value falls to 80 mg/dL (the low threshold) in 10 minutes,
at which time the state remain as acknowledged as the
host’s glucose remains around 80 mg/dL for 20 minutes.
Notably, no alert will be triggered when 80 mg/dL is
reached (acknowledged state maintained), the state will
transition back to active after 30 min if the threshold con-
dition is met.

Example 2: Actionable alerts associated with hyperglyc-
emic conditions

[0195] Advantageously, the user may be alerted only
when it is likely that a user action is necessary. In one
such example, the user may still be alerted as soon as
the glucose value crosses an alert threshold. However,
a user may also select to enable the wait time under
certain conditions, for example, when a hyperglycemic
excursion is correlated with known meal ingestion. In
some embodiments, whether or not the wait time is en-
abled, annoying repeated alerts when the glucose value
oscillates around the threshold may be minimized or elim-
inated, while ensuring that if the glucose value crosses
the threshold twice due to reasons that are likely not re-
lated, then the user is alerted. For example, the user may
be alerted once after the glucose value goes high due to
carbohydrate intake (hyperglycemic alert) or not at all.
Then the user takes insufficient amount of insulin, which
causes the glucose value to go down a little bit, but comes
back up once more.
[0196] Figure 12 is an example graph showing average
EGV is high over last T minutes. Notably, the user’s glu-
cose level crossed the predetermined hyperglycemic
threshold at the beginning of T minutes, and the proces-
sor module transitioned to the active state 700 based on
the (first) active transition criteria of the glucose level ex-
ceeding a first predetermined hyperglycemic threshold
level of 180 mg/dL, thereby triggering the dynamic and
intelligent monitoring of the host’s glycemic condition.
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However, the user was not alerted because the user had
enabled a predetermined wait time period (T) of 60 min-
utes before high alert. During the 60 minutes, the proc-
essor module actively monitored the host’s glycemic con-
dition using one or more hyperglycemic (second) criteria
based on the average glucose over the predetermined
wait time period, after which the glucose level was de-
termined to be greater than the predetermined threshold
level (180 mg/dL), resulting in output associated with the
alert at 1200. In this case, the active state was initiated
based on the first criteria (glucose level exceeding a
threshold), but the alert was not provided to the user until
the second criteria was met (based on average glucose
level over the wait time exceeding a threshold).
[0197] Figure 13 is example graph showing average
glucose is high, but falling rapidly, thus no alert is provid-
ed to the user or host because, although the average
glucose level is high, the glucose level is falling rapidly.
Notably, the user’s glucose level crossed the predeter-
mined hyperglycemic threshold at the beginning of T min-
utes, and the processor module transitioned to the active
state 700 based on the (first) active transition criteria of
the glucose level exceeding a first predetermined hyper-
glycemic threshold level of 180 mg/dL, thereby triggering
the dynamic and intelligent monitoring of the host’s gly-
cemic condition. However, the user was not alerted be-
cause the user had enabled a predetermined wait time
period (T) of 60 minutes before high alert. During the 60
minutes, the processor module actively monitored the
host’s glycemic condition using one or more hyperglyc-
emic (second) criteria based on the rate of change of the
glucose level, which was determined to be dropping a
rate greater than the predetermined value (1 mg/dL/min),
resulting in no output at 1300. In this case, the active
state was initiated based on the first criteria (glucose level
exceeding a threshold), but the processor module deter-
mined a state transition to inactive at 1300.
[0198] In some embodiments, the activation condition
may include a time criteria or time component, meaning
that a user’s glucose has to exceed a threshold on aver-
age over a predetermined period of time, e.g., 60 min-
utes. As applied to the example shown in Figure 13, , the
processor module may actively monitor the host’s glyc-
emic condition continuously using one or more hyperg-
lycemic criteria based on the average glucose level and
rate of change of the glucose level. In this scenario at
1300, the average glucose over 60 minutes was found
to be above a predetermined threshold, however the rate
of change of the glucose was determined to be dropping
a rate greater than the predetermined value (1
mg/dL/min), resulting in no output at 1300. Consequently,
the active state is not entered in this circumstance and
no output is provided to the user.
[0199] Figure 14 is an example graph showing a high
glucose level, followed by a rapid rate of change down,
but then a steady glucose level still above the predeter-
mined threshold. Notably, the user’s glucose level
crossed the predetermined hyperglycemic threshold at

