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1 

SYSTEMS AND METHODS FOR PROVIDING 
SENSITIVE AND SPECIFIC ALARMS 

CROSS-REFERENCE TO RELATED 
APPLICATION 

This application claims the benefit of U.S. Provisional 
Application No. 61/720,286, filed Oct. 30, 2012, the disclo­
sure of which is hereby expressly incorporated by reference in 
its entirety and is hereby expressly made a portion of this 
application. 

BACKGROUND 

The present systems and methods relate to processing ana­
lyte sensor data from a continuous analyte sensor. More par­
ticularly, the present systems and methods relate to providing 
accurate predictive alarms to a user. 

DESCRIPTION OF RELATED ART 

Diabetes mellitus is a disorder in which the pancreas can­
not 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 reac­
tion (low blood sugar) can be induced by an inadvertent 
overdose of insulin, or after a normal dose of insulin or 
glucose-lowering agent accompanied by extraordinary exer­
cise or insufficient food intake. 

Conventionally, a person with diabetes carries a self-moni­
toring blood glucose (SMBG) monitor, which typically 
requires uncomfortable finger pricks to obtain blood samples 
for measurement. Due to the lack of comfort and convenience 
associated with finger pricks, a person with diabetes normally 
only measures his or her glucose 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, 
sometimes incurring dangerous side effects. It is not only 
unlikely 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 inhib­
ited from making educated insulin therapy decisions. 

Another device that some diabetics use to monitor their 
blood glucose is a continuous analyte sensor. A continuous 
analyte sensor typically includes a sensor that is placed sub­
cutaneously, transdermally ( e.g., transcutaneously ), or intra­
vascularly. The sensor measures the concentration of a given 
analyte within the body, and generates a signal that is trans­
mitted to electronics associated with the sensor. 

One of the major perceived benefits of a continuous 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 going off, such that they ignore it because it 
has become a nuisance. The present disclosure addresses 
these needs. 

SUMMARY 

The present systems and methods relate to processing ana­
lyte sensor data. Provided herein are systems and methods 

2 
that allow a user to receive alerts or alarms indicative of 
glycemic condition in a more accurate and useful way. Con­
sequently, the user may have an improved user experience 
using such systems and methods. 

5 In a first aspect, a method of activating a hypoglycemic 
indicator based on continuous glucose sensor data is pro­
vided, 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 

10 a second function to determine whether a predicted glucose 
value meets one or more second criteria; activating a hypogly­
cemic 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 embodi-

15 ment 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 
embodiment of the first aspect, the evaluating sensor data 

20 using a first function to determine whether a real time glucose 
value meets one or more first criteria further comprises deter­
mining whether an amplitude of rate of change or direction of 
rate of change meets a rate of change criterion. In an embodi­
ment of the first aspect, the evaluating sensor data using a first 

25 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 embodi­
ment of the first aspect, the evaluating sensor data using a 
second function to determine whether the predicted glucose 

30 value meets one or more second criteria comprises evaluating 
a dynamic risk of the predicted glucose value. In an embodi­
ment of the first aspect, the second function comprises an 
artificial neural network model that uses at least one of exer­
cise, stress, illness or surgery to determine the predicted glu-

35 case value. In an embodiment of the first aspect, the second 
function utilizes a first order autoregressive model to deter­
mine the predicted glucose value. In an embodiment of the 
first aspect, the first order autoregressive model comprises a 
parameter alpha, and wherein alpha is estimated recursively 

40 each time a sensor data points is received. In an embodiment 
of the first aspect, the first order autoregressive model com­
prises a forgetting factor, a prediction horizon and a predic­
tion threshold tuned to provide no more than one additional 
alarm per week based on a retrospective analysis comparing 

45 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 data using the first 
function and the second function allows for increased warn­
ing time of hypoglycemic alerts without substantially 

50 increasing the number of alerts as compared to evaluating the 
sensor data using the first function without evaluating the 
sensor data using the second function. In an embodiment of 
the first aspect, the second function comprises a Kalman 
Filter to determine the predicted glucose value using as an 

55 input an estimate of the rate of change of the blood glucose. In 
an embodiment of the first aspect, the one or more first criteria 
comprises a first threshold that is configured to be user set­
table. In an embodiment of the first aspect, the one or more 
second criteria comprises a second threshold that is not user 

60 settable. In an embodiment of the first aspect, the second 
function comprises a prediction horizon that is not user set­
table. In an embodiment of the first aspect, the one or more 
second criteria comprises a second threshold that is adap­
tively set by the processor module based on the first threshold. 

65 In an embodiment of the first aspect, the second function 
comprises a prediction horizon that is adaptively set by the 
processor module based on the first threshold. In an embodi-
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ment of the first aspect, the hypoglycemic indicator com­
prises 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 acti­
vated 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 audible, tactile or visual 
output, and wherein the output is differentiated and/or pro­
vides information selectively based on whether the hypogly­
cemic indicator was activated based on the first function 
meeting the one or more first criteria or whether the hypogly­
cemic indicator was activated based on the second function 
meeting the one or more second criteria. In an embodiment of 
the first aspect, providing an output comprises transmitting a 
message to an insulin delivery device including instructions 
associated with at least one of: a) suspending insulin delivery, 
b) initiating a hypoglycemia and/or hyperglycemia mini­
mizer algorithm, c) controlling insulin delivery or d) infor­
mation associated with the hypoglycemia indicator. 

In a second aspect, a system for processing data is pro­
vided, the system comprising: a continuous analyte sensor 
configured to be implanted within a body; and sensor elec­
tronics configured to receive and process sensor data output 

4 
increased warning time of hypoglycemic alerts without sub­
stantially increasing the number of alerts as compared to 
evaluating the sensor data using the first function without 
evaluating the sensor data using the second function. In an 

5 embodiment of the second aspect, the second function com­
prises a Kalman Filter to determine the predicted glucose 
value using as an input an estimate of the rate of change of the 
blood glucose. In an embodiment of the second aspect, the 
one or more first criteria comprises a first threshold that is 

10 configured to be user settable. In an embodiment of the sec­
ond aspect, the one or more second criteria comprises a sec­
ond threshold that is not user settable. In an embodiment of 
the second aspect, the second function comprises a prediction 
horizon that is not user settable. In an embodiment of the 

15 second aspect, the one or more second criteria comprises a 
second threshold that is adaptively set by the processor mod­
ule based on the first threshold. In an embodiment of the 
second aspect, the second function comprises a prediction 
horizon that is adaptively set by the processor module based 

20 on the first threshold. In an embodiment of the second aspect, 
the hypoglycemic indicator comprises a flag that has a par­
ticular set of instructions associated with it depending on 
whether the hypoglycemic indicator was activated based on 

by the sensor, the sensor electronics including a processor 25 

configured to: evaluate sensor data using a first function to 
determine whether a real time glucose value meets one or 
more first criteria; evaluate sensor data using a second func­
tion to determine whether a predicted glucose value meets 
one or more second criteria; activate a hypoglycemic indica- 30 

tor if either the one or more first criteria or the one or more 

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 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 selec­
tively based on whether the hypoglycemic indicator was acti­
vated based on the first function meeting the one or more first 

second criteria are met; and provide an output based on the 
activated hypoglycemic indicator. In an embodiment 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 comprises determining whether the real­
time glucose value passes a glucose threshold. In an embodi­
ment 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 embodiment of 
the second 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 embodi­
ment of the second 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 dynamic risk of the predicted glucose value. In an embodi­
ment of the second aspect, the second function comprises an 
artificial neural network model that uses at least one of exer­
cise, stress, illness or surgery to determine the predicted glu­
cose value. In an embodiment of the second aspect, the sec­
ond function utilizes a first order autoregressive model to 
determine the predicted glucose value. In an embodiment of 
the second aspect, the first order autoregressive model com­
prises a parameter alpha, and wherein alpha is estimated 
recursively each time a sensor data points is received. In an 
embodiment of the second aspect, the first order autoregres­
sive 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 
comparing the use of the first function and the second func­
tion together as compared to the first function alone. In an 
embodiment of the second aspect, evaluating the sensor data 
using the first function and the second function allows for 

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 second aspect, providing 

35 output comprises transmitting a message to an insulin deliv­
ery device including instructions associated with at least one 
of: a) suspending insulin delivery, b) initiating a hypoglyce­
mia and/or hyperglycemia minimizer algorithm, c) control­
ling insulin delivery or d) information associated with the 

40 hypoglycemia indicator. 
In a third aspect, a method of transitioning between states 

associated with a host's glycemic condition is provided, the 
method comprising: evaluating sensor data from a continuous 
glucose sensor and activating an alert state based on the 

45 sensor data meeting one or more active transition criteria 
associated with a hypoglycemic condition or hyperglycemic 
condition; providing an output associated with the active alert 
state, wherein the output is indicative of the hypoglycemic 
condition or hyperglycemic condition; transitioning from the 

50 active state to an acknow !edged state for a time period respon­
sive 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 

55 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 embodiment of the third 

60 aspect, the transitioning from the active state to an acknowl­
edged 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 ofa) sensor data indica-

65 tive of a change in glucose trend or b) insulin information 
associated with a correction of the condition. In an embodi­
ment of the third aspect, the transitioning from the active state 
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to an acknowledged state comprises transitioning 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 acknowledgement of the alert on a user 
interface or b) user input insulin information or c) user input 5 

of meal information. In an embodiment of the third aspect, the 
actively monitoring comprises monitoring at least one of the 
sensor data, sensor diagnostic information, meal information, 
insulin information, or event information. In an embodiment 
of the third aspect, transitioning from the acknowledged state 10 

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 condi­
tion or hyperglycemic condition. In an embodiment of the 
third aspect, transitioning from the acknowledged state com- 15 

prises transitioning from the acknowledged state to the inac­
tive state based on the sensor 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 hypoglycemic condition or hyperglycemic 20 

condition. In an embodiment of the third aspect, transitioning 
from the acknowledged state comprises transitioning from 

6 
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 embodiment of the fourth 
aspect, transitioning from the active state to an acknowledged 
state comprises transitioning 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 acknowledgement of the alert on a user interface orb) 
user input insulin information or c) user input of meal infor­
mation. In an embodiment of the fourth aspect, the actively 
monitoring comprises monitoring at least one of the sensor 
data, sensor diagnostic information, meal information, insu­
lin information, or event information. In an embodiment 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 condi­
tion or hyperglycemic condition. In an embodiment of the 
fourth 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 inactivation criteria 
are different from the one or more active transition criteria 
associated with a hypoglycemic condition or hyperglycemic 

25 condition. In an embodiment of the fourth aspect, transition­
ing from the acknowledged state comprises transitioning 
from the acknowledged state to the inactive state based on 
insulin data and/or meal information. In an embodiment of 

the acknowledged state to the inactive state based on insulin 
data and/or meal information. In an embodiment 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 hypoglycemic condition or hyperglycemic condition 
being met and based on an expiration of a predetermined time 
period. In an embodiment of the third aspect, after receiving 30 

the user acknowledgement of the alert state and determining 
data is indicative of the host's glucose trending toward eug­
lycemia, further comprising transitioning from the acknowl­
edged state to the active state based on the host's glucose 
trending away from euglycemia during the active monitoring 35 

time period. In an embodiment of the third aspect, the method 
further comprises selectively outputting information associ­
ated with the state transition. In an embodiment 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 acknowledged state to the inactive state. 

the fourth 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 hypoglycemic condition or hyperglycemic 
condition being met and based on an expiration of a prede­
termined time period. In an embodiment of the fourth aspect, 
after receiving the user acknowledgement of the alert state 
and determining data is indicative of the host's glucose trend-
ing toward euglycemia, further comprising transitioning from 
the acknow !edged state to the active state based on the host's 
glucose trending away from euglycemia during the active 

In a fourth aspect, a system for processing data is provided, 
the system comprising: a continuous analyte sensor config­
ured to be implanted within a body; and sensor electronics 
configured to receive and process sensor data output by the 
sensor, the sensor electronics including a processor config­
ured to: evaluate sensor data from a continuous glucose sen-

40 monitoring time period. In an embodiment of the fourth 
aspect, the system further comprises selectively outputting 
information associated with the state transition. In an embodi­
ment of the fourth aspect, the output associated with a tran­
sition to the active state is different from the output associa-

45 tion with a transition from the acknowledged state to the 

sor and activating an alert state based on the sensor data 
meeting one or more active transition criteria associated with 
a hypoglycemic condition or hyperglycemic condition; pro- 50 

vide 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 indica- 55 

tive of the host's glucose trending toward euglycemia; 
actively monitor data associated with the host's hypoglyce­
mic or hyperglycemic condition for a time period in the 
acknowledged state; and transition from the acknowledged 
state to at least one of an inactive state or active state respon- 60 

sive to the data associated with the host's hypoglycemic or 
hyperglycemic condition meeting one or more predetermined 
criteria. In an embodiment of the fourth aspect, the transition-
ing from the active state to an acknowledged state comprises 
transitioning from the active state to the acknowledged state 65 

based on the data indicative of the host's glucose trending 
toward euglycemia, wherein the data is selected from the 

inactive state. 
In a fifth aspect, a method of determining when to re-alert 

a user based after a user has acknowledged a first alert is 
provided, the method comprising: initially activating an alert 
state based on one or more criteria based on data associated 
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 indicative of the host's glucose 
trending toward euglycemia; actively monitoring, by a pro­
cessor module, data associated with the host's hypoglycemic 
or hyperglycemic condition during the active monitoring time 
period; and reactivating the first alert state during the 
acknowledgement time period initiated by the data associated 
with the host's hypoglycemic or hyperglycemic condition 
meeting one or more second criteria. In an embodiment of the 
fifth aspect, the second one or more criteria are different from 
the first one or more criteria. In an embodiment of the fifth 
aspect, the method further comprises providing a first output 
associated with the initially activating and providing a second 
output associated with the reactivating. In an embodiment of 
the fifth aspect, the first output and the second output are 
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different. In an embodiment 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 glucose trending away from euglyce­
mia after trending toward euglycemia during the active moni­
toring time period. In an embodiment of the fifth aspect, the 
one or more second criteria associated with reactivation com­
prise a change in a real-time glucose value as compared to the 
real-time glucose value associated with the initially activat­
ing. 

