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(57) ABSTRACT 

Embodiments of the present invention provide a neW system 
and methods for monitoring blood glucose concentration. A 
user of a continuous glucose monitor may program upper and 
loWer blood glucose noti?cation thresholds to ?uctuate over 
time in order to facilitate management of the short-term 
effects of food consumption, insulin delivery aberrations, 
physical activity, emotions, and unforeseen circumstances. 
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I 015. Prompt user to program TP based on user prediction of BGC evolution. 
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050. Prompt user to program notifications contingent upon relationship of BGC 
to TP and optionally notifications not contingent upon relationship of BGC to TP. 
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Figure 4A 
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Figure 5A 
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Figure 8A 
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Figure 11A 

250.0 

A '1'- ~\ BGC before TP 

%' 2000 - \ activation 
5 / " ,- ‘A. 
E ', X ‘\“t. \ 
I,’ 150.0 \\‘. '\ - - - - - - - expected BGC 

8 /.’ \ 's........... when TP is 
g _/ \. . activated 
_ 100.0 \ 

g‘ ‘\ ._ _ ._ ._ ._ _. - - - - - TP upper threshold 

8 50.0 
E 

0.0 — - — - — TP lower threshold 

OOOOOOOOOOOOOOOO 
ooooooomooooooooooooom 
(\lNédthéFél-I??irbrb??ddddUaéi 

time of day 

Figure 115 

250.0 

'3 ‘T. \. 
2 200.0 ,' . \ 
m I/ ' ,_ \X . BGC before TP 

g 150 O ' \\ ‘.\_ activation 
w - I \ '. \ 

8 // -\'. \______ —-—--TPupper 
g ./ \, “g _ _ . threshold 

_100.0 \ g’ \.______ -----TPlower 

g 50_@ threshold 
—Q - - - - - - - 560 after TP 

()0 activation 
OOOOOOOOOOOOOOOO 
ocoocooooomomomomom 

§§§233§§§3CC§§§9 
time of day 



Patent Application Publication Jun. 3, 2010 Sheet 12 0f 13 US 2010/0137699 A1 

Figure 12A 

3 200 BGC before TP 
1; , - \ activation 

5 150 f , __ ‘ 

a -’ ‘~.‘\~———————— - - - - - --expected BGC 

8 100 , -"","\\""- whenTPis 
3 -/ ‘-~———————— activated 

°‘ 50 
3 - - - - - TP upper threshold 

2 
.Q 0 

sssssssasasssssssssssa 
- ' - ' ' TP lower threshold 

time of day 

Figure 125 

j 200 

L? I X 
E’ 150 X ‘_ BGC before TP 
I ,, ~'_\___________ acthation 

8 100 / "'/,"‘\\ - -----TP upper 
3 —’ “~———————— threshold 
57 

8 50 - - - - - TP lower threshold 

2 
-<= 0 

000000 0000000 000000000 ' ' ' ' ' ' ' BG_C after TP 

@999‘??? QQQQQQQQQQQQQQQ? actuation 

time of day 



Patent Application Publication Jun. 3, 2010 Sheet 13 0f 13 US 2010/0137699 A1 

Figure 13 I 010. Display BGC history of last few hours. 

1 
I 015. Prompt user to program TP based on user prediction of BGC evolution. 

no 
035. Is current BGC within target range?I <— 020. Is user programming TP? 

I yes 
yes I 030. Guide user through programming a TP of finite duration with I 

the upper and lower thresholds initially bracketing current BGC. 
no 

040. Program TP to default with static upper and 
lower thresholds equaling bounds of target range. 

045. Alert user that device awaits programming for 
situation in which BGC is outside of target range. 

to TP and optionally notifications not contingent upon relationship of BGC to TP. 

1 
I 055. Is user programming noti?cations? I 

050. Prompt user to program notifications contingent upon relationship of BGC I 

I yes 

I 060. Guide user through programming notifications.I 

l 
I 065. Did user program a noti?cation for BGC crossing a threshold?I 

no I yes 

080. Activate TP with user confirmation. I 075. Set default notification for 
BGC crossing a threshold. I 

I 090. Obtain current BGC data and display BGC history of last few hours. I 

yes 110. Notify user that BGC has crossed 
100. Has BGC crossed a threshold? — a threshold and terminate TP_ 

Ino 
yes 130. Notify user as per other TP 

contingent notification. 
120. Should any other notifications contingent 
upon relationship of BGC to TP be made? 

Inc / 
140. Should any notifications not 150_ Notify user as per Tp.non. 
contingent upon relatimlship of contingent notification. 
BGC to TP be made? 

no N 1 160. Has user terminated TP? 

180. Has TP terminated by reaching its programmed 
duration or for any other reason? 

yes I 190. Notify user that TP has terminated. I 



US 2010/0137699 A1 

FLUCTUATING BLOOD GLUCOSE 
NOTIFICATION THRESHOLD PROFILES 

AND METHODS OF USE 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is a continuation application of 
US. patent application Ser. No. 10/589,211 ?led Aug. 11, 
2006; Which is a US. National Stage Application of PCT/ 
US2006/022254 ?led Jun. 8, 2006; Which claims the bene?t 
ofU.S. ProvisionalApplication 60/688,470 ?led Jun. 8, 2005. 
The above-cited applications are hereby included herein by 
reference in their entirety. 