the beginning of T minutes, and the processor module
transitioned to the active state 700 based on the (first)
active transition criteria of the glucose level exceeding a
first predetermined hyperglycemic threshold level of 180
mg/dL, thereby triggering the dynamic and intelligent
monitoring of the host’s glycemic condition. However, the
user was not alerted because the user had enabled a
predetermined wait time period (T) of 60 minutes before
high alert. During the 60 minutes, the processor module
actively monitored the host’s glycemic condition using
one or more hyperglycemic (second) criteria based on
the glucose level and the rate of change of the glucose
level, which at the end of the waiting period, was deter-
mined to still exceed the predetermined threshold and to
have a rate of change that was not dropping faster than
a predetermined rate, resulting in output at 1400. In this
case, at reference numeral 1400, the user or host should
be alerted here because although the glucose level fell
for some time, the glucose level was steady and high
(e.g., above a threshold) at the end of the wait time.
[0200] Figure 15 is an example graph showing a host’s
glucose level that goes beyond the threshold plus a mar-
gin even before the wait time expires. Notably, the user’s
glucose level crossed the predetermined hyperglycemic
threshold at the beginning of T minutes, and the proces-
sor module transitioned to the active state 700 based on
the (first) active transition criteria of the glucose level ex-
ceeding a first predetermined hyperglycemic threshold
level of 180 mg/dL, thereby triggering the dynamic and
intelligent monitoring of the host’s glycemic condition.
However, the user was not alerted because the user had
enabled a predetermined wait time period (T) of 60 min-
utes before high alert. During the 60 minutes, the proc-
essor module actively monitored the host’s glycemic con-
dition using one or more hyperglycemic (second) criteria
based on the glucose level plus a margin (180 mg/dL +
50 mg/dL = 230 mg/dL), which occurred prior to the end
of the waiting period, resulting in output at 1500 prior to
the 60 minute expiration. In this case, the user or host
should be alerted at 1500 because the glucose level has
risen to such an extent that the no-alert waiting period
should be overridden.
[0201] Figure 16 is an example graph showing after
user acknowledgement of an alert in a scenario similar
to Figure 14, because although the glucose level fell for
some time, the glucose level was steady and high (e.g.,
above a threshold) at the end of the wait time. After the
alert was output at 1600, the user acknowledged the alert
at 1610, transitioning into the acknowledged state, which
has a 60 minute active monitoring period. Notably, the
user’s glucose level crossed below the predetermined
hyperglycemic threshold soon after the user acknowl-
edged the alert, however not sufficiently low to inactive
the alert (because the inactivation conditions included
threshold plus delta criteria). Accordingly, the processor
module continued to actively monitor the host’s glycemic
condition based on average glucose, which determined
the average glucose level at something above the pre-
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determined threshold at the end of 60 minutes. In this
case, the user or host is re-alerted or provided a subse-
quent alert because the average EGV is still high after
the acknowledgment time period1620.
[0202] The scenarios above assume that "enable wait
before alert" is turned on, however, any of those scenar-
ios would have functioned similarly if the wait time was
not enabled, but the acknowledged time period was se-
lected by the user to be 60 minutes, in which case user
would have a first alert after the first criteria were met (at
the beginning of time period T) and then another one
after the second criteria were met, for example at 1200,
1400, 1500 or 1600 (but not at other times in between
when the user’s glucose level oscillated up and down
around the predetermined threshold).
[0203] This example further describes how the proc-
essor module actively monitors the host’s glycemic con-
dition after the user acknowledges a hyperglycemic alert
(e.g., triggered with the host’s glucose meeting one or
more first or second criteria). Subsequent to the hyper-
glycemic alert output, the user acknowledges the alert,
thus it may be assumed that the user is either watching
or taking some action. The processor module transitions
to acknowledged state. The processor module then ac-
tively monitors the host’s glycemic condition, such that if
the host’s average glucose level since activation of the
alert is less than the threshold (180 mg/dL) minus a delta
(15 mg/dL); the host’s actual (real-time) glucose level is
less than the threshold minus the delta (165 mg/dL); av-
erage glucose level since activation of the alert is less
than the predetermined threshold and the acknowledged
time has expired; or rate of change of the host’s glucose
level falls faster than a predetermined rate (e.g., 1.0
mg/dL/min) and the glucose level is less than a threshold,
predetermined meal information is received or con-
firmed; or predetermined insulin delivery information is
received or confirmed, then the processor module would
transition to inactive based on those inactivation criteria.
[0204] The disclosure presents the best mode contem-
plated for carrying out the present systems and methods
for processing analyte sensor data, and of the manner
and process of practicing them, in such full, clear, con-
cise, and exact terms as to enable any person skilled in
the art to which they pertain to practice these systems
and methods. These systems and methods are, howev-
er, susceptible to modifications and alternate construc-
tions from those discussed above that are fully equiva-
lent.
[0205] For example, it should further be appreciated
that the implementation and/or execution of all methods
and processes may be performed by any suitable devices
or systems, whether local or remote. Further, any com-
bination of devices or systems may be used to implement
the present methods and processes. Additionally, in
some embodiments, the methods and processes de-
scribed herein may reside in a non-transitory computer-
readable storage medium including code which when ex-
ecuted by at least one processor causes operations of