In a sixth aspect, a system for processing data is provided, 
the system comprising: a continuous analyte sensor config­
ured to be implanted within a body; and sensor electronics 
configured to receive and process sensor data output by the 
sensor, the sensor electronics including a processor config­
ured 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 acknowl­
edged 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 eugly­
cemia; actively monitor data associated with the host's 
hypoglycemic or hyperglycemic condition during the active 
monitoring time period; and reactivate the first alert state 
during the acknowledgement time period initiated by the data 
associated with the host's hypoglycemic or hyperglycemic 
condition meeting one or more second criteria. In an embodi­
ment of the sixth aspect, the second one or more criteria are 
different from the first one or more criteria. In an embodiment 
of the sixth aspect, the system further comprises providing a 
first output associated with the initially activating and provid­
ing a second output associated with the reactivating. In an 
embodiment of the sixth aspect, the first output and the sec­
ond output are different. In an embodiment of the sixth aspect, 
the second criteria comprise conditions indicative of the 
host's glucose trending toward euglycemia and further com­
prise conditions indicative of the host's glucose trending 
away from euglycemia after trending toward euglycemia dur-
ing the active monitoring time period. In an embodiment 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 activating. 

In a seventh aspect, a method of avoiding unnecessary 
hyperglycemic alerts is provided, the method comprising: 
initially 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 associated with the 
first alert state; actively monitoring, by a processor module, 
data associated with the host's hyperglycemic condition dur­
ing the waiting time period; and providing an output associ­
ated 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 embodi­
ment of the seventh aspect, the actively monitoring comprises 
determining an average glucose over a window of time. In an 
embodiment of the seventh aspect, the actively monitoring 
comprises determining an amplitude and/or direction of rate 

8 
prises not providing output associated with the first alert state 
after the waiting time period based on the data associated with 
the host's hyperglycemic condition not meeting the one or 
more second criteria. In an embodiment of the seventh aspect, 

5 the one or more first criteria and the one or more second 
criteria are the same. In an embodiment of the seventh aspect, 
the one or more first criteria and the one or more second 
criteria are different. In an embodiment of the seventh aspect, 
the method further comprises transitioning from the first alert 

1 o 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 embodiment of the seventh aspect, the one or 
more first criteria and the one or more third criteria are the 
same. In an embodiment of the seventh aspect, the one or 

15 more first criteria and the one or more third criteria are dif­
ferent. 

In an eighth aspect, a system for processing data is pro­
vided, the system comprising: a continuous analyte sensor 
configured to be implanted within a body; and sensor elec-

20 tronics configured to receive and process sensor data output 
by the sensor, the sensor electronics including a processor 
configured to: initially activate a first alert state based on one 
or more first criteria associated with a hyperglycemic condi­
tion; wait a time period before providing an output associated 

25 with the first alert state; actively monitor data associated with 
the host's hyperglycemic condition during the waiting time 
period; and provide 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 

30 second criteria. In an embodiment of the eighth aspect, the 
actively monitoring comprises determining an average glu­
cose over a window of time. In an embodiment of the eighth 
aspect, the actively monitoring comprises determining an 
amplitude and/or direction of rate of change. In an embodi-

35 ment of the eighth aspect, the actively monitoring comprises 
determining an amplitude and/or direction of rate of accel­
eration. In an embodiment of the eighth aspect, the actively 
monitoring comprises evaluating insulin information. In an 
embodiment of the eighth aspect, the actively monitoring 

40 comprises evaluating meal information or timing. In an 
embodiment of the eighth aspect, the waiting time period is 
user selectable. In an embodiment of the eighth aspect, the 
system further comprises not providing output associated 
with the first alert state after the waiting time period based on 

45 the data associated with the host's hyperglycemic condition 
not meeting the one or more second criteria. In an embodi­
ment of the eighth aspect, the one or more first criteria and the 
one or more second criteria are the same. In an embodiment of 
the eighth aspect, the one or more first criteria and the one or 

50 more second criteria are different. In an embodiment 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 embodiment of the 

55 eighth aspect, the one or more first criteria and the one or more 
third criteria are the same. In an embodiment of the eighth 
aspect, the one or more first criteria and the one or more third 
criteria are different. 

of change. In an embodiment of the seventh aspect, the 
actively monitoring comprises determining an amplitude 60 

and/or direction of rate of acceleration. In an embodiment of 
BRIEF DESCRIPTION OF THE DRAWINGS 

the seventh aspect, the actively monitoring comprises evalu­
ating insulin information. In an embodiment of the seventh 
aspect, the actively monitoring comprises evaluating meal 
information or timing. In an embodiment of the seventh 
aspect, the waiting time period is user selectable. In an 
embodiment of the seventh aspect, the method further com-

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 

65 refer to like parts. The drawings are not necessarily to scale, 
emphasis instead being placed upon illustrating the principles 
of the disclosure. 
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FIG. 1 is a schematic view of a continuous analyte sensor 
system attached to a host and communicating with a plurality 
of example devices. 

10 
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 delivery FIG. 2 is a block diagram that illustrates electronics asso­

ciated with the sensor system of FIG. 1. 
FIG. 3A illustrates an embodiment, where the receiver of 

FIG. 1 shows a numeric representation of the estimated ana­
lyte value on its user interface. 

5 pump 2, and/or glucose meter 4 may couple with one or more 
devices, such as display devices 14, 16, 18, and/or 20. 

FIG. 3B illustrates an embodiment, where the receiver of 
FIG. 1 shows an estimated glucose value and one hour of 10 

historical data trend on its user interface. 
FIG. 3C illustrates an embodiment, where the receiver of 

FIG. 1 shows an estimated glucose value and three hours of 
historical trend data on its user interface. 

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) pro­
vided via network 406 (e.g., via wired, wireless, or a combi­
nation 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 information, such as statistics, regarding the mea-

FIG. 3D illustrates an embodiment, where the receiver of 
FIG. 1 shows and estimated glucose value and nine hours of 
historical trend data on its user interface. 

FIGS. 4A, 4B and 4C are illustrations of receiver liquid 
crystal displays showing embodiments of screen displays. 

15 sured analyte 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 Jun. 5, 2012, 

FIG. 4D is a screenshot of a smartphone display illustrating 20 

one embodiment of an alert indicting that the user's blood 
glucose is dropping and will soon be in a low range. 

FIG. 4E is a screenshot of a smartphone display illustrating 
one embodiment of a blood glucose trend graph. 

herein incorporated by reference in its entirety. 
In some example implementations, the sensor electronics 

12 may include electronic circuitry associated with measur­
ing and processing data generated by the continuous analyte 
sensor 10. This generated continuous analyte sensor data may 
also include algorithms, which can be used to process and 

FIG. 4F is an embodiment of a blood glucose trend arrow. 
FIG. 5 is an illustration of a continuous trace of glucose 

values measured during a time frame in accordance with an 
embodiment of the disclosure. 

FIG. 6 is a flowchart illustrating a process for dynamically 
and intelligently providing a prediction alert/alarm in accor­
dance with an embodiment of the disclosure. 

25 calibrate the continuous 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 combination thereof to provide measurement oflevels of the 
analyte via a continuous analyte sensor, such as a continuous 

FIG. 7 is an illustration of a continuous trace of glucose 
values measured during a time frame in accordance with an 
embodiment of the disclosure. 

30 glucose sensor. An example implementation of the sensor 
electronics 12 is described further below with respect to FIG. 
2. 

FIG. 8 is a flowchart illustrating a process for dynamically 35 

and intelligently monitoring the status after an alert/alarm has 
been triggered in accordance with an embodiment of the 
disclosure. 

FIG. 9 is a flowchart illustrating a process for determining 
a status change in accordance with an embodiment of the 40 

disclosure. 
FIG.10 is a flowchart illustrating a process for determining 

if a reactivation condition is met in accordance with an 
embodiment of the disclosure. 

FIG. 11 is an illustration of a state diagram showing the 45 

transitions from various states in accordance with an embodi­
ment of the disclosure. 

FIGS. 12-16 are example graphs showing estimated glu­
cose values ("EGVs") and when alerts would be expected to 
be provided for the EGV sin accordance with embodiments of 50 

the disclosure. 

DETAILED DESCRIPTION 

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 limi-
tation to any data associated with a sensor, such as a continu­
ous 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 AID converter from 
an analog signal ( e.g., voltage or amps) and includes one or 
more data points representative of a glucose concentration. 
Thus, the terms "sensor data point" and "data point" refer 
generally to a digital representation of sensor data at a par­
ticular time. The term broadly encompasses a plurality of 
time spaced data points from a sensor, such as from a sub­
stantially continuous glucose sensor, which includes indi­
vidual measurements taken at time intervals ranging from 
fractions of a second up to, e.g., 1, 2, or 5 minutes or longer. 
In another example, the sensor data includes an integrated 
digital value representative of one or more data points aver-

The following detailed description describes the present 
embodiments with reference to the drawings. In the drawings, 
reference numbers label elements of the present embodi­
ments. These reference numbers are reproduced below in 
connection with the discussion of the corresponding drawing 
features. 

55 aged over a time period. In some embodiments, sensor data 
may include calibrated data, smoothed data, filtered data, 
transformed data, and/or any other data associated with a 
sensor. 

The sensor electronics 12 may, as noted, couple ( e.g., wire-

Sensor System and Applicator 
60 lessly and the like) with one or more devices, 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 

FIG.1 depicts an example system 100, in accordance with 
some example implementations. The system 100 includes a 
continuous analyte sensor system 8 including sensor elec­
tronics 12 and a continuous analyte sensor 10. The system 65 

100 may include other devices and/or sensors, such as medi­
cament delivery pump 2 and glucose meter 4. The continuous 

sensor electronics 12 for display at the display devices 14, 16, 
18, and/or 20. 

The display devices may include a relatively small, key 
fob-like display device 14, a relatively large, hand-held dis-
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play 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, discrete self-monitoring 
glucose readings, heart rate monitor, caloric intake monitor, 5 

and the like). 
In some example implementations, the relatively 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 10 

identification (ID) card, and/or the like. This small display 
device 14 may include a relatively small display ( e.g., smaller 
than the large display device 16) and may be configured to 
display certain types of displayable sensor information, such 

12 
example, ketone bodies (e.g., acetone, acetoacetic acid and 
beta hydroxybutyric acid, lactate, etc.), glucagon, Acetyl Co 
A, triglycerides, fatty acids, intermediaries in the citric acid 
cycle, choline, insulin, cortisol, testosterone, and the like. 

FIG. 2 depicts an example of sensor electronics 12, in 
accordance with some example implementations. The sensor 
electronics 12 may include sensor electronics that are config­
ured to process sensor information, such as sensor data, and 
generate transformed sensor data and displayable sensor 
information, e.g., via a processor 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 
sensor data (e.g., one or more calibrated analyte concentra-

as a numerical value and an arrow. 15 tion values), rate of change information, trend information, 
rate of acceleration/deceleration information, sensor diag­
nostic information, location information, alarm/alert infor­
mation, calibration information, smoothing and/or filtering 

In some example implementations, the relatively 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 20 

configured to display information, such as a graphical repre­
sentation of the continuous sensor data including current and 
historic sensor data output by sensor system 8. 

In some example implementations, the continuous analyte 
sensor 10 comprises a sensor for detecting and/or measuring 25 

analytes, and the continuous analyte sensor 10 may be con­
figured 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 ana- 30 

lyze a plurality of intermittent blood samples, although other 
analytes may be used as well. 

In some example implementations, the continuous analyte 
sensor 10 may comprise a glucose sensor configured to mea­
sure glucose in the blood using one or more measurement 35 

techniques, such as enzymatic, chemical, physical, electro­
chemical, spectrophotometric, polarimetric, calorimetric, 
iontophoretic, radiometric, immunochemical, and the like. In 
implementations in which the continuous analyte sensor 10 
includes a glucose sensor, the glucose sensor may be com- 40 

prise any device capable of measuring the concentration of 
glucose and may use a variety of techniques to measure 
glucose including invasive, minimally invasive, and non-in­
vasive sensing techniques ( e.g., fluorescence monitoring), to 
provide a data, such as a data stream, indicative of the con- 45 

centration of glucose in a host. The data stream may be raw 
data signal, which is converted into a calibrated and/or filtered 
data stream used to provide a value of glucose to a host, such 
as a user, a patient, or a caretaker ( e.g., a parent, a relative, a 
guardian, a teacher, a doctor, a nurse, or any other individual 50 

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 sensor, a refillable 55 

subcutaneous sensor, an intravascular sensor. 
Although the disclosure herein refers to some implemen­

tations that include a continuous analyte sensor 10 compris-
ing a glucose sensor, the continuous analyte sensor 10 may 
comprises other types of analyte sensors as well. Moreover, 60 

although some implementations refer to the glucose sensor as 
an implantable glucose 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 65 

refers to glucose as the analyte being measured, processed, 
and the like, other analytes may be used as well including, for 

algorithms of sensor data, and/or the like. 
In some embodiments, a processor module 214 is config­

ured 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, processor 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 proces-
sor module 214, including within the sensor electronic 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 pro­
cessor 490 or elsewhere in network 406. 