FIELD 

[0002] Embodiments of the invention relate to a system and 
methods for monitoring the level of blood glucose in a dia 
betes patient Wherein a user may adjust upper and loWer 
thresholds of blood glucose concentration that trigger noti? 
cations to the user. Embodiments of the invention for the ?rst 
time provide a method for the user to establish ?uctuating 
upper and loWer blood glucose concentration noti?cation 
thresholds to manage the short-term effects of food consump 
tion, insulin delivery aberrations, physical activity, emotions, 
and unforeseen circumstances. 

BACKGROUND 

[0003] It is noW a Well established principle of diabetes care 
that in order to prevent, delay, and/or reduce the complica 
tions of diabetes, it is desirable to maintain, as much of the 
time as possible, a blood glucose concentration (BGC) Within 
or close to the normal range. Yet, at present, for individuals 
Who must use exogenous insulin, the goal of maintaining 
euglycemia or near euglycemia a large fraction of the time is 
dif?cult or impossible. While subcutaneous insulin therapy 
empoWers the patient to decrease BGC very effectively, the 
risk of hypoglycemia from too much exogenous insulin 
forces patients to frequently use too little insulin. As a result, 
most patients experience higher than normal average BGC 
With occasional episodes of both very high and very loW 
BGC. Maintaining continuous euglycemia is challenging 
because it requires balancing the intensity of self-adminis 
tered, subcutaneous insulin’s action With the insulin action 
required to keep BGC steady, and to do so continuously on a 
timescale of less than one hour. Since several factors that can 
only be estimated impact this balance, even the most diligent 
and capable individuals using the best technology available 
cannot prevent their BGC from occasionally straying outside 
of the normal range. When testing reveals that BGC is too 
high or too loW, corrective measures can be taken to reestab 
lish euglycemia. Continuous blood glucose concentration 
data provides the fastest possible indication that corrective 
measures should be taken, and therefore, continuous glucose 
monitors Were predicted to be particularly useful for optimiZ 
ing blood glucose control. 
[0004] In the ?rst long-term study in Which real-time, con 
tinuous blood glucose concentration data Was available to 
insulin-using individuals With type I diabetes in the home 
setting (Diabetes Care, March 2004, pp. 734-738), blood 
glucose control Was signi?cantly better than When the same 
patients relied only on conventional, periodic blood glucose 
testing. With access to continuous data, patients spent 88% 
more time With their BGC in the 80-140 mg/dL (euglycemic) 
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range, 47% less time With their BGC beloW 56 mg/dL, and 
25% less time With their BGC above 239 mg/dL. HoWever, 
even though blood glucose control Was greatly improved by 
access to continuous blood glucose concentration data, these 
patients still spent only 9 hours per day With their BGC in the 
80-140 mg/dL range, and they spent 7 hours per day With their 
BGC either beloW 56 mg/dL or above 239 mg/dL. Clearly, 
continuous blood glucose monitors can help improve blood 
glucose control, but access to continuous blood glucose con 
centration data alone is not su?icient to enable most patients 
to maintain euglycemia or near euglycemia as much of the 
time as Would be ideal. 

[0005] An important factor that limits blood glucose con 
trol and Which is inherent to subcutaneous insulin therapy is 
the lag time betWeen the delivery of subcutaneous insulin and 
its action. The fact that in order to maintain euglycemia after 
a meal, even the fastest insulin analogs should be dosed 
subcutaneously approximately 15 minutes before the meal, 
means that forethought is required to provide timely exog 
enous insulin action. Often, such forethought is not practical 
or is not exercised for other reasons, and a high BGC after a 
meal results. HoWever, the need for forethought is not the only 
dif?culty stemming from subcutaneous insulin’s lag time. 
The combination of the lag time and the dif?culty of knoWing 
precisely hoW much insulin is required greatly complicates 
blood glucose control. The amount of exogenous insulin 
needed can only be estimated because it is a function of 
variables that typically are not precisely knoWninamely, 
insulin sensitivity, food quantity and composition, physical 
activity level, the amount of insulin already in the subcutane 
ous tissue and blood, and the blood concentrations of other 
hormones. Were it not for subcutaneous insulin’s lag time, it 
Would be theoretically possible to closely control BGC, even 
Without knoWing in advance exactly hoW much insulin is 
required, by repeatedly dosing small amounts of insulin sub 
cutaneously When, and only When, continuous blood glucose 
data indicates a higher than desired BGC. In fact, a healthy 
pancreas, Which delivers insulin directly into the blood 
stream, and therefore With minimal lag time, in response to its 
oWn continuous blood glucose sensing, controls BGC in this 
manner, albeit aided by additional signaling pathWays. HoW 
ever, the fact of the lag time of subcutaneous insulin action, 
means that even continuous glucose data cannot provide truly 
timely feedback on Whether the amount of insulin already 
dosed is correct. Therefore, Whether insulin is administered 
by injections orWith an insulin pump, even With the bene?t of 
a continuous glucose monitor, it is still desirable for the 
patient to develop the skill of gauging hoW much insulin to 
administer and When to administer it, and it is still the case 
that BGC Will occasionally stray out of the normal range such 
that the patient Will need to manage a quick and safe return to 
euglycemia. 
[0006] Among the many, commonly encountered situa 
tions in Which BGC has strayed or Will stray outside of the 
target range are situations in Which an insulin delivery prob 
lem has occurred, situations in Which an insulin pump and 
continuous glucose monitor have been removed to participate 
in athletics, situations in Which insulin has not been admin 
istered until after a child, Who does not eat predictably, has 
eaten, situations in Which a food that raises BGC rapidly has 
been eaten too soon after insulin administration, situations in 
Which the carbohydrate content of a food has been underes 
timated or overestimated, situations in Which an abnormally 
high BGC has been corrected With excessive insulin, situa 
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tions in Which the effect of exercise on BGC has been incor 
rectly estimated, situations in Which stress has resulted in an 
unanticipated increase of BGC, and situations in Which in the 
pharmacodynamic pro?le of insulin administered does not 
match optimal insulin action in the aftermath of a meal. 
[0007] Embodiments of the invention described herein 
comprise neW features of a continuous glucose monitor and 
methods for their use. These neW features are designed to aid 
a user in managing situations in Which BGC has strayed or 
Will stray outside of the normal or target range and also to 
enhance the user’s skill of predicting hoW BGC Will respond 
to the various factors that affect it. Speci?cally, embodiments 
of the invention relate to noti?cations that a continuous glu 
cose monitor provides to a user as a function of BGC and the 
criteria that trigger those noti?cations. 
[0008] Description of the Related Art 
[0009] The folloWing references disclose the art relevant to 
embodiments of the present invention: US 2005/03 8332, US 
2002/082487, US. Pat. No. 5,800,420, US 2004/044272, US 
2005/199494, US 2001/01 1224, US. Pat. No. 5,791,344, US 
2004/153257, WO 2003/000127, US 2003/191376, US. Pat. 
No. 6,049,727, WO 2003/023356, and US 2003/176933. 
These references, provisional application 60/688,470, and 
other references cited Within this application are hereby 
incorporated herein by reference. 
[0010] The art offers several descriptions of noti?cations 
that blood glucose monitors, both continuous and otherWise, 
may provide to their users. Noti?cations are typically alarms 
that may be auditory, visual, tactile, etc. The most thoroughly 
described purpose of an alarm is to alert a user to hypoglyce 
mia or to Warn the user of impending hypoglycemia. Like 
Wise, hyperglycemia and impending hyperglycemia can trig 
ger an alarm according to some disclosures. 