the present disclosure to be realized.
[0206] Furthermore, although the foregoing has been
described in some detail by way of illustrations and ex-
amples for purposes of clarity and understanding, it is
apparent to those skilled in the art that certain changes
and modifications may be practiced. The functions, steps
and/or actions of the method claims in accordance with
the embodiments of the invention described herein need
not be performed in any particular order. Furthermore,
although elements of the invention may be described or
claimed in the singular, the plural is contemplated unless
limitation to the singular is explicitly stated.

Claims

1. A system (100) for processing data, the system com-
prising:

a continuous analyte sensor (8) configured to
be implanted within a body; and
sensor electronics (12) configured to receive
and process sensor data output by the sensor,
the sensor electronics coupled to a processor
module, the processor module configured to:

apply a conversion function to sensor data,
the conversion function taking into account
temperature correction;
evaluate sensor data (520) using a first
function to determine whether a real time
glucose value meets one or more first crite-
ria, wherein the one or more first criteria
comprises a first threshold that is configured
to be settable;
evaluate sensor data (530) using a second
function to determine whether a predicted
glucose value meets one or more second
criteria, wherein the one or more second cri-
teria comprises a second threshold that is
a fixed value;
activate a hypoglycemic indicator (540) if ei-
ther the one or more first criteria or the one
or more second criteria are met; and
provide an output (550) based on the acti-
vated hypoglycemic indicator.

2. The system of claim 1, wherein the evaluating sensor
data using a first function to determine whether a
real time glucose value meets one or more first cri-
teria comprises determining whether the real-time
glucose value passes a glucose threshold, and/or
wherein the evaluating sensor data using a first func-
tion to determine whether a real time glucose value
meets one or more first criteria further comprises de-
termining whether an amplitude of rate of change or
direction of rate of change meets a rate of change
criterion, and/or wherein the evaluating sensor data
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using a first function to determine whether the real
time glucose value meets one or more first criteria
comprises evaluating a static risk of a substantially
real time glucose value.

3. The system of claims 1 or 2, wherein the evaluating
sensor data using a second function to determine
whether the predicted glucose value meets one or
more second criteria comprises evaluating a dynam-
ic risk of the predicted glucose value.