In some example implementations, the processor 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 data. Moreover, the processor 
module 214 may be configured, in some example implemen-
tations, to wirelessly receive calibration information from a 
display device, such as devices 14, 16, 18, and/or 20, to enable 
calibration of the sensor data from sensor 12. Furthermore, 
the processor module 214 may be configured to perform 
additional algorithmic processing on the sensor data (e.g., 
calibrated and/or filtered data and/or other sensor informa­
tion), and the data storage memory 220 may be configured to 
store the transformed sensor data and/or sensor diagnostic 
information associated with the algorithms. 

In some example implementations, the sensor electronics 
12 may comprise an application-specific integrated 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 FIG. 2 depicts ASIC 205, other types of circuitry 
may be used as well, including field progranimable gate 
arrays (FPGA), one or more microprocessors configured to 
provide some (if not all of) the processing performed by the 
sensor electronics 12, analog circuitry, digital circuitry, or a 
combination thereof. 

In the example depicted at FIG. 2, the potentiostat 210 is 
coupled to a continuous analyte sensor 10, such as a glucose 
sensor to generate sensor data from the analyte. The paten-
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18, and/or 20. Furthermore, the processor module 214 may 
generate data packets for transmission to these outside 
sources via telemetry module 232. In some example imple­
mentations, the data packages may, as noted, be customizable 

tiostat 210 may also provide via data line 212 a voltage to the 
continuous analyte sensor 10 to bias the sensor for measure­
ment of a value (e.g., a current and the like) indicative of the 
analyte concentration 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 elec­
trodes at the continuous analyte sensor 10. 

In some example implementations, the potentiostat 210 
may include a resistor that translates a current value from the 
sensor 10 into a voltage value, while in some example imple­
mentations, a current-to-frequency converter (not shown) 
may also be configured to integrate continuously a measured 
current value from the sensor 10 using, for example, a charge­
counting device. In some example implementations, an ana­
log-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. 

5 for each display device, and/or may include any available 
data, such as a time stamp, displayable sensor information, 
transformed sensor 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 

10 detection or correction, and/or the like. 
The processor module 214 may also include a program 

memory 216 and other memory 218. The processor module 
214 may be coupled to a communications interface, such as a 
communication port 238, and a source of power, such as a 

15 battery 234. Moreover, the battery 234 may be further 
coupled to a battery charger and/or regulator 236 to provide 
power to sensor electronics 12 and/or charge the battery 234. 

The program memory 216 may be implemented as a semi­
static memory for storing data, such as an identifier for a 

20 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 example, the program code 
may configure processor module 214 to process data streams 

The telemetry module 232 may be operably connected to 
processor module 214 and may provide the hardware, firm­
ware, and/or software that enable wireless communication 
between the sensor electronics 12 and one or more other 
devices, such as display devices, processors, 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 technolo­
gies, radio frequency (RF), infrared (IR), paging network 30 

communication, magnetic induction, satellite data communi­
cation, spread spectrum communication, frequency hopping 
communication, near field communications, and/or the like. 

25 or counts, filter, calibrate, perform fail-safe checking, and the 
like. 

In some example implementations, the telemetry module 232 
comprises a Bluetooth chip, although the Bluetooth technol- 35 

ogy may also be implemented in a combination of the telem­
etry module 232 and the processor module 214. 

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 40 

(e.g., counts), from the sensor, filter the data, calibrate the 
data, perform fail-safe checking, and/ or the like. 

In some example implementations, the processor module 
214 may comprise a digital filter, such as for example an 
infinite impulse response (IIR) or a finite impulse response 45 

(FIR) filter. This digital filter may smooth a raw data stream 
received from sensor 10. Generally, digital filters are pro­
grammed to filter data sampled at a predetermined time inter-
val (also referred to as a sample rate). In some example 
implementations, such as when the potentiostat 210 is con- 50 

figured 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 implemen­
tations, the potentiostat 210 may be configured to measure 
continuously the analyte, for example, using a current-to- 55 

frequency converter. In these current-to-frequency converter 
implementations, the processor module 214 may be pro­
grammed to request, at predetermined time intervals (acqui­
sition time), digital values from the integrator of the current­
to-frequency converter. These digital values obtained by the 60 

processor module 214 from the integrator may be averaged 
over the acquisition time due to the continuity of the current 
measurement. As such, the acquisition time may be deter­
mined by the sampling rate of the digital filter. 

The processor module 214 may further include a data gen- 65 

erator (not shown) configured to generate data packages for 
transmission to devices, such as the display devices 14, 16, 

The memory 218 may also be used to store information. 
For example, the processor module 214 including memory 
218 may be used as the system's cache memory, where tem­
porary 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 eras­
able programmable read only memory (EEPROM), rewrit­
able RO Ms, flash memory, and the like. 

The data storage memory 220 may be coupled to the pro­
cessor 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 continu­
ous 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), 
calibrated data, filtered data, transformed sensor data, and/or 
any other displayable sensor information, calibration infor­
mation ( e.g., reference BG values and/or prior calibration 
information), sensor diagnostic information, and the like. 

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 transducer ( 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 example, toggle, menu selection, option selec­
tion, status selection, yes/no response to on-screen questions, 
a "tum 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 response to triggering of certain alerts, such 
as present and/ or predicted hyperglycemic and hypoglycemic 
conditions. In some example implementations, audible sig­
nals may be differentiated by tone, volume, duty cycle, pat­
tern, duration, and/or the like. In some example implementa-
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tions, the audible signal may be configured to be silenced 
(e.g., acknowledged or turned off) by pressing one or more 
buttons 224 on the sensor electronics 12 and/or by signaling 

16 
dynamic and intelligent analyte value estimation, perform 
diagnostics on the sensor and/or sensor data, set modes of 
operation, evaluate the data for aberrancies, and/or the like. 

Although separate data storage and program memories are the sensor electronics 12 using a button or selection on a 
display device ( e.g., key fob, cell phone, and/or the like). 

Although audio and vibratory alarms are described with 
respect to FIG. 2, other alarming mechanisms may be used as 
well. For example, in some example implementations, a tac-

5 shown in FIG. 2, a variety of configurations may be used as 
well. For example, one or more memories may be used to 
provide storage space to support data processing and storage 
requirements at sensor electronics 12. 

tile alarm is provided including a poking mechanism config­
ured to "poke" or physically contact the patient in response to 
one or more alarm conditions. 

Referring now to FIGS. 3A to 3D, more detailed schematic 
10 views of hand-held receiver 16 is shown. Hand-held receiver 

The battery 234 may be operatively connected to the pro­
cessor module 214 (and possibly other components of the 
sensor electronics 12) and provide the necessary power for 
the sensor electronics 12. In some example implementations, 15 

the battery is a Lithium Manganese Dioxide battery, however 
any appropriately sized and powered battery can be used ( e.g., 
AAA, Nickel-cadmium, Zinc-carbon, Alkaline, Lithium, 
Nickel-metal hydride, Lithium-ion, Zinc-air, Zinc-mercury 
oxide, Silver-zinc, or hermetically-sealed). In some example 20 

implementations, the battery is rechargeable. In some 
example implementations, a plurality of batteries can be used 
to power the system. In yet other implementations, the 
receiver can be transcutaneously powered via an inductive 
coupling, for example. 

A battery charger and/or regulator 236 may be configured 
25 

to receive energy from an internal and/or external charger. In 
some example implementations, a battery regulator (or bal­
ancer) 236 regulates the recharging process by bleeding off 
excess charge current to allow all cells or batteries in the 30 

sensor electronics 12 to be fully charged without overcharg-
ing other cells or batteries. In some example implementa­
tions, the battery 234 ( or batteries) is configured to be charged 
via an inductive and/or wireless charging pad, although any 
other charging and/or power mechanism may be used as well. 35 

One or more communication ports 238, also referred to as 
external connector(s ), may be provided to allow communica­
tion 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 40 

electronics 12. The communication port, for example, may 
comprise a serial (e.g., universal serial bus or "USB") com­
munication port, and allow for communicating with another 
computer system ( e.g., PC, personal digital assistant or 
"PDA," server, or the like). In some example implementa- 45 

tions, the sensor electronics 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. 

In some continuous analyte sensor systems, an on-skin 50 

portion of the sensor electronics may be simplified to mini­
mize complexity and/or size of on-skin electronics, 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, 55 

the sensor electronics 12 (e.g., via processor module 214) 
may be implemented to execute prospective algorithms used 
to generate transformed sensor data and/or displayable sensor 
information, including, for example, algorithms that: evalu-
ate a clinical acceptability of reference and/or sensor data, 60 

evaluate calibration data for best calibration based on inclu-

16 may comprise systems necessary to receive, process, and 
display sensor data from an analyte sensor, such as described 
elsewhere herein. Particularly, the hand-held receiver 16 can 
be a pager-sized device, for example, and comprise a user 
interface that has a plurality ofbuttons 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. 

In some embodiments, a user is able to toggle through 
some or all of the screens shown in FIGS. 3A to 3D using a 
toggle button on the hand-held receiver. In some embodi­
ments, the user is able to interactively select the type of output 
displayed on their user interface. In some embodiments, the 
sensor output can have alternative configurations. 

In some embodiments, analyte values are displayed on e.g., 
a display of medical device received. In some embodiments, 
prompts or messages can be displayed on the display device 
to convey information to the user, such as reference outlier 
values, requests for reference analyte values, therapy recom­
mendations, deviation of the measured analyte values from 
the estimated analyte values, providing predictive alert/ 
alarm, monitoring the glycemic alert state after the alert/ 
alarm is triggered, determining state changes, or the like. 
Additionally, prompts can be displayed to guide the user 
through calibration or troubleshooting of the calibration. 

FIGS. 4A to 4C illustrate some additional visual 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 FIG. 3, and the visual 
displays of FIG. 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 pro-
vided to allow for voice-activated control. 

FIG. 4A is an illustration of an LCD screen 226 showing 
continuous and single point glucose information in the form 
of a trend graph 184 and a single numerical value 186. The 
trend graph shows upper and lower boundaries 182 represent-
ing a target range between which the host should maintain 
his/her glucose values. Preferably, the receiver is configured 
such that these boundaries 182 can be configured or custom­
ized by a user, such as the host or a care provider. By provid­
ing visual boundaries 182, in combination with continuous 
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 FIG. 4A illus-
trates a I-hour trend graph ( e.g., depicted with a time range 
188 ofl-hour), a variety of time ranges can be represented on 
the screen 226, for example, 3-hour, 9-hour, 1-day, and the 

sion criteria, evaluate a quality of the calibration, compare 
estimated analyte values with time corresponding measured 
analyte values, analyze a variation of estimated analyte val­
ues, evaluate a stability of the sensor and/or sensor data, 
detect signal artifacts (noise), replace signal artifacts, deter­
mine a rate of change and/or trend of the sensor data, perform 

65 like. 
FIG. 4B is an illustration of an LCD screen 226 showing a 

low alert screen that can be displayed responsive to a host's 
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cemic event, so that he or she can take appropriate action to 
avoid the hypoglycemic event. 

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 

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, 5 

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 concentra­
tion has dropped below a preset limit, and what may be 
considered to be a clinically safe value, for example. 10 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 

In contrast, FIG. 4C is an illustration of an LCD screen 226 
showing a high alert screen that can be displayed responsive 
to a host's analyte concentration rising above an upper bound-
ary (see boundaries 182). In this example screen, a host's 
glucose concentration has risen to 200 mg/dL, which is above 15 

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 immediately and clearly alerting the host that his/her glu- 20 

case concentration has above a preset limit, and what may be 
considered to be a clinically safe value, for example. 

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. 

In these embodiments, the processor module 214 may be 
programmed with blood glucose values corresponding 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 comparing each one to the pro­
grammed values. If the user's blood glucose value crosses one 
of the thresholds, the processor module 214 outputs an alert to 
the smartphone'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, 

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 embodiments, as well 25 

as additional information. A user can toggle between these 
screens and/or the screens can be automatically displayed 
responsive to progranmiing within the e.g., hand-held 
receiver 16, and can be simultaneously accompanied by 
another type of alert ( e.g., audible or tactile). 30 the processor module 214 produces additional outputs, 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 

For example, FIG. 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. FIG. 4E is a screenshot of a smartphone 18 display 
illustrating one embodiment of a blood glucose trend graph. 35 

FIG. 4F is an embodiment of a blood glucose trend arrow. 
In some embodiments, the processor module 214 may 

provide a predictive alert on a smartphone 18 display or user 
interface 222 when a severe hypoglycemic event is predicted 
to occur in the near future. For example, the predictive alert 40 

may be shown when a severe hypoglycemic event is predicted 
to occur within 5 minutes, 10 minutes, 15 minutes, 20 min­
utes, 30minutes, etc. With reference to FIG. 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 45 

55 mg/dL. The arrow 300 may change color as it transitions 
from euglycemia to hypoglycemia, to emphasize 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 50 

LOW. This predictive alert may be configured to be priori­
tized over (override) whatever mode or application the smart­
phone 18 is in at the time the processor module 214 deter­
mines that a severe hypoglycemic event is predicted to occur. 
In other words, the alert may interrupt whatever is currently 55 

on the smartphone's user interface 222. 
In these embodiments, the processor module 214 may be 

programmed with a blood glucose value corresponding to a 
threshold below which the user is considered to be hypogly­
cemic. As the processor module 214 receives as inputs mu!- 60 

tiple EGV's at time-spaced intervals, it processes the inputs 
by comparing each one to the progranmied value, and also to 
previously received EGV' s. If the user's blood glucose shows 
a downward trend, and is approaching the progranmied value, 
the processor module 214 outputs an alert such as the one 65 

shown in FIG. 4 D to the smartphone' s user interface 222. The 
user thus receives an advance warning ofa potential hypogly-

input EGV's to additional programmed threshold values. 
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-output for this embodiment 
would be substantially the same as that for the previous 
embodiment. 

