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SYSTEM FOR OPTIMIZING A PATIENT’S 
INSULIN DOSAGE REGIMEN 

RELATED APPLICATIONS 

This application is a continuation of US. application Ser. 
No. 12/417,960, ?led on Apr. 3, 2009, Which claims the 
bene?t of priority from, US. provisional application Ser. No. 
61/042,487, ?led 4 Apr. 2008, and US. provisional applica 
tion Ser. No. 61/060,645, ?led 11 Jun. 2008. Each of these 
applications, in their entirety, are incorporated herein by ref 
erence. 

FIELD OF THE INVENTION 

The present invention relates to a system for optimizing the 
insulin dosage regimen for a diabetes patient, and more par 
ticularly to such a system according to Which a processor is 
programmed at least to determine from the data inputs corre 
sponding to the patient’s blood-glucose-level measurements 
determined at a plurality of times Whether and by hoW much 
to vary at least one of the one or more components in the 
patient’s present insulin dosage regimen in order to maintain 
the patient’ s future blood-glucose-level measurements Within 
a prede?ned range. 

BACKGROUND 

Diabetes is a chronic disease resulting from de?cient insu 
lin secretion by the endocrine pancreas. About 7% of the 
general population in the Western Hemisphere suffers from 
diabetes. Of these persons, roughly 90% suffer from Type-2 
diabetes While approximately 10% suffer from Type-1. In 
Type-1 diabetes, patients effectively surrender their endo 
crine pancreas to autoimmune distraction and so become 
dependent on daily insulin injections to control blood-glu 
cose-levels. In Type-2 diabetes, on the other hand, the endo 
crine pancreas gradually fails to satisfy increased insulin 
demands, thus requiring the patient to compensate With a 
regime of oral medications or insulin therapy. In the case of 
either Type-1 or Type-2 diabetes, the failure to properly con 
trol glucose levels in the patient may lead to such complica 
tions as heart attacks, strokes, blindness, renal failure, and 
even premature death. 

Insulin therapy is the mainstay of Type-1 diabetes manage 
ment and one of the most Widespread treatments in Type-2 
diabetes, about 27% of the sufferers of Which require insulin. 
Insulin administration is designed to imitate physiological 
insulin secretion by introducing tWo classes of insulin into the 
patient’s body: Long-acting insulin, Which ful?lls basal 
metabolic needs; and short-acting insulin (also knoWn as 
fact-acting insulin), Which compensates for sharp elevations 
in blood-glucose-levels folloWing patient meals. Orchestrat 
ing the process of dosing these tWo types of insulin, in What 
ever forrn (e.g., separately or as premixed insulin) involves 
numerous considerations. 

First, patients measure their blood-glucose-levels (using 
some form of a glucose meter) on average about 3 to 4 times 
per day. The number of such measurements and the variations 
therebetWeen complicates the interpretation of these data, 
making it dif?cult to extrapolate trends therefrom that may be 
employed to better maintain the disease. Second, the com 
plexity of human physiology continuously imposes changes 
in insulin needs for Which frequent insulin dosage regimen 
adjustments are Warranted. Presently, these considerations 
are handled by a patient’ s endocrinologist or other healthcare 
professional during clinic appointments. Unfortunately, these 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

2 
visits are relatively infrequentioccurring once every 3 to 6 
monthsiand of short duration, so that the physician or other 
healthcare professional is typically only able to revieW the 
very latest patient medical data. In consequence, it has been 
shoWn that more than 60% of patients control their diabetes at 
sub-optimal levels, leading to unWanted complications from 
the disease. 

Indeed, one of the major obstacles of diabetes management 
is the lack of availability of a patient’s healthcare professional 
and the relative infrequency of clinic appointments. Studies 
have, in fact, established that more frequent insulin dosage 
regimen adjustments4e.g., every 1 to 2 Weeksiimproves 
diabetes control in most patients.Yet as the number of diabe 
tes sufferers continues to expand, it is expected that the pos 
sibility of more frequent insulin dosage regimen adjustments 
via increased clinic visits Will, in fact, decrease. And, unfor 
tunately, conventional diabetes treatment solutions do not 
address this obstacle. 
The device most commonly employed in diabetes manage 