[0011] According to the art, an obvious advantage of an 
alarm is that it frees a user from having to frequently vieW the 
monitor’s display to see if BGC is unacceptably high or loW or 
if it appears as though BGC Will soon become unacceptably 
high or loW. This is a convenience When the user is aWake and 
a near necessity When the user is asleep. Among the criteria 
that art devices employ to trigger an alarm are a BGC that is 
above or beloW predetermined thresholds, and/or a rate of 
change of BGC that is above or beloW predetermined thresh 
olds, and/ or a percentage rate of change of BGC that is above 
or beloW predetermined thresholds, and/or a second deriva 
tive of BGC over time that is above or beloW predetermined 
thresholds, and/or other BGC-related criteria according to 
speci?cally designed, predetermined algorithms. 
[0012] These alarm criteria can all be set by the device 
manufacturer, and optionally With input from a healthcare 
provider, the BGC thresholds and rate of change thresholds 
may be customiZed and set by a user. If customiZed, these 
thresholds may be adjusted by the user by pressing buttons on 
the device. These alarm triggering thresholds may be dis 
played on the device in numerical or graphical form along 
With recent and present blood glucose and blood glucose rate 
of change data. A user may set the BGC thresholds to different 
values at different times of day according to a predetermined 
schedule. For instance, according to the art, a user may pro 
gram one threshold value for When he is generally aWake and 
another for When he is generally asleep. HoWever, except for 
such predetermined threshold variation, the art BGC alarm 
thresholds are static. There is no suggestion in the art that 
BGC thresholds may change continuously With time (as 
opposed to changing in a step-Wise fashion according to a 
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predetermined schedule) or that they should be changed 
based on the dynamics of a current situation. A user manages 
BGC, according to the art, by taking measures in response to 
alarms, but not by changing the BGC thresholds that trigger 
alarms. In response to an alarm, a user may adjust BGC by 
administration of insulin or consumption of carbohydrate. In 
addition, the alarm status of the device must be managed. An 
alarm may automatically deactivate after a set period of time 
or it may deactivate When the alarming condition no longer 
exists. To prevent redundant and excessive alarms, When an 
alarm occurs, a user or the device automatically may set a 
timer/reminder function that temporarily disables the alarm 
system or temporarily partially disables the alarm system so 
that continuation of the condition that triggered the alarm 
does not cause additional, identical alarms for a ?nite period 
of time. Upon expiration of this period, the alarm system fully 
reactivates and the user may be prompted to take additional 
measures, such as rechecking for the condition that caused the 
alarm. A user may also temporarily deactivate an alarm pre 
emptively. To reiterate, there is no suggestion in the art that 
BGC thresholds may change continuously With time or that 
they should be changed based on the dynamics of a current 
situation. According to the art, a user manages BGC by taking 
measures in response to alarms and optionally by disabling 
alarms, but not by changing the BGC thresholds that trigger 
alarms. 
[0013] For the sake of clarity, it is WorthWhile to distinguish 
betWeen a BGC threshold that may change continuously over 
time, Which is not disclosed in the art, and a threshold for a 
rate of change of BGC, Which is disclosed in the art. These are 
different both in concept and in practice. Even though a rate of 
change of BGC implies a BGC that changes continuously 
over time, a threshold de?ned by a BGC value that may 
change continuously over time, as in embodiments of the 
present invention, cannot generally be duplicated by a thresh 
old de?ned by a rate of change of BGC or any other art alarm 
threshold option or combination of options. 
[0014] Overall, the art alarm features seem Well-designed 
for detecting and alerting a user to hypoglycemia or hyperg 
lycemia or impending hypoglycemia or hyperglycemia When 
BGC begins Within or near the target range. HoWever, the art 
alarm features seem less helpful for managing a quick and 
safe return to euglycemia from hypoglycemic and hypergly 
cemic states, and for managing situations that begin With 
BGC Within the target range, but Which can be expected to 
entail transient hyperglycemia. Embodiments of the inven 
tion disclosed herein offer several advantages over the art in 
hoW they help a user to manage BGC in situations in Which 
BGC has strayed or Will stray outside of the target range. 
These advantages are delineated in the descriptions and 
examples beloW. 