With extremely low blood glucose, a person can lose con­
sciousness. Thus, in certain of the present embodiments, at a 
predetermined level or event (low glucose level, no button 
pressing after alert, etc.) that might signify a loss of con-
sciousness, the processor module 214 may go into an emer­
gency response instruction mode. This mode may include an 
alarm to alert others in close proximity to the user that some­
thing is wrong. For example, step-by-step instructions on how 
to assist the unconscious user may be shown on the smart-
phone's user interface 222, such as administering glucose 
tabs or another form of carbohydrates, calling an ambulance, 
etc. 

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 processor module 214 may produce 
an output in the form of an alert. If the user does not respond 
to the alert by pressing a button or an area on a touchscreen 
user interface 222, for example, the processor module 214 
may determine that the user may be unconscious, and pro­
duces another output in the form of the emergency response 
instruction mode described herein. 

In various other embodiments, the processor module 214 
may provide differentiated visual high/low thresholds versus 
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alert thresholds. For example, the 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 interface 222 as horizontal lines that the user 
should strive not to cross. Ordinarily, crossing either of the 5 

lines might generate an alert. However, excessive alerts can 
be annoying 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 bound­
aries that generate an alert. For example, the boundaries that 10 

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 15 

alert. Alternatively, the boundaries that generate an alert 
might be visible, but distinguishable from the target range 
boundaries. Examples 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 20 

embodiments, 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. 

In various other embodiments, a user interface of the pro­
cessor module 214 may be the first thing that the user sees 25 

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 predetermined amount of time. This 
measure saves battery power. To reactivate the user interface 30 

222, the user must press a button on the smartphone 18. In 
certain embodiments, when the user reactivates the user inter­
face 222, the first thing he or she sees is the user interface of 
the processor module 214. In these embodiments, the proces-
sor module 214 receives as an input a notification that the user 35 

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. 40 

In various other embodiments, a trend graph displayed by 
the processor module 214 is color coded. For example, with 
reference to FIG. 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± 10% outside the target range, orange 45 

if ±15% outside the target range, and red if ±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, 50 

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 55 

( e.g., determination 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 60 

comprises calculating at least two point-to-point rate of 
change calculations, and wherein the rate of change calcula­
tion further comprises adaptively selecting a filter to apply to 
the point-to-point rate of change calculation based at least in 
part on a level of noise determined. The processor module 214 65 

may output these values as data points on the trend graph 400 
on the user interface 222 and also updates the value 408 

20 
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 orienting 
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). 

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 FIG. 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 FIG. 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. 

In various other embodiments related to that of FIG. 4E, 
rather than using a hard threshold for the transition 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 ±10% outside the target range, the display 
would instead gradually transition from green to yellow as the 
user's glucose moves away from the target range toward the 
established threshold. Thus, at ±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% outside the target range, ± 7% 
outside the target range, ±8% outside the target range, etc. 
Predictive Alerts/ Alarms 

In some embodiments, the sensor outputs a signal 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 general, a conversion func­
tion is applied to the sensor signal in order to produce a user 
output that the user understands as representative of a con­
centration of analyte in his or her bloodstream. Such a proper 
conversion function may take into account numerous vari­
ables, e.g., sensitivity (slope), baseline (intercept), drift, tem­
perature correction, factory-derived information or other cali­
brations or adjustment to the data. After a suitable conversion 
function is applied, the user may see an output similar to that 
shown in e.g., FIGS. 3A to 3D. 

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 epi­
sodes occur. For example, an alert generated to indicate that 
without intervention a hypoglycemia episode will occur 
within 20 minutes would allow the host or patient to ingest 
and absorb sugar in time. 

Referring now to FIG. 5, an example of a continuous 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 FIG. 5, the example glucose trace 
embodies a graph having a glucose level e.g., mg/di, com­
pared against a time frame e.g., 24 hours. 

As shown, there are three threshold values or limits used in 
the monitoring of the glucose values in some embodiments: 
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appreciated that the glucose trace generally 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 

TV1 , TV2 and TVp. TV1 may be settable 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, TV 2 may be settable 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. TV P is the 
predictive threshold, e.g., the threshold against which a pre­
dicted 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. 

5 a user on their monitor or device with a viewing screen as can 
serve as a quick check on how a user's glucose looked for a 
particular time period. Another example of the bound region 
is shown in FIG. 4A and designated as reference numeral 182. 

As shown, TV P does not have a particular glucose value 
given. This is because TV P may not be settable by the user; it 
may be a fixed value or permanent value set during factory 
settings. In some embodiments, TV P may represent a danger­
ously low glucose value e.g., be indicative of a serious 
hypoglycemic event. In some embodiments, TV P may repre­
sent a value at or around 55 mg/dL. 

In some embodiments, this shaded "target zone" differs 
10 from the region defined by TV 1 and TV 2 , hereinafter referred 

to as the "alert boundary". In some embodiments, TV1 and 
TV 2 are not viewable by a user, but are rather internal values 
used by appropriate algorithms or functions to e.g., alert the 

15 user when necessary. 
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 TV 1 and TV 2 , respectively. Addition-In some embodiments, TV P 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 algorithm or function may 
determine that TV P should be set at 65 mg/dL. Conversely, if 

20 ally, TV P may be shown, as a simple alarm icon, for example. 
In some embodiments, the predictive alerts may be acti­

vated 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 

the user sets TV 2 to be a relative low value, e.g., 70 mg/dL, an 
algorithm or function may determine that TV P should be set at 
55 mg/dL. Additionally or alternatively, the prediction hori­
zon, PH, may be preset or adaptively selected based on 
another parameter associated with prediction, for example, 
based on TV 2 selected and/or TV p· 

25 different user needs. For example, a sensitive prediction set­
ting may use a PH=30 minutes and TV p=70 mg/dL; a normal 
prediction setting may set values at PH=20 min and TV p=55 
mg/dL; and a non-annoying prediction setting may set values 

Still referring to FIG. 5, there are shown two flags x1 andx2 . 

Flag x1 may generally be considered a threshold flag, and may 30 

be configured to alert the user that a first threshold, e.g., TV 2 , 

at PH= 10 min and TV p=55 mg/dL. 
It should be noted that, although the disclosure focuses on 

prediction horizon and criteria associated with prediction at 
low glucose (hypoglycemia), all of the principles applied to 
hypoglycemic alarms/alerts may be implemented for high 
glucose (hyperglycemia) as may be appreciated by one 

has been met. In some embodiments, threshold flag x1 oper­
ates to notify the user in real time, or approximately real time 
(e.g., may take into account processing delay, etc.) when a 
threshold has been met or crossed. An example of using 
threshold flag x1 is when the user wants to be notified of when 

35 skilled in the art. 

his glucose level hits a certain value, high or low. When the 
user's glucose value is determined to meet that predetermined 
user set value, the user may be notified via an alert or alarm. 
Additional rate of change conditions may be added ( e.g. TV 1 40 

and rate of change increasing at >0.5 mg/dL/min or TV 2 and 
rate of change decreasing at >0.5 mg/dL/min). 

Flag x2 may generally be considered a predictive flag, and 
may be configured to alert the user that a second threshold, 
e.g., TV p, is predicted to be met within a predetermined or 45 

predefined time frame or time horizon PH. In some embodi­
ments, 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. 

An advantage of the glucose monitoring profile shown in 50 

FIG. 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 (threshold or prediction) Use 
of prediction algorithm parameters ( e.g., reliance on modeled 
versus measured data, time-sensitive weighting of past data, 55 

prediction horizon PH, and prediction threshold TV p) tuned 
in advance may increase or optimize warning time for 
patients before a severe event occurs and may minimize the 
number of nuisance/false alarms heard by user. 

In some embodiments, the prediction parameters (TV P and 60 

PH) may be invisible to the user and preset or fixed. In some 
embodiments the prediction parameters are determined from 

FIG. 6 is a flowchart 500 illustrating a process for dynami­
cally and intelligently providing a prediction alert/alarm in 
accordance with an embodiment of the disclosure. As 
explained above, providing a predictive alert/alarm is highly 
desirable as it may minimize and/or prevent the number of 
hypoglycemia and/or hyperglycemia episodes a user experi-
ences. 

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 averaged, smoothed, and/or fil-
tered in certain embodiments using a filter, for example, a 
finite impulse response (FIR) or infinite impulse response 
(IIR) filter. 

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 determining if a data point has met 
one or more first predetermined criteria associated with 
hypoglycemia or hyperglycemia. Such predetermined crite­
ria may be input by the user using e.g., a menu for inputting 
various alert thresholds. Alternatively, the predetermined cri­
teria may be set according to factory settings and may be 
fixed, such that the user cannot change, e.g., the alert thresh­
old. In some embodiments, the predetermined threshold is 
saved in e.g., a lookup table, and may depend on other param-
eters 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 

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. 

Referring back to FIG. 3A, an example glucose trace of a 
user's day is shown. From looking at the trace, it can be 

65 define a user's current glycemic state, rather than static 
thresholds, such as static risk or dynamic risk models, where 
the criteria would be defined based on the output of these 
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complex algorithms or instructions (e.g., gradients, yes/no 
indicators, percentages, probabilities, or the like). 

In some embodiments, the sensor data comprises real time 
glucose values (e.g. blood glucose values (BGs)), calibrated 
glucose values (e.g., estimated glucose values (EGVs)), rate 5 

of change of glucose values, 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 
processor module 214 may be configured to evaluate sensor 10 

data using a first function to determine whether a real time 
glucose value meets one or more first predetermined criteria. 

In some embodiments, the criteria may be thought of as 
including at least one component. For example, the criteria 
may be representative of a singular or absolute value. In some 15 

embodiments, the criteria may comprise two or more com­
ponents. For example, the threshold may be representative of 
a range of values. Alternatively, the threshold may be repre­
sentative of a singular value associated with a time compo­
nent. In other embodiments, the threshold may be represen- 20 

tative of a singular value associated with a direction or rate of 
direction. 

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 read- 25 

ing drops to 70 mg/dL or 70 mg/dL and rate of change is 
negative (indicative of decreasing glucose 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 30 

art, there is a fine balance 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 selected value, the 35 

more sensitive the alert trigger, e.g., the more often a user is 
going to be alerted. 

In some embodiments, the first threshold may be a user 
settable number or a qualitatively sensitive indication for the 
threshold being crossed. The qualitatively sensitive indica- 40 

ti on may include settings such as "sensitive", "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. 45 

For example, 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. 

In some embodiments, the first set ofinstructions or criteria 50 

may include any algorithm suitable for determining if a data 
point has met or crossed a predetermined threshold. In some 
embodiments the first set of instructions or criteria may 
include a more complex assessment of glycemic state, includ-
ing for example, other parameters such as amplitude and/or 55 

direction of rate of change of glucose, rate of acceleration/ 
deceleration of glucose, insulin and/or meal consumption. In 
some embodiments, 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 gen- 60 

erate and determine whether a particular criterion has been 
met. In some embodiments, the algorithm performs its calcu­
lations on uncalibrated sensor data, after which the results are 
converted into calibrated data and compared to the criteria 
and/or threshold. Performing some or all of the algorithmic 65 

processing on uncalibrated data may be advantageous to 
reduce negative impacts of error or bias associated with cali-

24 
bration; however in some embodiments, the algorithmic pro­
cessing may be performed on calibrated data. 

In other embodiments, more complex algorithms 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, per­
centages, probabilities, or the like). 

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. 

Similar to block 520, in block 530, the second set of 
instructions or criteria may include any algorithm or algo­
rithms suitable for evaluating sensor data to determine 
whether a glycemic state (hyper- or hypo-gylcemia) is pre­
dicted, 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. 

In some embodiments, the second set of instructions 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 gath­
ering the inputs, a hidden layer that transforms the inputs 
using polynomial or non-linear functions, e.g. squaring, sig­
moidal, thresholding, and a third output layer that combines 
the outputs of hidden layer into output or predicted value(s). 
Neurons may be totally connected and feedforward. One 
useful artificial 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 network," 
in IX European Signal Processing Conference (EUSIPCO), 
Rhodes, 1998, pp. 673-676. Each neuron in second and third 
layers takes as input a weight combination of outputs from the 
previous layer. These weights are tuned to give the best pre­
dicted 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 train­
ing process is complete, the network may be used to predict 
outputs 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 samples 
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 sampling rate 
varies from one CGM system to another, the number of the 
NNM inputs may be different for each dataset. The output of 
the network may be the glucose prediction at the prediction 
horizon time. 

In some embodiments, the second set of instructions may 
use an autoregressive model ( first order, second order or third 
order, for example) to predict a future 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 Concen­
tration can be Predicted. Ahead in Time From Continuous 
Glucose Monitoring Sensor Time-Series." Biomedical Engi­
neering. IEEE Transactions 011. 2007, voL 54, pp. 931-937. 
This algorithm predicts the future glucose value by taking the 
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current glucose value y(n) and multiplying the previous glu­
cose value y(n-1) by some coefficient a. When glucose is 
rising, a will be some value slightly larger than 1 and when it 
is falling a will be a little less than 1. In this algorithm, the 
model parameter (a) may be estimated recursively (e.g., 5 

updated every 5 minutes to account for glucose dynamics) to 
minimize the sum of squared residuals for all pairs of pre­
dicted 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 10 

minutes). Prediction parameters ( e.g., forgetting factor, pre­
diction horizon, and prediction threshold) may be tuned in 
advance to optimize 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 15 

example, the direction of glucose changes over time, so a 
forgetting factorµ may be used to weight the most recent data 
more heavily with a value between O and 1. Prediction hori­
zon and/or prediction thresholds may be predetermined by 
the system and/or user selectable as described in more detail 20 

elsewhere herein. 