ment is the glucose meter. Such devices come in a variety of 
forms, although all are characterized by their ability to pro 
vide patients near instantaneous readings of their blood-glu 
cose-levels. This additional information can be used to better 
identify dynamic trends in blood-glucose-levels. HoWever, 
all conventional glucose meters are designed to be diagnostic 
tools rather than therapeutic ones. Therefore, by themselves, 
even state-of-the-art glucose meters do not lead to improved 
glycemic control. 
One conventional solution to the treatment of diabetes is 

the insulin pump. Insulin pumps are devices that continuously 
infuse short acting insulin into a patient at a predetermined 
rate to cover both basal needs and meals. As With manual 
insulin administration therapy, a healthcare professional sets 
the pump With the patient’s insulin dosage regimen during 
clinic visits. In addition to their considerable current expense, 
Which prohibits their Widespread use by patients With Type-2 
diabetes, insulin pumps require frequent adjustment by the 
physician or other healthcare professional to compensate for 
the needs of individual patients based upon frequent blood 
glucose-level measurements. 
An even more recent solution to diabetes treatment seeks to 

combine an insulin pump and near-continuous glucose moni 
toring in an effort to create, in effect, an arti?cial pancreas 
regulating a patient’s blood-glucose-level With infusions of 
short-acting insulin. According to this solution, real-time 
patient information is employed to match insulin do sing to the 
patient’s dynamic insulin needs irrespective of any underly 
ing physician-prescribed treatment plan. While such systems 
address present dosing requirements, they are entirely reac 
tive and not instantaneously effective. In consequence of 
these draWbacks, such combined systems are not alWays 
effective at controlling blood glucose levels. For instance, 
such combined units cannot forecast unplanned activities, 
such as exercise, that may excessively loWer a patient’s 
blood-glucose level. And When the hypoglycemic condition 
is detected, the delay in the effectiveness of the insulin occa 
sioned not only by the nature of conventional synthetic insu 
lin but also the sub-dermal delivery of that insulin by conven 
tional pumps results in inef?cient correction of the 
hypoglycemic event. 

While the foregoing solutions are bene?cial in the man 
agement and treatment of diabetes in some patients, or at least 
hold the promise of being so, there continues to exist the need 
for means that Would cost-effectively improve diabetes con 
trol in patients. 

SUMMARY OF THE INVENTION 

According to the speci?cation, there are disclosed several 
embodiments of a system for optimiZing a patient’s insulin 
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dosage regimen over time. In one embodiment, the system 
comprises at least a ?rst memory for storing data inputs 
corresponding at least to one or more components of a 
patient’s present insulin dosage regimen, and data inputs 
corresponding at least to the patient’s blood-glucose-level 
measurements determined at a plurality of times; and a pro 
cessor operatively connected to the at least ?rst memory. The 
processor is programmed at least to determine from the data 
inputs corresponding to the patient’s blood-glucose-level 
measurements determined at a plurality of times Whether and 
by hoW much to vary at least one of the one or more compo 
nents in the patient’s present insulin dosage regimen in order 
to maintain the patient’ s future blood-glucose-level measure 
ments Within a prede?ned range. 

In one embodiment, the at least ?rst memory and the pro 
cessor are resident in a single apparatus. Per one feature, the 
single apparatus further comprises a glucose meter. The glu 
cose meter may be separate from the single apparatus, further 
to Which the glucose meter is adapted to communicate to the 
at least ?rst memory of the single apparatus the data inputs 
corresponding at least to the patient’s blood-glucose-level 
measurements determined at a plurality of times. 

Per one feature thereof, the single apparatus may further 
comprises data entry means for entering data inputs corre 
sponding at least to the patient’s blood-glucose-level mea 
surements determined at a plurality of times directly into the 
at least ?rst memory. 

There may, per another aspect of the invention, further be 
provided data entry means disposed at a location remote from 
the single apparatus for remotely entering data inputs corre 
sponding at least to the one or more components in the 
patient’s present insulin dosage regimen into the at least ?rst 
memory. 
On one embodiment, the invention may comprise at least 

?rst data entry means disposed at a location remote from the 
at least ?rst memory and processor for remotely entering data 
inputs corresponding at least to the one or more components 
in the patient’ s present insulin do sage regimen into the at least 
?rst memory, and at least second data entry means, disposed 
at a location remote from the at least ?rst memory, processor 
and at least ?rst data entry means, for remotely entering data 
inputs corresponding at least to the patient’s blood-glucose 
level measurements determined at a plurality of times into the 
at least ?rst memory. 