4. The system of claims 1, 2 or 3, wherein the second
function comprises an artificial neural network model
that uses at least one of exercise, stress, illness or
surgery to determine the predicted glucose value,
and/or wherein the second function utilizes a first
order autoregressive model to determine the predict-
ed glucose value.

5. The system of claim 4, wherein the first order autore-
gressive model comprises a parameter alpha, and
wherein alpha is estimated recursively each time a
sensor data points is received.

6. The system of claim 4, wherein the first order autore-
gressive model comprises a forgetting factor, a pre-
diction horizon and a prediction threshold tuned to
provide no more than one additional alarm per week
based on a retrospective analysis comparing the use
of the first function and the second function together
as compared to the first function alone.

7. The system of any one of claims 1 to 6, wherein
evaluating the sensor data using the first function
and the second function allows for increased warning
time of hypoglycemic alerts without substantially in-
creasing the number of alerts as compared to eval-
uating the sensor data using the first function without
evaluating the sensor data using the second func-
tion.

8. The system of any one of claims 1-7, wherein the
second function comprises a Kalman Filter to deter-
mine the predicted glucose value using as an input
an estimate of the rate of change of the blood glu-
cose.

9. The system of claim 1, wherein the second function
comprises a prediction horizon that is not settable.

10. The system of claim 1, wherein the second function
comprises a prediction horizon that is adaptively set
by the processor module based on the first threshold.

11. The system of any one of claims 1-10, wherein the
hypoglycemic indicator comprises a flag that has a
particular set of instructions associated with it de-
pending on whether the hypoglycemic indicator was

activated based on the first function meeting the one
or more first criteria or whether the hypoglycemic
indicator was activated based on the second function
meeting the one or more second criteria.

12. The system of any one of claims 1-11, wherein the
output comprises at least one of an audible, tactile
or visual output, and wherein the output is differen-
tiated and/or provides information selectively based
on whether the hypoglycemic indicator was activated
based on the first function meeting the one or more
first criteria or whether the hypoglycemic indicator
was activated based on the second function meeting
the one or more second criteria.

13. The system of any one of claims 1-12, wherein pro-
viding output comprises transmitting a message to
an insulin delivery device including instructions as-
sociated with at least one of: a) suspending insulin
delivery, b) initiating a hypoglycemia and/or hyper-
glycemia minimizer algorithm, c) controlling insulin
delivery or d) information associated with the hy-
poglycemia indicator.

Patentansprüche

1. System (100) zum Verarbeiten von Daten, wobei das
System umfasst:

einen kontinuierlichen Analytsensor (8), der
konfiguriert ist, um in einen Körper implantiert
zu werden; und
Sensorelektronik (12), die konfiguriert ist, um
durch den Sensor ausgegebene Sensordaten
zu empfangen und zu verarbeiten, wobei die
Sensorelektronik mit einem Prozessormodul
gekoppelt ist, wobei das Prozessormodul für
Folgendes konfiguriert ist:

Anwenden einer Umwandlungsfunktion auf
Sensordaten, wobei die Umwandlungs-
funktion eine Temperaturkorrektur berück-
sichtigt;
Auswerten von Sensordaten (520) unter
Verwendung einer ersten Funktion, um zu
bestimmen, ob ein Echtzeit-Glukosewert
ein oder mehrere erste Kriterien erfüllt, wo-
bei das eine oder die mehreren ersten Kri-
terien eine erste Schwelle umfassen, die
konfiguriert ist, um einstellbar zu sein;
Auswerten von Sensordaten (530) unter
Verwendung einer zweiten Funktion, um zu
bestimmen, ob ein vorhergesagter Gluko-
sewert ein oder mehrere zweite Kriterien er-
füllt, wobei das eine oder die mehreren
zweiten Kriterien eine zweite Schwelle um-
fassen, die ein fester Wert ist;
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Aktivieren eines hypoglykämischen Indika-
tors (540), wenn entweder das eine oder die
mehreren ersten Kriterien oder das eine
oder die mehreren zweiten Kriterien erfüllt
sind; und
Bereitstellen einer Ausgabe (550) basie-
rend auf dem aktivierten hypoglykämischen
Indikator.