26 
criteria include a predetermined 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. 

In some embodiments, the second predetermined 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 pre­
dicted in the near future but the current glucose level is 200 
mg/dL then that prediction 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 informa­
tion, is that if the user indicated that they recently ate a meal, 
then it may be the glucose will quickly tum around and it is 
not necessary to alert them at this time. 

In some embodiments, the second predetermined criteria 
may be at least partially or adaptively based on the first 

In some embodiments, the first order autoregressive model 
includes a forgetting factor, a prediction horizon and a pre­
diction threshold tuned to provide no more than one addi­
tional 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 some 
embodiments, this is at least partially achieved by monitoring 

25 predetermined threshold. For example, a suitable set of algo­
rithms or functions may base e.g., the prediction horizon 
and/or the second predetermined threshold on the first prede­
termined threshold. 

In some embodiments, the second set of instructions is the user's qualitatively sensitive indication and prompting or 
urging the user to select the appropriate setting. 

In some embodiments, the second set of instructions may 
use a Kalman filter ( an optimal estimation method) to predict 

30 completely predictive, meaning that the instructions use past 
and/or current data to determine if a user will meet or cross 
through the second predetermined threshold in a predeter­
mined time frame or horizon. The predetermined time frame a future glucose value. The Kalman filter trades off the prob­

ability that a measured glucose change is due to sensor noise 
versus an actual change in glucose, to obtain the maximum 35 

likelihood estimate of glucose ( and its first and second deriva­
tives). One useful Kalman Filter implementation is described 
by Palerm, C. and Bequette, W. in "Hypoglycemia Detection 
and Prediction Using Continuous Glucose Monitoring-A 
Study on Hypoglycemic Clamp Data," J Diabetes Sci Tech- 40 

no!. 2007 September; 1(5): 624-629. The states are the blood 
glucose concentration (gk), its rate of change (d"' 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 covariance matrix Q), 45 

which describes changes to the process. The sensor glucose 
measurements are assumed to contain noise, described by uk 

(with covariance matrix R). Prediction model parameters 

or horizon is preferably long enough for a user to take action 
to tum around a predicted event. For example, the predeter­
mined horizon may be at least 15 minutes in some embodi-
ments, at least 20 minutes in some embodiments, and at least 
30 minutes in some embodiments. 

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 measurements 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 ( e.g., Q/R ratio, prediction horizon, and prediction threshold) 

may be tuned in advance and/or user selectable. 
In some embodiments, the second set of instructions or 

function may optionally include a mechanism to include user 
input, such as insulin, exercise, meals, stress, illness, histori-

50 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. 

cal patient information (e.g., patterns or trends), etc. 
In some embodiments, the sensor data comprises real time 55 

glucose values, (e.g. blood glucose values (BGs)), calibrated 
glucose values (e.g., estimated glucose values (EGVs)), rate 
of change of glucose values, direction of change of glucose 
values, acceleration or deceleration of glucose values, insulin 
information, event information, historical trend analysis 60 

results, and the like Consequently, in some embodiments, the 
processor module 214 may be configured to evaluate sensor 
data using a second function to determine whether a predicted 
glucose value meets one or more predictive alarm criteria. 

The second predetermined criteria may include a single 65 

value, a range of values, a direction associated with the value, 
a rate of direction, etc. In some embodiments, the second 

As sensors become more accurate through improved sen­
sor 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 physi-
ology, time since the sensor was inserted, glucose state (hypo­
or hyper-), glucose rate of change, knowledge of filtering 
performed, and other variables may influence the amount of 
time lag a sensor will experience. Consequently, in some 
embodiments, a time lag adjustment algorithm or set of 
instructions 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 instruc­
tions 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 addi-
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tional information e.g., obtained through algorithmic or alter­
nate detection means. For example, information that may 
influence the prediction horizon include: time since the sen-
sor 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. Conse­
quently, in some embodiments, a time adjustment lag algo­
rithm may use as one or more inputs, one or more of the 
following variables: time since the sensor was inserted, glu­
cose state or rate of change, user a priori information. In some 
embodiments, additional sensors may be implemented to 
directly 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 secondary electrode on the 
surface of the skin. 

In some embodiments, blocks 520 and/or 530 may be 
iteratively repeated with the receipt of any new data, includ-
ing data derived from the sensor, another medical device ( e.g., 
insulin delivery device) and/or the useror host ( via user input) 
prior to the activation of a hypoglycemic indicator. 

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 or530wherex1 orx2 is flagged). For example, the first set 

28 
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 

5 data meeting a predetermined criterion), b) initiate a hypogly­
cemia 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) 
control insulin delivery responsive thereto or d) information 

10 associated with the alert ( e.g., hypoglycemia indicator). Sen­
sor 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 

15 hypo-avoidance system to be sent to the insulin delivery 
device, for example, a hypoglycemic indicator may include 
information useful for determining when and for how long to 
suspend or reduce basal insulin delivery ( e.g., predicted glu­
cose value and prediction horizon, rate of change of glucose, 

20 static risk, dynamic risk) or may send the actual instructions 
(e.g., suspend basal delivery for 20 minutes). 

In some embodiments, the alert and/or alert settings may be 
manipulated by a user or set one or more thresholds (e.g., 
from about 60-100 mg/dL). In some embodiments, the user 

25 can disable/enable the first and/or second functions. In some 

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 second set of instructions may determine second 30 

threshold is predicted to be met at 9:00 pm in block 530, using 

embodiments, a single message indicating an "early warn­
ing" or alert may be provided to the user. In some embodi­
ments, particularly in the context of a closed loop or semi-
closed loop systems, the settings are configured based on a 
control algorithm, which may be programmable or down­
loadable by a user. 

the 20 minute prediction horizon. In this example then, where 
both the first and second evaluations have met their criteria, 
either or both may be used in subsequent processing. 

In some embodiments, the alert may be selected from the 

As described above, the hypoglycemic indicator may com- 35 

prise a single indicator representative of whichever function 
determines or predicts that a threshold will be crossed first in 
time. In some embodiments, the hypoglycemic indicator 
comprises a flag that has a particular set of instructions asso­
ciated with it, depending on whether the first evaluation using 40 

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 evalu­
ations show criteria being met, there is unique processing and 45 

output indicating both actual and prediction-based criteria 
were met. Alternatively, rules may be provided to determine 
which criteria were met. 

group including: audible, tactile, visual and/or data transmis­
sions (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 activated, the data may 
be transmitted to a parent's smartphone ( 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. 

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 horizon, and the 
threshold alert is associated with a reading of70 mg/dL, the 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 andx2 ), such as "x1 is at 76 mg/dL" and "x2 is predicted to 
be at 55 mg/dL in 20 minutes." 

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 pro­
cessor 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 because it may provide a user more time to turn 
around an actual or predicted a hypoglycemic and/or hyper­
glycemic event. 

In addition to sending any of the above-described sensor 
data to an insulin delivery device, in some embodiments, the 

50 prediction alarm indicator would be configured to control the 
alert screens and output. 

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/ 

55 screen for alarms and alerts is to assist the user in understand­
ing 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 embodiments, whichever alert is met or pre­
dicted to be met first in time, is the alert conveyed to the user. 

60 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 FIGS. 3B and 4A. In some embodiments, informa­
tion from the results of both the first and second sets of 

65 instructions may be combined and relayed on a user interface, 
whether or not they both met certain criteria. For example, a 
combined alert screen would include both a predictive alarm 
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(e.g., an indication that the host is below the alert threshold 
(TV 2 ) and is predicted to be below predicted threshold TV P 

within 20 minutes or an indication that the host is below the 
alert threshold (TV 2 ) but is not predicted to be below pre­
dicted threshold TVp within 20 minutes). In some embodi­
ments, additional information, such as therapy recommenda­
tions or requests for additional information may be displayed. 

Once a hypoglycemic alert or alarm has been triggered, the 
processor module 214 may continue onto the post-alert moni­
toring, described in more detail below. Additionally or alter­
natively, where a system includes remote monitoring ( e.g., a 
remote electronic device receiving 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 transmis­
sion, or the like, may be initiated to allow the caretaker or 
parent to more closely monitor the patient during hypoglyce­
mic or predicted hypoglycemic events. The increase in com­
munication 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 additional information 
directly from the remote device. 
Post-Alert Monitoring 

Another issue commonly confronted with continuous glu­
cose 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 

30 
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 alerts ( e.g., at 80 mg/di) using a simple time-

5 based snooze, the user may not be aware of the worsening 
condition after TAIE. 

Still referring to FIG. 7, the region or zone where the 
glucose value oscillates may be further defined by a first 
and/or second glucose threshold TV 21 and TV 22 . First glu-

10 case threshold value TV 21 may generally be referred to as the 
upper region or zone limit for a value that oscillates around 
e.g., TV 2 . Second glucose threshold value TV 22 may gener­
ally be referred to as the lower region or zone limit for a value 
that oscillates around e.g., TV 2 . In some embodiments, taken 

15 together, TV 21 and TV 22 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 

20 is provided to the user at TA1s and the user acknowledges the 
alert, the user may not be re-alerted until after TA1D e.g., 
when the glucose value exits the buffer zone (e.g., change in 
glycemic state). In some embodiments, TV 21 and TV 22 may 
have asymmetrical bounds and/or no lower bound (no TV 22). 

25 For at least the reason that the glucose trace scenario suggests, 
more intelligent and dynamic decision making may be advan­
tageous such that a user is not overly alarmed in certain 
situations (e.g., between TA1s and TAI£), but sufficiently 
alarmed in other situations (e.g., after TAIE). Such a buffer 

30 zone, also referred to as margins or deltas herein, may be 
bidirectional and/or asymmetrical depending on the condi-
tion. 

be situations following the initial trigger of an alarm that 35 

would require an additional alarm to be provided to the user. 

FIG. 8 is a flowchart illustrating a process 700 for dynami­
cally and intelligently monitoring the hosts' glycemic condi­
tion after activating an alert state based on the sensor data 
meeting one or more active transition criteria associated with 

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 hypoglycemic 
and/or hyperglycemic event during suspend or snooze time 40 

period. 

a hypoglycemic condition or hyperglycemic condition, for 
example, as described with reference to block 540. Addition­
ally, post alert monitoring may be applied for any alarm or 
alert, whether evaluating against multiple criteria as in blocks 
520 and 530, or simply compared against a single threshold 

Referring now to FIG. 7, an example of a continuous 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 FIG. 5, in FIG. 7, the example 45 

continuous glucose trace may embody a graph having a glu­
cose level e.g., mg/dL, compared against a time frame e.g., 24 
hours. 

(e.g., hypoglycemic or hyperglycemic threshold). In some 
embodiments, 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 As shown, there are three threshold values or limits used in 

the monitoring of the glucose values: TVb TV2 and TVp. 
These values have already been discussed in the FIG. 5 dis­
cussion above. 

In FIG. 7, there is a region or zone defined between a first 
and second time point TA1s and TA1r 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 TAIE 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 TV 2 has been met. In the time interval 
following TA1s, the user's glucose value generally hovers or 
oscillates 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. 

In some conventional systems, each time a user's glucose 
value would cross a threshold such as TV 1 and TV 2 , the user 
would be alerted again that a threshold had been crossed. This 

50 the actively monitoring determines a worsening condition. 
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 

55 indicative of the hypoglycemic condition or hyperglycemic 
condition. In some embodiments, the post-alert monitoring 
will begin regardless of whether a user has acknowledged the 
alert, where the acknowledgement will alter the post-alert 
state as described elsewhere herein. In some embodiments, 

60 post-alert monitoring begins with a transition from the active 
state to the acknowledged state. 

Criteria for triggering an alert, also referred to as transi­
tioning from an inactive state to active state or activation 
criteria, may be any criteria or threshold associated with 

65 hypoglycemia or hyperglycemia. Activation criteria may 
include glucose value, predicted glucose value, rate of change 
of glucose ( direction and/or amplitude), rate of acceleration 
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of glucose ( direction and/or amplitude), static risk models, 
dynamic risk models, or the like. Additionally or alterna­
tively, activation criteria disclosed for transitioning 1055 
from inactive state 1030 to active state 1010 may initiate the 
dynamic and intelligent monitoring the hosts' glycemic con­
dition after activating an alert state associated with hypogly­
cemia or hyperglycemia. 

At block 710, processor module 214 may be configured to 
actively monitor data associated with the host's hypoglyce­
mic 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. 

32 
At block 720, processor module 214 is configured to tran­

sition 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 

5 meeting one or more predetermined criteria. The processor 
module 214 may determine ifthere 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 

10 condition. 

In some embodiments, the user or host has acknowledged the 
initial alert. As described in more detail elsewhere herein, 15 

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 described in more detail elsewhere 
herein. In other embodiments, a change in status may be a acknowledgement of an alarm may include a user interaction 

with the system ("user action"), such as a button or menu 
selection, or other data input (e.g., meal or insulin informa­
tion entered). Additionally or alternatively, acknowledge­
ment of an alarm may be based on monitoring of data asso­
ciated with the glycemic state, including sensor data, insulin 
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. Acknowledgement 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. 