SUMMARY 

[0015] Embodiments of the invention disclosed herein 
relate to systems and methods for monitoring blood glucose 
concentration (BGC) levels in a diabetes patient. When moni 
toring BGC in a diabetes patient it is necessary to establish 
BGC-based criteria that prompt actions intended to adjust and 
optimiZe BGC. Embodiments of the present invention for the 
?rst time provide a method Whereby a user of a continuous 
glucose monitor can establish continuously ?uctuating upper 
and loWer blood glucose thresholds that, When crossed by the 
patient’s BGC, trigger noti?cations to the user. The impor 
tance of the embodiments of the invention is that they alloW 
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the user to manage common ?uctuations in BGC due to the 
short-term effects of food consumption, insulin delivery aber 
rations, physical activity, emotions, and unforeseen circum 
stances. 

[0016] Embodiments of the invention provide for a blood 
glucose monitoring system comprising a blood glucose noti 
?cation threshold pro?le, Wherein the threshold pro?le com 
prises an upper BGC threshold level and a loWer BGC thresh 
old level, and Wherein said upper threshold and said loWer 
threshold are programmable to ?uctuate continuously over 
time. Such threshold pro?les may be created or designed by a 
user and/or by a manufacturer of BGC monitoring products, 
and they may be selected and/or modi?ed by a user and 
employed by the user as frequently as desired to manage the 
short-term effects of food consumption, insulin delivery aber 
rations, physical activity, emotions, and unforeseen circum 
stances. 

[0017] Embodiments of the invention also encompass a 
glucose monitoring system comprising a blood glucose noti 
?cation threshold pro?le, Wherein the pro?le comprises an 
upper BGC threshold level and a loWer BGC threshold level, 
Wherein said upper threshold and said loWer threshold are 
programmable to ?uctuate continuously over time, and also 
an alarm to notify a user should the actual monitored BGC 
stray above said upper threshold or beloW said loWer thresh 
old. In response to said alarm, a user may take action to 
optimiZe BGC, and a neW blood glucose noti?cation thresh 
old pro?le may be created, selected and/or modi?ed by the 
user and employed by the user to continue to manage the 
short-term effects of food consumption, insulin delivery aber 
rations, physical activity, emotions, and unforeseen circum 
stances. 

[0018] Embodiments of the invention further encompass 
methods of creating a blood glucose noti?cation threshold 
pro?le comprising establishing a mathematical relationship 
betWeen the upper and loWer thresholds of a threshold pro?le 
and an expected BGC as a function of time (t). Embodiments 
of the invention further encompass methods of establishing 
an expected BGC as a function of time comprising designat 
ing an expected maximum or minimum BGC, a ?rst length of 
time from the start (t0) to reach said maximum (tmax) or 
minimum (tmin) BGC, and a second length of time from said 
maximum (tmax) or minimum (tmin) BGC to a time When 
BGC enters a designated target range (ttarg). Other embodi 
ments of the invention encompassing methods of establishing 
an expected BGC as a function of time alloW for the absence 
of an expected maximum or minimum, in Which case a length 
of time from the start (t0) to a time (ttarg) When BGC enters 
a designated target range is speci?ed. Re?ecting these desig 
nated values, expected BGC as a function of time and a blood 
glucose noti?cation threshold pro?le can be established. 
Expected BGC as a function of time may be established, for 
example, by ?tting the designated values using a non-linear 
least squares ?t to a segment of a bell-shaped curve Whose 
mathematical form is knoWn in the art. 

[0019] Embodiments of the invention also contemplate 
numerous methods With Which to program a blood glucose 
noti?cation threshold pro?le into a glucose monitoring sys 
tem. The methods include, but are not limited to draWing a 
threshold pro?le, a graph of an expected BGC function, a 
graph of an upper BGC threshold function, or a graph of a 
loWer BGG threshold function onto a display screen of a 
continuous glucose monitor; spotting threshold pro?le 
points, expected BGC function values, upper BGC threshold 
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function values, or loWer BGC threshold function values on a 
display screen of a continuous glucose monitor and then 
?tting a function to said points; and using keys to input values 
of threshold pro?le points, expected BGC function values, 
upper BGC threshold function values, or loWer BGC thresh 
old function values into a program that can ?t a function to the 
inputted values. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0020] Embodiments of the invention may be more com 
pletely understood in consideration of the detailed descrip 
tion in connection With the accompanying draWings, in 
Which: 

[0021] FIGS. 1A and 1B depict a threshold pro?le estab 
lished by a user and a BGC level in relation to the threshold 
pro?le over time. See Example 1 for details. 