2. System nach Anspruch 1, wobei das Auswerten von
Sensordaten unter Verwendung einer ersten Funk-
tion, um zu bestimmen, ob ein Echtzeit-Glukosewert
ein oder mehrere erste Kriterien erfüllt, das Bestim-
men umfasst, ob der Echtzeit-Glukosewert eine Glu-
kose-Schwelle überschreitet, und/oder wobei das
Auswerten von Sensordaten unter Verwendung ei-
ner ersten Funktion, um zu bestimmen, ob ein Echt-
zeit-Glukosewert ein oder mehrere erste Kriterien er-
füllt, ferner das Bestimmen umfasst, ob eine Ampli-
tude einer Änderungsrate oder eine Richtung einer
Änderungsrate ein Änderungsratenkriterium erfüllt,
und/oder wobei das Auswerten von Sensordaten un-
ter Verwendung einer ersten Funktion, um zu be-
stimmen, ob der Echtzeit-Glukosewert ein oder meh-
rere erste Kriterien erfüllt, das Auswerten eines sta-
tischen Risikos eines im Wesentlichen Echtzeit-Glu-
kosewertes umfasst.

3. System nach Anspruch 1 oder 2, wobei das Auswer-
ten von Sensordaten unter Verwendung einer zwei-
ten Funktion, um zu bestimmen, ob der vorherge-
sagte Glukosewert ein oder mehrere zweite Kriterien
erfüllt, das Auswerten eines dynamischen Risikos
des vorhergesagten Glukosewertes umfasst.

4. System nach Anspruch 1, 2 oder 3, wobei die zweite
Funktion ein künstliches neuronales Netzwerkmo-
dell umfasst, das Bewegung, Stress, Krankheit
und/oder eine Operation verwendet, um den vorher-
gesagten Glukosewert zu bestimmen, und/oder wo-
bei die zweite Funktion ein autoregressives Modell
erster Ordnung nutzt, um den vorhergesagten Glu-
kosewert zu bestimmen.

5. System nach Anspruch 4, wobei das autoregressive
Modell erster Ordnung einen Parameter alpha um-
fasst und wobei alpha rekursiv jedes Mal geschätzt
wird, wenn ein Sensordatenpunkt empfangen wird.

6. System nach Anspruch 4, wobei das autoregressive
Modell erster Ordnung einen Vergessensfaktor, ei-
nen Vorhersagehorizont und eine Vorhersage-
schwelle umfasst, die so abgestimmt sind, dass sie
nicht mehr als einen zusätzlichen Alarm pro Woche
bereitstellen, basierend auf einer retrospektiven
Analyse, die die Verwendung der ersten Funktion
und der zweiten Funktion zusammen im Vergleich
zu der ersten Funktion allein vergleicht.

7. System nach einem der Ansprüche 1 bis 6, wobei
das Auswerten der Sensordaten unter Verwendung
der ersten Funktion und der zweiten Funktion eine
erhöhte Warnzeit hypoglykämischer Warnungen er-
möglicht, ohne die Anzahl der Warnungen wesent-
lich zu erhöhen, verglichen mit dem Auswerten der
Sensordaten unter Verwendung der ersten Funktion
ohne Auswerten der Sensordaten unter Verwen-
dung der zweiten Funktion.

8. System nach einem der Ansprüche 1-7, wobei die
zweite Funktion ein Kalman-Filter umfasst, um den
vorhergesagten Glukosewert unter Verwendung ei-
ner Schätzung der Änderungsrate des Blutzuckers
als eine Eingabe zu bestimmen.

9. System nach Anspruch 1, wobei die zweite Funktion
einen Vorhersagehorizont umfasst, der nicht ein-
stellbar ist.

10. Verfahren nach Anspruch 1, wobei die zweite Funk-
tion einen Vorhersagehorizont umfasst, der durch
das Prozessormodul basierend auf der ersten
Schwelle adaptiv eingestellt wird.