In some embodiments, processor module 214 actively 
monitors data associated with the host's hypoglycemic or 
hyperglycemic condition for a time period in the acknowl­
edged state or continuously while in the acknowledged state 
until a state transition to inactive (e.g. based on inactivation 
criteria). In some embodiments, processor module 214 moni­
tors sensor data or other data received post-alert activation. 
For example, the data may include information such as: sen­
sor data ( e.g., glucose levels, trends, distances between peaks 
and valleys indicative of meal timing, etc), sensor diagnostic 
information (noise indicators), meal information ( e.g., caloric 
intake and time of intake), insulin information, or other event 
information. In some embodiments, actively monitoring data 
includes determining an average glucose over a window of 
time, an amplitude and/or direction of rate of change of glu­
cose or an amplitude and/or direction of rate of acceleration of 
glucose. 

negative event, such as an indication that a user has dropped 
further toward a hypoglycemic event (e.g., acceleration/de­
celeration analysis of the sensor data) for a particular time 

20 period ( e.g., 20 minutes), with or without a sub-state of recov­
ery 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 second alert or 
alarm may be valuable in warning the user that his condition 

25 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 embodiments, a status change 
indicative of such a negative event may override an acknowl­
edged state ( described elsewhere herein), causing the system 

30 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 frequent, 
and/or may result in a communication with 911, a care taker, 

35 or the like. 
In some embodiments, processor module 214 may be con­

figured 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 

40 remaining in a particular state ( e.g., active state) and/or reac­
tivation conditions as described in more detail elsewhere 

In some embodiments, processor module 214 tracks how 45 

quickly and/or how often the user acknowledges the alarms to 
determine further processing. For example, patterns that 
evaluate timing of user acknowledgement, information about 

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 thresh­
old 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 situa-

the type of alert that was triggered and/or resulting recovery 
from the condition may be evaluated and future acknowl- 50 

edgements or alerts modified based thereon. In general, how­
ever, the processor module 214 may process alarms based on tions, the intelligent post-alert monitoring algorithms would 

likely avoid these armoying alerts ( e.g., as long as a user 
remains in the same state and/or reactivation conditions have 

the assumption that a user acknowledgement of the alert/ 
alarm indicates the user is aware of the conditions. Accord­
ingly, re-alert conditions may be different, e.g., more strin­
gent, in some embodiments, as described herein. 

In some embodiments, the sensor data is actively moni­
tored during the acknowledgement time period, 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 allowed to select the time period. In some embodi­
ments, the post-alert sensor data monitoring continues until 
the alert is inactivated, as described in more detail elsewhere 
herein. 

55 not been met, which are described in more detail elsewhere 
herein). 

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 another. Examples of such 

60 states include, for example, "active", "inactive" and 
"acknowledged". 

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 "acknowledged" or "inactive." The 

65 active state may be entered from an inactive and/or acknowl­
edged state by comparing data (sensor, glucose, insulin, user 
provided information, etc.) against different criteria, respec-
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tively 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. 

34 
(A) 1010, acknowledged (K) 1020, and inactive (I) 1030. 
These states and their transitions may be described as follows: 

Upon activation of an alert, the processor module transi­
tions (1055) from an inactive state (1030) to an active state 
(1010). Conditions for activation include various criteria or 
thresholds, hereinafter referred to as "activation criteria" or 
"activation conditions", useful for detecting actual or upcom­
ing hyperglycemia or hypoglycemia, such as described in 
more detail elsewhere herein (e.g., FIG. 6). Alert conditions 

The inactive state is herein defined as an alert state post­
alert trigger, where evaluation of data indicates the glycemic 5 

state is in a safe or target zone. The inactive state may be 
entered from an active and/or acknowledged state by com­
paring data (sensor, insulin, user provided information, etc.) 
against different criteria, respectively for each state transi­
tion. 10 are met as designated by reference numeral 1055. In addition 

to sensor data (glucose values, derivatives (rate of change) 
and double derivatives thereof (acceleration)), alert condi­
tions may relate to other data including insulin data and/or 
user input (meal information, exercise information, etc.). 

The acknowledged state is herein defined as an alert state 
post-alert trigger, where the user has acknowledged an alert 
and/or alarm and where no additional 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 example, which is described in more detail else­
where herein). The acknowledged state may be entered from 
the active state based on user interaction and/or data indica­
tive of 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 substantially the 
same. 

In some embodiments, a user may acknowledge 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 tran­
sition into active and/ or inactive based on selected conditions. 

In some embodiments, the acknowledged state evaluates 
data associated with the hosts' glycemic condition (including 
glucose, meal and/or insulin information) and may transition 
into the acknowledged state based on the evaluation indicat­
ing the host's recovery from the glycemic condition that 
triggered the alert. The host's recovery may be also consid­
ered as a sub-state of acknowledged and may be determined 
by comparing data (sensor, glucose, insulin, user provided 
information, etc.) against different criteria, respectively for 
each state transition. Re-alerts may be suspended for some 
time period, when in the acknowledged state and/or acknowl­
edged and recovering sub-state. 

In some embodiments, if the user does not acknowledge 
the alert, the alert remains in active state. In some embodi­
ments, if the user does not acknowledge the alert after X 
minutes (e.g., 5, 10, 15 minutes), the alert may be escalated 

15 Additionally, embodiments discussed herein with respect to 
reactivation may be applied here ( e.g., analysis of static risk 
and/or dynamic risk). However, regardless of the detection 
method for an active hypoglycemic or hyperglycemic condi­
tion, the disclosed active monitoring and state transitions may 

20 apply. 
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 

25 mg/dL); the average glucose level over a predetermined time 
period ( e.g., 10, 20, 30, 40 minutes) is more than a predeter­
mined threshold (e.g., 160,180,200,220 mg/dL); the current 
glucose level is more than a predetermined threshold plus a 
predetermined margin (e.g., 25, 50, 75 mg/dL); and/or the 

30 rate of change of glucose is greater than a predetermined 
threshold (e.g., -0.5 mg/dL). 

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 

35 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 predetermined 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 

40 (e.g., 10, 15, 20 minutes). 
In some embodiments, transitioning (1080) from the active 

state (1010) to an acknowledged state (1020) is based on data 
or acknowledgement criteria indicative of the host's glucose 
trending toward euglycemia, wherein the data may include 

45 sensor data indicative of a change in glucose trend and/or 
insulin information associated with a correction of the con­
dition. via output to a secondary display device, a remote monitor, 

emergency contact, etc. Similarly, if the conditions worsens 
during active monitoring (e.g., in acknowledged state), the 
alert may be escalated via output to a secondary display 50 

device, remote monitor, emergency contact, etc. 

For example, upon activation of an alert indicative of 
hyper- or hypoglycemia, sensor data indicative of a change in 
glucose trend may include evaluating sensor data whereby a 
direction and/or amplitude of glucose level, rate of change of 

An example showing the various transitions from one state glucose level or acceleration/deceleration of glucose level 
indicative of a trend back toward euglycemia ( e.g., change in 
direction or trend) is sufficient to automatically transition 
from active to acknowledged state (with or without user inter­
action 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 transition 
associated with a hyperglycemic condition, a state transition 
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 less than a predetermined threshold minus a delta 

to another is provided in the discussion of FIG. 11 below. It 
should be appreciated that using different states to describe 
that user or host's glycemic condition is useful in tracking the 55 

user's condition after an alert or alarm has been triggered. 
Thus, certain trends, such as a user's glycemic condition 
improving or just hovering 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 con- 60 

dition 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. 65 (e.g., 10, 15, 20 mg/dL), and in some examples with a con­

dition on rate of change trending toward euglycemia (e.g., 
decreasing faster than about 1 mg/dL/min). Similarly, after an 

Referring now to FIG.11, a state diagram 1000 is provided 
that shows the transitions between the following states: active 
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active transition associated with a hypoglycemic condition, a 
state transition 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 predetermined 
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). 

In some embodiments, transitioning (1075) from the active 
state (1010) to an acknowledged state (1020) is based on 
acknowledgement criteria indicative of a user acknowledge­
ment of the alert on a user interface, user input insulin infor­
mation 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 glu­
cose sensor is operably connected to an insulin delivery 
device (including a remote programmer associated there­
with), 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. Similarly, 
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 parents' smart phone, or the like). 

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 inac­
tive transition criteria ( e.g., that may be different from the one 

36 
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 condi­
tions for the real-time alert (first function) and predictive alert 

5 (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, 

10 the rise rate condition may be combined with a glucose value 
threshold condition. In some embodiments, the glucose value 
rise rate condition is 0.25, 0.5, or 1 mg/dL/min. 

In some embodiments, in cases where a hypoglycemic 

15 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 period based on inactivation cri­
teria or data indicative of hypoglycemic conditions signifi-

20 cantly improving for example, a determination that the host's 
glucose level is greater than the low threshold plus a delta and 
the predicted 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 

25 activation). 
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 hyperglycemic condition being 

30 met and based on an expiration of a predetermined time 
period. Activation criteria for transitioning from acknowl­
edged to active may be any of the same conditions for initially 
alerting or may be different ( e.g., based on glucose trending 
away from euglycemia). In addition to sensor data, other data or more active transition criteria associated with the a 

hypoglycemic condition or hyperglycemic condition ( e.g., 
associated with the initial alert).Additionally or alternatively, 
transitioning (1080) from the acknowledged state to the inac­
tive state may be based on insulin data and/or meal informa­
tion. In some embodiments, transitioning (1090) includes a 
time element, for example, after the expiration of an acknowl- 40 

edgement (active monitoring) time period, which may be 
fixed and/or user settable. 

35 including insulin data and/or user input may be considered for 
the state transition criteria. Additionally embodiments dis­
cussed herein with respect to reactivation may be applied 
here. 

In some embodiments, reactivation criteria for transition­
ing (1065) from acknowledged state (1020) to active state 
(1010) may be different than criteria for initially transitioning 
to active state. For example, even when the user has acknowl­
edged the alert ( during the active monitoring and/or acknowl­
edged time period), a worsening condition may indicate a 

Inactivation criteria for transitioning from acknowledged 

45 need for a re-alert based on sensor data indicative of worsen-
to inactive may be similar to or the same as conditions for 
inactive to active (except that acknowledged state would be 
entered when the one or more first or second criteria ( e.g., see 
FIG. 6) were not met and/or for transitioning from active to 
inactive. In some embodiments, certain of the following inac­
tivation criteria or conditions may apply for a state transition 
from acknowledged to inactive based on a hyperglycemic 50 

condition: the average glucose level over a predetermined 
time period ( e.g., 10, 20, 30, 40 minutes) is less than a pre­
determined threshold ( e.g., 160, 180, 200, 220 mg/dL ); minus 

ing glycemic conditions, such as the second function meeting 
one or more criteria and/or the sensor data indicative of glu­
cose further trending away from euglycemia based one or 
more criteria indicative of worsening. 

a predetermined delta (e.g., 10, 15, 20 mg/dL); the acknowl­
edge time period has expired and the glucose level is less than 55 

a predetermined threshold (e.g., 160, 180, 200, 220 mg/dL); 
and/or the rate of change of glucose is dropping at a prede­
termined rate. 

In some embodiments, the following reactivation criteria 
or conditions may apply for a state transition from acknowl­
edged 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 threshold and rate of change is 
less than is a predetermined rate (e.g., 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). However, in some embodiments, Alternatively, the inactivation criteria for transitioning 

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 considered for the state 
transition criteria. In some embodiments, the following inac­
tivation 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, 

60 reactivation criteria indicative of a worsening hypoglycemic 
condition 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 crite­
ria (e.g., different from criteria for initial alert), some of 

65 which are described in more detail elsewhere herein. In some 
embodiments, an alert activated by the first function (at 520) 
may trigger a re-alert or re-activation during the acknowl-
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edgement time period (transition to active prior to expiration 
of time period) if the second function meets the second cri­
teria (at 530). 

In some embodiments, the activation criteria associated 
with a hyperglycemic condition to transition from acknowl­
edged 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 pre­
determined 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 predeter­
mined threshold plus a predetermined 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). 

In some embodiments, transitioning (1065) from the 
acknowledged state (1020) to the active state (1010), also 
referred to as reactivation, occurs after determining data is 
indicative of the host's glucose trending toward euglycemia, 
also referred to as the recovering sub-state, and the subse­
quently trending away from euglycemia during the active 
monitoring time period (based on one or more criteria). In 
other words, a rebound situation may occur, after an active 
alert, when a user's glycemic condition initially trends 
towards euglycemia (recovering), but subsequently trends 
back towards the hyper- or hypoglycemic condition. Accord­
ingly, reactivating the first alert state during the acknowledge­
ment time period may be by the data associated with the 
host's hypoglycemic or hyperglycemic condition meeting 
one or more rebound ( e.g., reactivation) criteria indicative of 

38 
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). 

In some embodiments, certain of the following inactivation 
5 criteria or conditions may apply for a state transition from 

active to inactive based on a hypoglycemic condition: the 
average glucose level over a predetermined time period ( e.g., 
10, 15, 30, 45 minutes) is greater than a predetermined thresh­
old (e.g., 60, 70, 80 mg/dL) plus a predetermined delta (e.g., 

10 10, 15, 20 mg/dL); the glucose level over a predetermined 
time period (e.g., 10, 15, 30, 45 minutes) goes above a pre­
determined threshold (e.g., 60, 70, 80 mg/dL) plus a prede­
termined delta (e.g., 10, 15, 20 mg/dL); the average glucose 
level over a predetermined time period is more than a prede-

15 termined threshold; and/or the rate of change of glucose is 
increase (positive) at greater than a predetermined rate ( e.g., 
1 mg/dL/min). 

For example, in some embodiments, the criteria to get out 
of the acknowledged state, where the acknowledgement is 

20 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 acknowledgement is based on user action 
detected ( e.g., recovery detected by monitoring of data). This 

25 acknowledgement based on user action detected is described 
in more detail below in the acknowledgement sub-state 
recovery discussion. For example, to go from the acknowl­
edged state, where the acknowledgement is based on data 
user acknowledgement, to the inactive state, certain first cri-

30 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 oscil­
lating around the threshold). In contrast, to go from the 
acknowledged state, where the acknowledgement is based on 

a rebound situation. In general, criteria for transitioning from 
recovering to active may be any of the same conditions for 
initially alerting or may be different ( e.g., a reversing trend of 
glucose value, rate of change or acceleration). In some 
embodiments, the one or more rebound criteria include con­
ditions indicative of the host's glucose trending toward eug­
lycemia (e.g., recovering sub-state) and subsequent condi­
tions indicative of the host's glucose trending away from 
euglycemia during the active monitoring time period. In addi- 40 

tion 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. 