[0022] FIGS. 2A and 2B depict a threshold pro?le estab 
lished by a user and a BGC level in relation to the threshold 
pro?le over time. See Example 2 for details. 

[0023] FIGS. 3A and 3B depict a threshold pro?le estab 
lished by a user and a BGC level in relation to the threshold 
pro?le over time. See Example 3 for details. 

[0024] FIGS. 4A and 4B depict a threshold pro?le estab 
lished by a user and a BGC level in relation to the threshold 
pro?le over time. See Example 4 for details. 

[0025] FIGS. 5A and 5B depict a threshold pro?le estab 
lished by a user and a BGC level in relation to the threshold 
pro?le over time. See Example 5 for details. 

[0026] FIGS. 6A and 6B depict a threshold pro?le estab 
lished by a user and a BGC level in relation to the threshold 
pro?le over time. See Example 6 for details. 

[0027] FIGS. 7A, 7B, and 7C depict a threshold pro?le 
established by a user and a BGC level in relation to the 
threshold pro?le over time. See Example 7 for details. 

[0028] FIGS. 8A and 8B depict a threshold pro?le estab 
lished by a user and a BGC level in relation to the threshold 
pro?le over time. See Example 8 for details. 

[0029] FIGS. 9A and 9B depict a threshold pro?le estab 
lished by a user and a BGC level in relation to the threshold 
pro?le over time. See Example 9 for details. 

[0030] FIGS. 10A and 10B depict a threshold pro?le estab 
lished by a user and a BGC level in relation to the threshold 
pro?le over time. See Example 10 for details. 

[0031] FIGS. 11A and 11B depict a threshold pro?le estab 
lished by a user and a BGC level in relation to the threshold 
pro?le over time. See Example 11 for details. 

[0032] FIGS. 12A and 12B depict a threshold pro?le estab 
lished by a user and a BGC level in relation to the threshold 
pro?le over time. See Example 12 for details. 

[0033] FIG. 13 is a ?oWchart shoWing an example, high 
level, programming scheme of actions that may be taken by a 
continuous glucose monitoring system that comprises a blood 
glucose noti?cation threshold pro?le. See also Example 13. 
[0034] While embodiments of the invention are amenable 
to various modi?cations and alternative forms, certain spe 
ci?c embodiments are shoWn by Way of example in the draW 
ings and are described in detail beloW. It should be understood 
that the intention is not to limit the invention to the particular 
embodiments described. On the contrary, the intention is to 
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cover all modi?cations, equivalents, and alternative forms 
falling Within the scope and spirit of the invention as de?ned 
by the appended claims. 

DETAILED DESCRIPTION OF INVENTION 

[0035] Embodiments of the invention disclosed herein 
relate to systems and methods for monitoring blood glucose 
concentration (BGC) levels in a diabetes patient. Embodi 
ments of the invention provide for a blood glucose noti?ca 
tion threshold pro?le, Wherein the pro?le comprises an upper 
BGC threshold function and a loWer BGC threshold function, 
and Wherein saidupper threshold and said loWer threshold are 
programmable to ?uctuate continuously over time. Embodi 
ments of the invention further contemplate a glucose moni 
toring system comprising said blood glucose noti?cation 
threshold pro?les, Wherein said threshold pro?les may be 
created or designed by a user and/or by a manufacturer of 
BGC monitoring products, and said pro?les may be selected 
and/or modi?ed by a user and employed by the user as fre 
quently as desired to manage the short-term effects of food 
consumption, insulin delivery aberrations, physical activity, 
emotions, and unforeseen circumstances. Embodiments of 
the invention further encompass methods of creating and 
programming blood glucose noti?cation threshold pro?les 
into a glucose monitoring system. 
[0036] De?nitions 
[0037] The folloWing are de?nitions of terms used in this 
speci?cation. 
[0038] The term “user”, as in “user of a continuous blood 
glucose monitor”, as used herein means any individual Who 
may act upon data or noti?cations generated by the device 
being used. Typically, a user is the patient, but the term “user” 
may also apply to other interested parties, such as adults Who 
care for a child patient. The user may be more than one 
person, for instance the patient during daytime and the 
patient’s parents during nighttime. 
[0039] The terms “glucose monitor” and “display”, as in 
“glucose monitor display”, as used herein mean devices, 
either Worn by a patient or remote from the patient, that 
monitor and/ or display the patient’s blood glucose concentra 
tion data and provide noti?cations to a user. A glucose moni 
tor and/or its display may be combined With other devices 
such as an insulin pump or a WristWatch. A dedicated remote 