11. System nach einem der Ansprüche 1-10, wobei der
hypoglykämische Indikator ein Flag umfasst, dem
ein spezifischer Satz von Befehlen zugeordnet ist,
abhängig davon, ob der hypoglykämische Indikator
basierend darauf aktiviert wurde, dass die erste
Funktion das eine oder die mehreren ersten Kriterien
erfüllt, oder ob der hypoglykämische Indikator basie-
rend darauf aktiviert wurde, dass die zweite Funktion
das eine oder die mehreren zweiten Kriterien erfüllt.

12. System nach einem der Ansprüche 1-11, wobei die
Ausgabe eine akustische, taktile und/oder visuelle
Ausgabe umfasst, und wobei die Ausgabe differen-
ziert wird und/oder Informationen selektiv basierend
darauf bereitstellt, ob der hypoglykämische Indikator
basierend darauf aktiviert wurde, dass die erste
Funktion das eine oder die mehreren ersten Kriterien
erfüllt, oder ob der hypoglykämische Indikator basie-
rend darauf aktiviert wurde, dass die zweite Funktion
das eine oder die mehreren zweiten Kriterien erfüllt.

13. System nach einem der Ansprüche 1-12, wobei das
Bereitstellen der Ausgabe das Übertragen einer
Nachricht an eine Insulinabgabevorrichtung um-
fasst, die Befehle einschließt, die Folgendem zuge-
ordnet sind: a) Unterbrechen der Insulinabgabe, b)
Einleiten eines Hypoglykämie- und/oder Hyperglyk-
ämie-Minimierungsalgorithmus, c) Steuern der Insu-
linabgabe und/oder d) Informationen, die dem Hy-
poglykämie-Indikator zugeordnet sind.
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Revendications

1. Système (100) de traitement de données, le système
comprenant :

un capteur d’analyte à détection en continu (8)
configuré pour être implanté dans un corps ; et
une électronique de capteur (12) configurée
pour recevoir et traiter les données de capteur
émises par le capteur, l’électronique de capteur
étant couplée au module processeur, le module
processeur étant configuré pour :

appliquer une fonction de conversion aux
données de capteur, la fonction de conver-
sion prenant en compte une correction de
température ;
évaluer des données de capteur (520) à
l’aide d’une première fonction pour détermi-
ner si une valeur de glucose en temps réel
satisfait à un ou plusieurs premiers critères,
le ou les premiers critères comprenant un
premier seuil qui est conçu pour être
réglable ;
évaluer des données de capteur (530) à
l’aide d’une seconde fonction pour détermi-
ner si une valeur de glucose prédite satisfait
à un ou plusieurs seconds critères, le ou les
seconds critères comprenant un second
seuil qui est une valeur fixe ;
activer un indicateur hypoglycémique (540)
si le ou les premiers critères ou le ou les
seconds critères sont satisfaits ; et
fournir une sortie (550) basée sur l’indica-
teur hypoglycémique activé.

2. Système selon la revendication 1, dans lequel l’éva-
luation des données de capteur à l’aide d’une pre-
mière fonction pour déterminer si une valeur de glu-
cose en temps réel satisfait à un ou plusieurs pre-
miers critères comprend la détermination du fait de
savoir si la valeur de glucose en temps réel dépasse
un seuil de glucose, et/ou dans lequel l’évaluation
des données de capteur à l’aide d’une première fonc-
tion pour déterminer si une valeur de glucose en
temps réel satisfait à un ou plusieurs premiers critè-
res comprend en outre la détermination du fait de
savoir si une amplitude de taux de changement ou
un sens de taux de changement satisfait à un critère
de taux de changement, et/ou dans lequel l’évalua-
tion des données de capteur à l’aide d’une première
fonction pour déterminer si la valeur de glucose en
temps réel satisfait à un ou plusieurs premiers critè-
res comprend l’évaluation d’un risque statique d’une
valeur de glucose sensiblement en temps réel.