35 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 con­
firming the user's detected successfully recovered into eug-
lycemia. 

As mentioned above, the conditions or criteria for reacti-
vation may be more stringent than for the initial activation. 
Similarly, the reactivation criteria to get out of the acknowl­
edged state, where the acknowledgement is based on user 
acknowledgement ( e.g., pressing a button), to the active state 

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 FIG. 6) were not met). Alternatively, the inactivation 
criteria for transitioning from active to inactive may be dif­
ferent ( e.g., different thresholds). In addition to sensor data, 
other data including insulin 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 condi­
tions no longer being met, e.g., EGV and delta EGV as 
described in more detail elsewhere herein. 

In some embodiments, certain of the following inactivation 
criteria or conditions may apply for a state transition from 
active to inactive based on a hyperglycemic condition: the 
average glucose level over a predetermined time period ( e.g., 
10, 15, 30, 45 minutes) is less than a predetermined threshold 
(e.g., 160,180,200, 220mg/dL)minus a predetermined delta 
(e.g., 10, 15, 20 mg/dL); the glucose level over a predeter­
mined time period (e.g., 10, 15, 30, 45 minutes) goes below a 
predetermined threshold (e.g., 160, 180, 200, 220 mg/dL) 
minus a predetermined delta (e.g., 10, 15, 20 mg/dL); the 
average glucose level over a predetermined time period is less 

45 may be different from the reactivation 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 acknowl-

50 edgement) 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 transition 
from acknowledged (based on user action detected, recovery 
sub-state) to active, may include recognizing a reversing 

55 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 (!lg), rate of glucose 

60 change (llg/t), rate of acceleration, or combinations thereof. 
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 mod­
ule 214 may include instructions or criteria on how to process 

65 an appropriate response for a status change. In some embodi­
ments, such responses may be stored in e.g., a lookup table, or 
the like. In some embodiments, the output associated with a 

Abbott Ex. 1001 - 40/49



US 9,119,528 B2 
39 

transition to the active state is different from the output asso­
ciated 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. 

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 indicates that a user has 
stabilized his glucose value and come down sufficiently from 
a hyperglycemic event (e.g., active to inactive state transi­
tion), a particular type of alert indicating a positive status 
change or kudos may be provided. The kudos may have a 
particular sound, e.g., particular 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. 

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 

40 
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, 

5 180, 200, 220 mg/dL); the average glucose level over a pre­
determined 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 predeter­
mined threshold plus a predetermined margin ( e.g., 25, 50, 75 

10 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). 

FIG. 9 is a flowchart 800 illustrating an example process 
15 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 embodiment of the disclosure. In some 
embodiments, reactivation 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 FIG. 6, in order to avoid unnec­
essary "flickering" re-alerts. 

At block 810, processor module 214 may be configured to 

a particular sound and may, in some instances, be customiz­
able by the user. In some embodiments, the severity of the 20 

warning may be reflected 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. 25 determine if one or more sensor data points is within a pre­

determined or predefined zone during a predetermined time 
period post-alert trigger, in one example embodiment. Such 
predetermined or predefined zone may include a region above 
and/or below the threshold that triggered the initial alert pro-

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. 

At block 740, processor module 214 is optionally config­
ured 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 embodi­
ments, wherein the output associated with a transition to the 
active state is different from the output associated with a 
transition from the acknowledged state to the inactive state 
and/or active (reactivation) 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 FIG. 9. 

Some use cases arise, wherein immediate notification of an 
alert may not be advantageous. For example, post-prandial 
glycemic excursions are normal for people with diabetes, 
even with insulin injections, or people without diabetes. In 
some circumstances, alerting a user about glycemic excur­
sions of which they are already aware may lead to frustration 
and desensitization of the alarms. It may be preferable to wait 
and determine whether the host's glycemic excursion follows 

30 vided to the user. For example, referring back to FIG. 7, TV 21 

and TV 22 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 

35 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. 

In some embodiments, a data point in a predefined zone is 
indicative of no status change. In such embodiments, no fur­
ther action is performed. In embodiments utilizing state tran-

40 sitions, assuming the user has acknowledged the alert/alarm 
(or based on data analysis), the acknowledged alert state 
remains and no transitions 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 

45 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 second 
(more stringent that first) one or more criteria, or transitions to 

50 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. 

a normal course of recovery before alerting them. Accord­
ingly, in some embodiments, the processor module may be 
configured to provide output associated with a first alert state 55 

after waiting a predetermined time period, wherein the output 
At block 820, processor module 214 also may be optionally 

configured to determine if a user has acknowledged an alert, 
as described in more detail elsewhere 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 independent of the sensor during the predetermined 

is based on the data associated with the host's hyperglycemic 
condition meeting one or more second criteria after the pre­
determined waiting time period. Thus, it would follow that 
the processor module 214 may be configured to not provide 60 

output associated with the first alert state after the waiting 
time period based on the data associated 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 65 

otherwise providing output to a user. In these embodiments, 
the one or more first criteria and the one or more second 

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 
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be able to determine was a user action, such as a change in 
glucose level, direction, rate of change, or acceleration/decel­
eration. 

42 
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. 

In some embodiments, following the first or initial alert to 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 con­
dition" refers to a condition that would cause an alert or alarm 

5 the user, the user may suspend additional alerts by acknowl­
edging the initial alert. For example, when a user or host 
acknowledges the initial alert, additional alerts are suspended 
for a time period, except for re-alert conditions. In other 
words, following a threshold or predictive alert, the user 

to be provided to the user after the initial alert, during the 
"acknowledged time period" when a user isn't expected to 
receive additional unnecessary alerts ( e.g., a state transition 
from the acknowledged 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 15 
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 FIG. 11. 

10 would not hear another threshold or predictive alert immedi­
ately 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. 

In some embodiments, a post-alert set of instructions 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 threshold, upward slope greater 

Additionally, because the reactivation may have been 
unexpected or responsive to an attempt to suppress, the output 
associated with the reactivation may be more noticeable or 
different from other alarms, for example, by displaying 
explanatory information or questions of actions taken and/or 

20 than 1 mg/dL/min, etc.). In such embodiments, this can help 
prevent an annoying situation of stable glucose oscillating 
around 80 mg/dL and setting off threshold alert over and over, 
as described above. 

by escalating the alarms as may be appreciated by one skilled 25 

in the art. 
FIG. 10 is a flowchart 900 illustrating an example process 

for determining if a reactivation condition is met in accor­
dance with an example embodiment of the disclosure. At 
block 910, processor module 214 may be configured to deter- 30 

mine if one or more sensor data points is outside a predeter­
mined or predefined zone. For example, as shown in FIG. 7, 
there may be regions or zones that data points seem to oscil­
late around after an alert has been provided to a user. Once a 

35 
data point is determined to fall outside this predefined zone, it 
may be indicative of a user's glucose level moving toward an 
undesirable value or in an undesirable trend (e.g., trending 
away from euglycemia). 

At block 920, processor module 214 may be configured to 40 

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 45 

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. 

As may be appreciated, having a reactivation condition 
may also be thought of as intelligent acknowledged condi- 50 

tions, 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 intel­
ligence and safety than a simple time-based snooze. In some 55 

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. 

In some embodiments, reactivation is intended to re-alert 60 

users when they have taken an action that is inadequate and 
returned to a dangerous zone. For example, after a low thresh-
old alert the user may eat something 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 65 

should be distinguishable from oscillating/annoying alarms. 
This may be achieved by e.g., setting criteria of glucose rising 

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 hypoglyce­
mic may also be considered a health risk. 

EXAMPLES 

A number of examples are provided below. When referring 
to a "low" threshold, it should be understood 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 generally to a high glucose value that may be 
indicative of a hyperglycemic event. As used herein, the glu­
cose values may be estimated glucose values (EGVs) or any 
known type of glucose indicator or sensor data. 

It should be appreciated that the following examples may 
be implemented according to the flow charts described above. 
The examples relate to specific implementations and are pro­
vided for a more in-depth understanding ofhow 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 

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 pre­
dicted glucose value will cross a second threshold (55 mg/dL) 
within 15 minutes (PH). The processor module may be con­
figured to actively monitor data (710) associated with glyce­
mic condition after a hypoglycemic indicator has been trig­
gered based on the first or second function to determine 
whether a state change transition should occur. In this 
example, the following three inactivation conditions exist (to 
transition 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 hypoglycemic 
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indicator; 2) the rate of change of glucose is increasing at a 
rate greater than a predetermined value (1 mg/dL/min); and3) 
the acknowledged time period is over (30 minutes). 

Scenario A-Glucose Level is More than a Low Tbreshold 
In this scenario, a hypoglycemic indicator is triggered 

based on the first function (host's glucose goes below 80 
mg/dL), and the user is alerted via a user interface (visually 
and audibly). The user acknowledges the alert by pressing a 
button and the state transitions to the acknowledged state. In 

44 
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 min­
utes. Notably, no alert will be triggered when 80 mg/dL is 

5 reached (acknowledged state maintained), the state will tran­
sition back to active after 30 min if the threshold condition is 
met. 

Example 2 
the acknowledged state, the processor module actively moni- 10 

tors the host's glycemic condition as the glucose value goes 
down to 65 mg/ dL, then starts coming back up and reaches 7 5 
mg/dL, but then starts falling again. In this example, the 
acknowledged state will remain for 30 minutes during which 

Actionable Alerts Associated with Hyperglycemic 
Conditions 

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 

the user will not receive any additional alerts, during active 15 

monitoring the processor module determined the user's glu­
cose to be recovering ( coming back up and reaching 7 5 
mg/dL ), which triggered the recovering sub-state ofacknowl­
edged. The user will not be alerted until his/her glucose 
reaches a reactivation or inactivation condition. In the 20 ingestion. In some embodiments, whether or not the wait time 

is enabled, armoying repeated alerts when the glucose value acknowledged state, recovering sub-state, criteria for re-alert 
may include any condition indicative of a glucose "rebound." 
Advantageously, the recovering sub-state takes advantage of 

oscillates around the threshold may be minimized or elimi­
nated, while ensuring that if the glucose value crosses the 
threshold twice due to reasons that are likely not related, then 

25 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 insuf­
ficient amount of insulin, which causes the glucose value to 

the fact that some user interaction was detected, thus it can be 
assumed that the user has attempted to treat him/herself and 
should be re-alerted only if the user's action was not sufficient 
and a rebound ( e.g., predetermined reversal of trend or wors­
ening of glucose) is detected. In this scenario, the state tran­
sitioned back to active when the glucose started falling again 
(i.e., based on reactivation conditions), and the user was re- 30 

alerted. 

go down a little bit, but comes back up once more. 
FIG. 12 is an example graph showing average EGV is high 

over last T minutes. 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 

Scenario B-Glucose Level Oscillating Around the 
Threshold 

In this scenario, a hypoglycemic indicator is triggered 
based on the first function (host's glucose goes below 80 
mg/dL), and the user is alerted via a user interface (visually 
and audibly), but this time the host's glucose stays in the 
range 70-90 mg/dL going above and below 80 mg/dL several 
times. Once the user acknowledges the alert, the acknowl­
edged 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, caus­
ing re-alerts as the user oscillates above and below 80 mg/dL. 
Advantageously, this avoids armoying 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 acknowledged by the 
user). However, it is important to note that the alert is not a 
conventional "threshold" alert. Instead, it is an "early warn­
ing" alert and as a result warning the user of the condition is 
reasonable. After the acknowledged time is expired, the state 
will transition to either or active or inactive depending on 
whether the alert conditions are still met. The state will tran­
sition 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 acknowl­
edged time is 30 minutes and after 30 minutes, the EGV is 7 5 
mg/dL, the user will get an alert). The state will transition to 
inactive 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 by Crossing the Thresh­
old 

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 

35 the glucose level exceeding a first predetermined hypergly­
cemic 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-

40 utes 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 average glucose over the predetermined wait time period, 
after which the glucose level was determined to be greater 

45 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 

50 glucose level over the wait time exceeding a threshold). 
FIG. 13 is example graph showing average glucose is high, 

but falling rapidly, thus no alert is provided to the user or host 
because, although the average glucose level is high, the glu­
cose level is falling rapidly. Notably, the user's glucose level 

55 crossed the predetermined hyperglycemic threshold at the 
beginning of T minutes, and the processor module transi­
tioned to the active state 700 based on the (first) active tran­
sition criteria of the glucose level exceeding a first predeter­
mined hyperglycemic threshold level of 180 mg/dL, thereby 

60 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 

65 glycemic condition using one or more hyperglycemic (sec­
ond) criteria based on the rate of change of the glucose level, 
which was determined to be dropping a rate greater than the 
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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 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 determined a state transition to inactive at 
1300. 

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 average over a 
predetermined period of time, e.g., 60 minutes. As applied to 
the example shown in FIG. 13, the processor module may 
actively monitor the host's glycemic condition continuously 
using one or more hyperglycemic criteria based on the aver-

5 predetermined hyperglycemic threshold soon after the user 
acknowledged the alert, however not sufficiently low to inac­
tive the alert (because the inactivation conditions included 
threshold plus delta criteria). Accordingly, the processor 
module continued to actively monitor the host's glycemic 

10 condition based on average glucose, which determined the 
average glucose level at something above the predetermined 
threshold at the end of 60 minutes. In this case, the useror host 
is re-alerted or provided a subsequent alert because the aver-

age 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 drop­
ping 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. 