device, a personal computer, a laptop computer, a palm com 
puter, tablet computer, personal digital assistant, or other 
digital device may serve as display and user interface devices. 
The connections betWeen glucose monitors, displays, and 
other devices may be through Wired or Wireless connections. 
[0040] The terms “blood glucose concentration data” and 
“blood glucose concentration” (BGC), as used herein and as 
they relate to glucose monitors mean information about blood 
glucose concentration that is either directly measured by sam 
pling blood or related ?uids, such as interstitial ?uid, or 
inferred or calculated by measurement of other parameters 
that correlate With blood glucose concentration, such as elec 
tromagnetic impedance. 
[0041] The term “continuous” as used herein and as applied 
to blood glucose monitoring or blood glucose concentration 
data means frequently enough to avoid missing signi?cant 
maxima or minima. Continuous blood glucose monitoring 
may update every feW seconds, for example every 1-5 sec 
onds, every 5-15 seconds, every 15-30 seconds, or every 
30-60 seconds. Alternatively, continuous blood glucose 
monitoring may update every feW minutes, for example every 
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1-5 minutes, every 5-15 minutes, or every 15-30 minutes. In 
this context, the term “continuous” may be synonymous With 
the term “semi-continuous”. 
[0042] The term “continuous” as used herein and as applied 
to ?uctuating BGC threshold functions, as in the phrase 
“threshold functions are programmable to ?uctuate continu 
ously over time”, means that gaps and segments of in?nite 
slope, if any, in a BGC threshold as a function of time are 
smaller than 30 minutes in the time dimension and smaller 
than 25 mg/dL in the BGC dimension. In this context, the 
term “continuous” may be synonymous With the term “semi 
continuous”. 
[0043] The term “?uctuate” as used herein and as applied to 
?uctuating BGC threshold functions, as in the phrase “thresh 
old functions are programmable to ?uctuate continuously 
over time”, means to vary, especially irregularly. To “?uctuate 
continuously over time” means to “change continuously over 
time” as shoWn, for example, in FIGS. 1-12. 
[0044] The term “noti?cation” as used herein means a sig 
nal or alert from a blood glucose monitor to a user. The signal 
or alert may be auditory, visual, tactile, etc. A noti?cation may 
be an alarm in the sense that it indicates that the monitored 
BGC is not as expected or is at a level that is reason for 
concern. Noti?cation may also be con?rmation that BGC is as 
expected or at a desirable level. A blood glucose monitoring 
system may simultaneously employ several different types of 
noti?cation signal that may be triggered by different criteria. 
[0045] The terms “expected range” and “expected blood 
glucose concentration range” as used herein mean a range of 
BGC that a user expects at any given time. An expected range 
is bounded by an upper threshold and a loWer threshold. 
According to embodiments of the present invention, a noti? 
cation is triggered When monitored BGC exits the expected 
range by crossing either the upper or loWer threshold. Under 
certain conditions, remaining Within the expected range may 
also trigger a noti?cation. Typically, the user/patient acts to 
maintain BGC Within the target range; hoWever, because cir 
cumstances often arise that make maintaining BGC Within 
the target range temporarily impossible, the user/patient may 
de?ne an expected BGC range, Which may differ from the 
target range, and Within Which BGC is steered over time to 
minimiZe its deviation from the target range. 
[0046] The term “expectedblood glucose concentration” as 
used herein means a BGC value that a user expects is most 
likely at any given time. The expected BGC is Within the 
expected BGC range. The expected BGC may be the arith 
metic mean, geometric mean, harmonic mean, other average, 
or other function of the upper or loWer BGC threshold func 
tions. An “expected blood glucose concentration function” is 
a function of expected blood glucose concentration over time, 
the function comprising speci?c values at speci?c times. 
[0047] The terms “measured blood glucose concentration” 
and “measuredblood glucose concentration function” as used 
herein refer to blood glucose concentration data obtained 
from measurements of actual blood glucose concentration 
data in a user/patient. Such data may be stored in a data store 
con?gured to store blood glucose-related data. Measured 
blood glucose concentration functions comprise speci?c val 
ues at speci?c times. 
[0048] The term “noti?cation threshold” as used herein 
means a BGC value, Which may be time-dependent, espe 
cially the upper or loWer bounds of an expected range. A 
noti?cation, or alert, to a user is triggered When measured, or 
current, BGC crosses a noti?cation threshold. 
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[0049] The terms “threshold pro?le” (TP), “blood glucose 
noti?cation threshold pro?le” and “blood glucose threshold 
pro?le” as used herein mean a pair of functions comprising 
upper and loWer blood glucose noti?cation thresholds as 
functions of time. The upper and loWer BGC noti?cation 
threshold functions are the upper and loWer bounds of an 
expected BGC range. The upper and loWer blood glucose 
noti?cation threshold functions may be conveniently visual 
iZed as graphs, or curves, of glucose concentration versus 
time. 

[0050] The term “threshold functions” as used herein refer 
to the upper and loWer BGC threshold functions Which com 
prise a threshold pro?le. Threshold functions comprise spe 
ci?c values at speci?c times. 

[0051] The terms “de?ne” and “de?ning” as used herein as 
in “to de?ne a threshold pro?le” or “de?ning a threshold 
function” refer to retrieving, creating, or programming 
threshold pro?les, blood glucose concentration threshold 
functions, and expected blood glucose concentration func 
tions. A threshold pro?le, threshold function, or expected 
BGC function may be created de novo by draWing graphs, 
spotting points, or entering numeric data. In addition, a 
threshold pro?le may be de?ned by ?rst retrieving blood 
glucose-related data, such as threshold pro?les, upper blood 
glucose concentration threshold functions, loWer blood glu 
cose concentration threshold functions, expected blood glu 
cose concentration functions, or measured blood glucose 
concentration functions, and then completing the de?nition 
of the threshold pro?le, if necessary, as described herein. The 
retrieved blood glucose-related data items may optionally be 
modi?ed as part of the process of de?ning a threshold pro?le. 