3. Système selon la revendication 1 ou 2, dans lequel
l’évaluation des données de capteur à l’aide d’une

seconde fonction pour déterminer si la valeur de glu-
cose prédite satisfait à un ou plusieurs seconds cri-
tères comprend l’évaluation d’un risque dynamique
de la valeur de glucose prédite.

4. Système selon les revendications 1, 2 ou 3, dans
lequel la seconde fonction comprend un modèle de
réseau neuronal artificiel qui utilise au moins l’un par-
mi l’exercice, le stress, une maladie ou une opération
chirurgicale pour déterminer la valeur de glucose
prédite, et/ou dans lequel la seconde fonction utilise
un modèle autorégressif de premier ordre pour dé-
terminer la valeur de glucose prédite.

5. Système selon la revendication 4, dans lequel le mo-
dèle autorégressif de premier ordre comprend un
paramètre alpha, et dans lequel alpha est estimé de
manière récursive à chaque fois qu’un point de don-
nées de capteur est reçu.

6. Système selon la revendication 4, dans lequel le mo-
dèle autorégressif de premier ordre comprend un
facteur d’oubli, un horizon de prédiction et un seuil
de prédiction mis au point pour fournir un maximum
d’une alarme supplémentaire par semaine sur la ba-
se d’une analyse rétrospective comparant l’utilisa-
tion de la première fonction et de la seconde fonction
en conjonction par rapport à la première fonction
seule.

7. Système selon l’une quelconque des revendications
1 à 6, dans lequel l’évaluation des données de cap-
teur à l’aide de la première fonction et de la seconde
fonction permet d’augmenter le temps d’avertisse-
ment des alertes hypoglycémiques sans augmenter
sensiblement le nombre d’alertes par rapport à l’éva-
luation des données du capteur à l’aide de la pre-
mière fonction sans évaluer les données du capteur
à l’aide de la seconde fonction.

8. Système selon l’une quelconque des revendications
1 à 7, dans lequel la seconde fonction comprend un
filtre de Kalman pour déterminer la valeur de glucose
prédite en utilisant comme entrée une estimation du
taux de changement de la glycémie.

9. Système selon la revendication 1, dans lequel la se-
conde fonction comprend un horizon de prédiction
qui n’est pas réglable.

10. Système selon la revendication 1, dans lequel la se-
conde fonction comprend un horizon de prédiction
qui est réglé de manière adaptative par le module
processeur sur la base du premier seuil.

11. Système selon l’une quelconque des revendications
1 à 10, dans lequel l’indicateur hypoglycémique com-
prend un indicateur auquel est associé un ensemble
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particulier d’instructions en fonction du fait de savoir
si l’indicateur hypoglycémique a été activé sur la ba-
se de la satisfaction par la première fonction du ou
des premiers critères ou en fonction du fait de savoir
si l’indicateur hypoglycémique a été activé sur la ba-
se de la satisfaction par la seconde fonction du ou
des seconds critères.

12. Système selon l’une quelconque des revendications
1 à 11, dans lequel la sortie comprend au moins l’une
parmi une sortie audible, tactile ou visuelle, et dans
lequel la sortie est différenciée et/ou fournit des in-
formations sélectivement sur la base du de savoir si
l’indicateur hypoglycémique a été activé sur la base
de la satisfaction par la première fonction du ou des
premiers critères ou si l’indicateur hypoglycémique
a été activé sur la base de la satisfaction par la se-
conde fonction du ou des seconds critères.

13. Système selon l’une quelconque des revendications
1 à 12, dans lequel la fourniture d’une sortie com-
prend la transmission d’un message à un dispositif
d’administration d’insuline comprenant des instruc-
tions associées à au moins l’un parmi : a) la suspen-
sion de l’administration d’insuline, b) le lancement
d’un algorithme de minimisation d’hypoglycémie
et/ou d’hyperglycémie, c) la régulation de l’adminis-
tration d’insuline ou d) des informations associées à
l’indicateur d’hypoglycémie.
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