15 age EGV is still high after the acknowledgment time period 
1620. 

The scenarios above assume that "enable wait before alert" 
is turned on, however, any of those scenarios would have 
functioned similarly if the wait time was not enabled, but the 

20 acknowledged time period was selected 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 

FIG. 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 predetermined threshold. Nota­
bly, the user's glucose level crossed the predetermined hyper­
glycemic threshold at the beginning of T minutes, and the 25 

processor module transitioned to the active state 700 based on 
the (first) active transition criteria of the glucose level exceed-
ing 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 30 

user was not alerted because the user had enabled a predeter­
mined wait time period (T) of 60 minutes before high alert. 
During the 60 minutes, the processor module actively moni­
tored the host's glycemic condition using one or more hyper­
glycemic (second) criteria based on the glucose level and the 35 

rate of change of the glucose level, which at the end of the 
waiting period, was determined to still exceed the predeter­
mined 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 40 

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. 

FIG. 15 is an example graph showing a host's glucose level 
that goes beyond the threshold plus a margin even before the 45 

wait time expires. 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 hypergly- 50 

cemic 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 processor 55 

module actively monitored the host's glycemic condition 
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. 60 

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. 

FIG. 16 is an example graph showing after user acknowl­
edgement of an alert in a scenario similar to FIG. 14, because 65 

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 

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). 

This example further describes how the processor module 
actively monitors the host's glycemic condition 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 hyperglycemic alert output, the user 
acknowledges the alert, thus it may be assumed that the user 
is either watching or taking some action. The processor mod­
ule transitions to acknowledged state. The processor module 
then actively 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); average glucose 
level since activation of the alert is less than the predeter­
mined 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 confirmed; or predetermined insulin delivery 
information is received or confirmed, then the processor mod-
ule would transition to inactive based on those inactivation 
criteria. 

The disclosure presents the best mode contemplated for 
carrying out the present systems and methods for processing 
analyte sensor data, and of the manner and process of prac­
ticing them, in such full, clear, concise, 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 meth-
ods are, however, susceptible to modifications and alternate 
constructions from those discussed above that are fully 
equivalent. 

For example, it should further be appreciated that the 
implementation and/or execution of all methods and pro­
cesses may be performed by any suitable devices or systems, 
whether local or remote. Further, any combination of devices 
or systems may be used to implement the present methods and 
processes. Additionally, in some embodiments, the methods 
and processes described herein may reside in a non-transitory 
computer-readable storage medium including code which 
when executed by at least one processor causes operations of 
the present disclosure to be realized. 
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Furthermore, although the foregoing has been described in 
some detail by way of illustrations and examples for purposes 

48 
10. The method of claim 1, wherein the second function 

comprises a Kalman Filter to determine the predicted glucose 
value using as an input an estimate of the rate of change of the 
blood glucose. 

11. The method of claim 1, wherein the one or more user 
settable first criteria comprises a first threshold that is config­
ured to be user settable. 

of clarity and understanding, it is apparent to those skilled in 
the art that certain changes and modifications may be prac­
ticed. The functions, steps and/or actions of the method 5 

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 12. The method of claim 11, wherein the one or more non 

user settable second criteria comprises a second threshold 
10 that is not user settable. 

be described or claimed in the singular, the plural is contem­
plated unless limitation to the singular is explicitly stated. 
Therefore, the description and examples should not be con­
strued as limiting the scope of the disclosure to the specific 
embodiments and examples described herein, but rather to 
also cover all modification and alternatives coming with the 
true scope and spirit of the disclosure. 

What is claimed is: 
1. A method of activating a hypoglycemic indicator based 

13. The method of claim 1, wherein the one or more non 
user settable second criteria comprises a prediction horizon. 

14. The method of claim 1, wherein the one or more non 
user settable second criteria comprises a second threshold 

15 that is adaptively set by a processor module based on the one 
or more user settable first criteria. 

on continuous glucose sensor data, the method comprising: 
evaluating sensor data using a first function to determine 

whether a real time glucose value meets one or more user 20 

settable first criteria; 

15. The method of claim 1, wherein the one or more non 
user settable second criteria comprises a prediction horizon 
that is adaptively set by a processor module based on the first 
user settable criteria. 

16. The method of claim 1, wherein the hypoglycemic 
indicator comprises a flag that has a particular set of instruc­
tions associated with it depending on whether the hypogly­
cemic indicator was activated based on the first function 

evaluating sensor data using a second function to deter­
mine whether a predicted glucose value meets one or 
more non user settable second criteria; 

activating a hypoglycemic indicator if either the one or 25 

more user settable first criteria or the one or more non 
meeting the one or more user settable first criteria or whether 
the hypoglycemic indicator was activated based on the sec­
ond function meeting the one or more non user settable sec­
ond criteria. 

user settable second criteria are met; and 
providing an output based on the activated hypoglycemic 

indicator. 
2. The method of claim 1, wherein the evaluating sensor 

data using a first function to determine whether a real time 
glucose value meets one or more user settable first criteria 
comprises determining whether the real-time glucose value 
passes a glucose threshold. 

3. The method of claim 2, wherein the evaluating sensor 
data using a first function to determine whether a real time 
glucose value meets one or more user settable first criteria 
further comprises determining whether an amplitude of rate 
of change or direction of rate of change meets a rate of change 
criterion. 

4. The method of claim 1, wherein the evaluating sensor 
data using a first function to determine whether the real time 
glucose value meets one or more user settable first criteria 
comprises evaluating a static risk of a substantially real time 
glucose value. 

5. The method of claim 1, wherein the evaluating sensor 
data using a second function to determine whether the pre­
dicted glucose value meets one or more second criteria com­
prises evaluating a dynamic risk of the predicted glucose 
value. 

6. The method of claim 1, 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. 

17. The method of claim 1, wherein the output comprises at 
30 least one of an audible, tactile or visual output, and wherein 

the output is differentiated and/or provides information selec­
tively based on whether the hypoglycemic indicator was acti­
vated based on the first function meeting the one or more user 
settable first criteria or whether the hypoglycemic indicator 

35 was activated based on the second function meeting the one or 
more non user settable second criteria. 

18. The method of claim 1, wherein providing an output 
comprises transmitting a message to an insulin delivery 
device including instructions associated with at least one of: 

40 a) suspending insulin delivery, b) initiating a hypoglycemia 
and/or hyperglycemia minimizer algorithm, c) controlling 
insulin delivery or d) information associated with the 
hypoglycemia indicator. 

19. The method of claim 1, wherein the one or more non 
45 user settable second criteria are progranmied at the factory in 

such a way that no user is able to modify the second criteria. 
20. The method of claim 1, wherein the user is a host or a 

healthcare provider. 
21. The method of claim 1, wherein the second function 

50 provides 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 method of claim 1, wherein the second function 55 

utilizes a first order autoregressive model to determine the 
predicted glucose value. 

22. The method of claim 1, wherein evaluating the sensor 
data using the first function and the second function provides 
increased warning time of hypoglycemic alerts without sub­
stantially increasing the number of alerts as compared to 
evaluating the sensor data using the first function without 
evaluating the sensor data using the second function. 

8. The method of claim 7, wherein the first order autore­
gressive model comprises a parameter alpha, and wherein 
alpha is estimated recursively each time a sensor data points 60 

is received. 
9. The method of claim 1, wherein evaluating the sensor 

data using the first function and the second function allows for 
increased warning time of hypoglycemic alerts without sub­
stantially increasing the number of alerts as compared to 65 

evaluating the sensor data using the first function without 
evaluating the sensor data using the second function. 

23. A method of activating a hypoglycemic indicator based 
on continuous glucose sensor data, the method comprising: 

evaluating sensor data using a first function to determine 
whether a real time glucose value meets one or more user 
settable first criteria; 

evaluating sensor data using a second function to deter­
mine whether a predicted glucose value meets one or 
more non user settable second criteria, wherein the sec-
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ond function utilizes a first order autoregressive model 
to determine the predicted glucose value, wherein 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 comparing the 
use of the first function and the second function together 
as compared to the first function alone; 

50 
evaluating the sensor data using the first function without 
evaluating the sensor data using the second function. 

33. The system of claim 24, wherein the second function 
comprises a Kalman Filter to determine the predicted glucose 

5 value using as an input an estimate of the rate of change of the 
blood glucose. 

activating a hypoglycemic indicator if either the one or 
more user settable first criteria or the one or more non 10 

34. The system of claim 24, wherein the one or more user 
settable first criteria comprises a first threshold that is config­
ured to be user settable. 

35. The system of claim 34, wherein the one or more non 
user settable second criteria comprises a second threshold 
that is not user settable. 

user settable second criteria are met; and 
providing an output based on the activated hypoglycemic 

indicator. 
24. A system for processing data, 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 includ­
ing a processor configured to: 
evaluate sensor data using a first function to determine 

whether a real time glucose value meets one or more 
user settable first criteria; 

36. The system of claim 24, wherein the one or more non 
user settable second criteria comprises a prediction horizon 

15 that is not user settable. 

20 

37. The system of claim 24, wherein the one or non user 
settable second criteria comprises a second threshold that is 
adaptively set by a processor module based on the one or more 
user settable first criteria. 

38. The system of claim 24, wherein the one or more non 
user settable second criteria comprises a prediction horizon 
that is adaptively set by the processor module based on the 
one or more user settable first criteria. 

evaluate sensor data using a second function to deter­
mine whether a predicted glucose value meets one or 25 

more non-user settable second criteria; 

39. The system of claim 24, wherein the hypoglycemic 
indicator comprises a flag that has a particular set of instruc­
tions associated with it depending on whether the hypogly­
cemic indicator was activated based on the first function 
meeting the one or more user settable first criteria or whether 
the hypoglycemic indicator was activated based on the sec-

activate a hypoglycemic indicator if either the one or 
more user settable first criteria or the one or more non 
user settable second criteria are met; and 

provide an output based on the activated hypoglycemic 
indicator. 

25. The system of claim 24, wherein the evaluating sensor 
data using a first function to determine whether a real time 
glucose value meets one or more user settable first criteria 
comprises determining whether the real-time glucose value 
passes a glucose threshold. 

30 ond function meeting the one or more non user settable sec­
ond criteria. 

40. The system of claim 24, wherein the output comprises 
at least one of an audible, tactile or visual output, and wherein 
the output is differentiated and/or provides information selec-

35 tively based on whether the hypoglycemic indicator was acti­
vated based on the first function meeting the one or more user 
settable first criteria or whether the hypoglycemic indicator 
was activated based on the second function meeting the one or 
more non user settable second criteria. 

26. The system of claim 25, wherein the evaluating sensor 
data using a first function to determine whether a real time 
glucose value meets one or more user settable first criteria 
further comprises determining whether an amplitude of rate 40 

of change or direction of rate of change meets a rate of change 
41. The system of claim 24, wherein providing output 

comprises transmitting a message to an insulin delivery 
device including instructions associated with at least one of: 
a) suspending insulin delivery, b) initiating a hypoglycemia 
and/or hyperglycemia minimizer algorithm, c) controlling 

criterion. 
27. The system of claim 24, wherein the evaluating sensor 

data using a first function to determine whether the real time 
glucose value meets one or more user settable first criteria 
comprises evaluating a static risk of a substantially real time 
glucose value. 

28. The system of claim 24, wherein the evaluating sensor 
data using a second function to determine whether the pre­
dicted glucose value meets one or more non user settable 
second criteria comprises evaluating a dynamic risk of the 
predicted glucose value. 

29. The system of claim 24, 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. 

30. The system of claim 24, wherein the second function 
utilizes a first order autoregressive model to determine the 
predicted glucose value. 

31. The system of claim 30, 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. 

45 insulin delivery or d) information associated with the 
hypoglycemia indicator. 

42. The system of claim 24, wherein the one or more non 
user settable second criteria are progranmied at the factory in 
such a way that no user is able to modify the non user settable 

50 second criteria. 
43. The system of claim 24, wherein the user is a host or a 

healthcare provider. 
44. The system of 24, wherein the second function provides 

no more than one additional alarm per week based on a 
55 retrospective analysis comparing the use of the first function 

and the second function together as compared to the first 
function alone. 

45. The system of claim 24, wherein the evaluation of the 
sensor data using the first function and the second function 

60 provides increased warning time of hypoglycemic alerts 
without substantially increasing the number of alerts as com­
pared to evaluation of the sensor data using the first function 
without evaluation of the sensor data using the second func­
tion. 32. The system of claim 24, wherein evaluating the sensor 

data using the first function and the second function allows for 65 

increased warning time of hypoglycemic alerts without sub­
stantially increasing the number of alerts as compared to 

46. A system for processing data, the system comprising: 
a continuous analyte sensor configured to be implanted 

within a body; and 
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sensor electronics configured to receive and process sensor 
data output by the sensor, the sensor electronics includ­
ing a processor configured to: 
evaluate sensor data using a first function to determine 

whether a real time glucose value meets one or more 5 

user settable first criteria; 
evaluate sensor data using a second function to deter­

mine whether a predicted glucose value meets one or 
more non-user settable second criteria, wherein the 
second function utilizes a first order autoregressive 10 

model to determine the predicted glucose value, 
wherein the first order autoregressive model com­
prises a forgetting factor, a prediction horizon and a 
prediction threshold tuned to provide no more than 
one additional alarm per week based on a retrospec- 15 

tive analysis comparing the use of the first function 
and the second function together as compared to the 
first function alone; 

activate a hypoglycemic indicator if either the one or 
more user settable first criteria or the one or more non 20 

user settable second criteria are met; and 
provide an output based on the activated hypoglycemic 

indicator. 

* * * * * 
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