[0052] The terms “corresponding” and “corresponding val 
ues” as used herein refer to points or values that correspond in 
time to one another. A threshold pro?le comprises upper and 
loWer blood glucose concentration noti?cation thresholds as 
functions of time. The functions further comprise values. 
When a threshold pro?le is in use, the current blood glucose 
concentration value is compared to the upper and loWer BGC 
threshold values that correspond, in the time coordinate, to 
the current BGC value, Which may be either a single BGC 
value, an average of recent values, and/or a function of recent 
values such as recent values that have been run through a 
Kalman ?lter. 

[0053] The term “normal range” as used herein means a 
range of blood glucose concentration that is typical of indi 
viduals With normal glucose metabolism. A BGC in the nor 
mal range is equivalent to euglycemia, generally more than 
65-80 mg/dL and less than 120-140 mg/dL. 
[0054] The terms “near the normal range” and “near eug 
lycemia” as used herein mean blood glucose concentration 
that is slightly above or beloW the normal range, but Which is 
not reason for concern. 

[0055] The term “target range” as used herein means a 
range of blood glucose concentration that is recommended 
for a patient by the patient’s healthcare professional. A target 
range is typically similar to the normal range, but may differ 
from patient to patient or depend on experience or circum 
stance. For example, a target range may be higher during a 
patient’s sleeping hours than during his Waking hours. 
[0056] The terms “blood glucose concentration target” and 
“target” as used herein mean a patient’s optimal 
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[0057] BGC, as recommended for the patient by the 
patient’s healthcare professional. A target may be the arith 
metic mean, geometric mean, or other function of the bounds 
of the target range. 

[0058] The term “bolus” as used herein, as a noun as in 
“insulin bolus”, as a verb as in “to bolus insulin”, and as an 
adjective as in “bolus insulin”, refers to insulin administered 
or the act of administering insulin on an ad hoc basis, such as 
to control BGC after a meal or to decrease an undesirably high 
BGC. The term is typically applied to the ad hoc subcutane 
ous infusion of insulin by means of an insulin pump in the 
context of insulin pump therapy. In multiple daily injection 
therapy, in Which insulin is administered by means of an 
insulin syringe or insulin pen, the term “bolus insulin” is less 
frequently used; in this context the term “injection” is more 
often employed to describe insulin administered subcutane 
ously on either an ad hoc or other basis. Bolus insulin, When 
administered, is administered as a supplement to “basal insu 
lin”, Which is a basal dose of insulin calculated to maintain a 
steady BGC When BGC is not in?uenced by a meal or by a 
signi?cant change from the normal level of physical activity. 
Basal insulin is employed in both insulin pump and injection 
therapy. In injection therapy, the basal insulin injected is a 
longer-acting insulin preparation as compared With the prepa 
ration used for ad hoc purposes. In contrast, in insulin pump 
therapy, the same insulin preparation is used as both the basal 
and bolus insulin. In insulin pump therapy, bolus insulin is 
distinguished from basal insulin by the ?exibility With Which 
it is used and by the purpose for Which it is usedibasal 
insulin is infused in a scheduled fashion to meet the ever 
present need for a minimal amount of insulin to control BGC, 
even in the absence of a meal, While bolus insulin is infused in 
an ad hoc manner When additional insulin is needed. 

[0059] The term “computer readable medium” as used 
herein refers to a digital medium Which may be read by a 
computer, processor, microprocessor or other digital device. 
Examples of computer readable media include, but are not 
limited to, CDROM’s, CDRW, Random Access Memory 
(RAM), including Dynamic Random Access Memory 
(DRAM) and Static Random Access Memory (SRAM), hard 
disks, such as contained in hard disk drives, ?oppy disks, 
digital memory sticks, Digital Video Disks (DVD), and mag 
netic tape. 
[0060] The term “data store” as used herein refers to a 
digital data storage medium capable of being read from and 
Written to. A “data store” may be used to store at least one 
blood glucose-related data item. Blood glucose-related data 
items comprise threshold pro?les, upper blood glucose con 
centration threshold functions, loWer blood glucose concen 
tration threshold functions, and expected blood glucose con 
centration functions, as Well as measured blood glucose 
concentration data items. A “data store” may comprise a 
CDROM, CDRW, Random Access Memory (RAM), includ 
ing Dynamic Random Access Memory (DRAM) and Static 
Random Access Memory (SRAM), hard disks, such as con 
tained in hard disk drives, ?oppy disks, digital memory sticks, 
Digital Video Disks (DVD), and magnetic tape. Typically a 
“data store” is either RAM or a disk drive connected, via a 
Wired or Wireless connection, to a continuous blood glucose 
monitor. 

[0061] The term “numeric input” as used herein, as in the 
phrase “a device capable of accepting numeric input”, means 
not only input in the form of numbers, but also input that 
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adjusts pre-existing numbers upward or downward, such as 
by pressing up arrow and down arrow keys. 

EMBODIMENTS OF THE INVENTION 

[0062] Embodiments of the invention comprise continuous 
blood glucose monitoring systems con?gured to continu 
ously receive signal data from blood glucose monitoring sen 
sors. Blood glucose monitoring sensors may monitor blood 
glucose levels directly, or other physiological parameters 
which are correlated with blood glucose concentration may 
be monitored. The systems are con?gured to convert sensor 
data into current blood glucose concentration values and to 
compare the BGC values with corresponding threshold pro 
?le values. The systems are con?gured to support continu 
ously ?uctuating blood glucose noti?cation threshold pro 
?les. The threshold pro?les comprise an upper blood glucose 
concentration threshold function and a lower blood glucose 
concentration threshold function, and the functions comprise 
speci?c values at speci?c times. Systems of the invention are 
con?gured to compare a current blood glucose concentration 
value with a corresponding upper blood glucose concentra 
tion threshold value and with a corresponding lower blood 
glucose concentration threshold value. If the current blood 
glucose concentration value is greater than the corresponding 
upper blood glucose concentration threshold value or less 
than the corresponding lower blood glucose concentration 
threshold value, then the systems are con?gured to alert a 
user. The alert may comprise a visual alert, an auditory alert, 
a tactile alert, or another type of alert. Systems of the inven 
tion may also alert users to other events comprising: a prede 
termined amount of time passing since threshold pro?le acti 
vation, a predetermined time of day occurring, a user 
maintaining a blood glucose concentration within the thresh 
old pro?le range for a predetermined amount of time, a blood 
glucose concentration crossing a static threshold which is 
independent of a threshold pro?le, a rate of change of blood 
glucose concentration exceeding a threshold rate of change, a 
rate of change of blood glucose concentration falling below a 
threshold rate of change, a blood glucose concentration per 
centage rate of change exceeding a threshold percentage rate 
of change, a blood glucose concentration percentage rate of 
change falling below a threshold percentage rate of change, a 
second derivative of blood glucose concentration over time 
exceeding a threshold second derivative of blood glucose 
concentration over time, and a second derivative of blood 
glucose concentration over time falling below a threshold 
second derivative of blood glucose concentration over time. 
[0063] Systems of the invention may further comprise a 
graphic display capable of displaying one or more graphs 
comprising upper blood glucose concentration threshold 
functions, lower blood glucose concentration threshold func 
tions, expected blood glucose concentration threshold func 
tions, and measured blood glucose concentration. Graphic 
displays of systems of the invention may support color 
wherein a graph of an upper blood glucose concentration 
threshold function is displayed in a ?rst color, a graph of a 
lower blood glucose concentration threshold function is dis 
played in a second color, a graph of an expected blood glucose 
concentration function is displayed in a third color, and a 
graph of measured blood glucose concentration is displayed 
in a fourth color. The colors may be the same, or the colors 
may be different from one another. 
[0064] Systems of the invention may comprise a data store 
con?gured to store and retrieve blood glucose-related data. 
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For user convenience, data items may be labeled. For 
example, mnemonic labels may be used to allow users to 
quickly comprehend the contents of stored data items. Sys 
tems of the invention may be con?gured to allow a user to 
de?ne blood glucose threshold pro?les by using a method 
comprising one or more of the following steps: the step of 
retrieving a blood glucose threshold pro?le from a data store; 
the step of modifying a blood glucose threshold pro?le; the 
step of retrieving an expected blood glucose concentration 
function from a data store; the step of modifying an expected 
blood glucose concentration function; the step of retrieving 
an upper blood glucose concentration threshold function 
from a data store; the step modifying an upper blood glucose 
concentration threshold function; the step of retrieving a 
lower blood glucose concentration threshold function from a 
data store; and the step of modifying a lower blood glucose 
concentration threshold function. Systems of the invention 
may be con?gured to allow a user to de?ne a blood glucose 
thresholdpro?le by analyZing recent measured blood glucose 
concentration data; retrieving at least one blood glucose 
related data item, based upon the analysis, from a data store; 
optionally modifying the at least one blood glucose-related 
data item; presenting at least one blood glucose related data 
item to the user; allowing the user to select a blood glucose 
related data item; and optionally allowing the user to modify 
the selected blood glucose-related data item. 
[0065] Systems of the invention may also be con?gured to 
allow a user to de?ne a blood glucose threshold pro?le by 
using a method comprising one or more steps including: the 
step of drawing the graph of an upper blood glucose concen 
tration threshold function using a device capable of accepting 
graphic input; the step of drawing the graph of a lower blood 
glucose concentration threshold function using a device 
capable of accepting graphic input; the step of spotting points 
de?ning an upper blood glucose concentration threshold 
function using a device capable of accepting graphic input; 
the step of spotting points de?ning a lower blood glucose 
concentration threshold function using a device capable of 
accepting graphic input; the step of entering numeric data 
de?ning an upper blood glucose concentration threshold 
function using a device capable of accepting numeric input; 
the step of entering numeric data de?ning a lower blood 
glucose concentration threshold function using a device 
capable of accepting numeric input; the step of drawing a 
graph of an expected blood glucose concentration function 
using a device capable of accepting graphic input; the step of 
spotting points de?ning an expected blood glucose concen 
tration function using a device capable of accepting graphic 
input; and the step of entering numeric data de?ning an 
expected blood glucose concentration function using a device 
capable of accepting numeric input. The duration of a thresh 
old pro?le may be from about one hour to about twelve hours. 

[0066] Embodiments of the invention comprise methods 
for using continuous blood glucose monitoring systems. 
Methods of the invention comprise de?ning a blood glucose 
noti?cation threshold pro?le. As discussed in further detail 
below, threshold pro?les comprise an upper blood glucose 
concentration threshold function and a lower blood glucose 
concentration threshold function. The upper and lower BGC 
threshold functions may ?uctuate continuously and may form 
the bounds of an expected blood glucose concentration range 
for the duration of the threshold pro?le. A threshold pro?le 
may be de?ned in a number of ways. The upper and lower 
BGC threshold functions may be de?ned directly; they may 


