Per one aspect of the invention, the data inputs correspond 
ing at least to the patient’s blood-glucose-level measurements 
determined at a plurality of times are each associated With an 
identi?er indicative of When the measurement Was input into 
the memory. Optionally, there may be provided data entry 
means enabling a user to de?ne the identi?er associated With 
each blood-glucose-level measurement data-input, to con 
?rm the correctness of the identi?er associated With each 
blood-glucose-level measurement data-input, and/ or to 
modify the identi?er associated With each blood-glucose 
level measurement data-input. 

According to a still further feature, the processor is pro 
grammed to determine on a prede?ned schedule Whether and 
by hoW much to vary at least one of the one or more compo 
nents in the patient’s present insulin dosage regimen. 

Per yet another feature of the invention, the processor is 
programmed to determine Whether each data input corre 
sponding to the patient’s blood-glucose-level measurements 
represents a severe hypoglycemic event, and to vary at least 
one of the one or more components in the patient’s present 
insulin dosage regimen in response to a determination that a 
data input corresponding to the patient’s blood-glucose-level 
measurements represents a severe hypoglycemic event. 
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4 
According to yet another feature, the processor is pro 

grammed to determine from the data inputs corresponding to 
the patient’s blood-glucose-level measurements determined 
at a plurality of times if there have been an excessive number 
of hypoglycemic events over a prede?ned period of time, and 
to vary at least one of the one or more components in the 

patient’s present insulin dosage regimen in response to a 
determination that there have been an excessive number of 
such hypoglycemic events over a prede?ned period of time. 

Per still another feature, the processor is programmed to 
determine from the data inputs corresponding at least to the 
patient’s blood-glucose-level measurements determined at a 
plurality of times if the patient’s blood-glucose level mea 
surements fall Within or outside of a prede?ned range, and to 
vary at least one of the one or more components in the 

patient’s present insulin dosage regimen only if the patient’s 
blood-glucose level measurements fall outside of the pre 
de?ned range. The processor may be further programmed to 
determine from the data inputs corresponding at least to the 
patient’s blood-glucose-level measurements determined at a 
plurality of times Whether the patient’s blood-glucose-level 
measurements determined at a plurality of times represent a 
normal or abnormal distribution. In one aspect, this determi 
nation comprises determining Whether the third moment of 
the distribution of the patient’ s blood-glucose-level measure 
ments determined at a plurality of times fall Within a pre 
de?ned range. 

According to a further aspect of the invention, Where the 
one or more components in the patient’s present insulin dos 
age regimen comprise a long-acting insulin dosage compo 
nent, the processor is programmed to determine from the 
identi?er indicative of When a measurement Was input into 
the memory at least Whether the measurement is a morning or 
bed-time blood-glucose-level measurement, to determine 
Whether the patient’s morning and bed-time blood-glucose 
level measurements fall Within a prede?ned range, and to 
determine by hoW much to vary the patient’s long-acting 
insulin dosage component only When the patient’s morning 
and bed-time blood-glucose-level measurements are deter 
mined to fall outside of the said prede?ned range. In connec 
tion thereWith, the processor may further be programmed to 
factor in an insulin sensitivity correction factor that de?nes 
both the percentage by Which any of the one or more compo 
nents of the insulin dosage regimen may be varied and the 
direction in Which any fractional variations in any of the one 
or more components are rounded to the nearest Whole num 
ber. Optionally, the at least ?rst memory further stores data 
inputs corresponding to a patient’s present Weight, and the 
insulin sensitivity correction factor is in part determined from 
the patient’s present Weight. Per this aspect of the invention, 
the determination of by hoW much to vary the long-acting 
insulin dosage component of a patient’s present insulin dos 
age regimen may be a function of the present long-acting 
insulin dosage, the insulin sensitivity correction factor, and 
the patient’s blood-glucose-level measurements. 

In another aspect of the invention, the one or more compo 
nents in the patient’s present insulin dosage regimen com 
prise a short-acting insulin dosage component de?ned by a 
carbohydrate ratio and plasma glucose correction factor, and 
the processor is programmed to determine Whether and by 
hoW much to vary the patient’ s carbohydrate ratio and plasma 
glucose correction factor. In connection With this determina 
tion, the processor may be programmed to factor in an insulin 
sensitivity correction factor that de?nes both the percentage 
by Which any one or more components of the insulin dosage 
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regimen may be varied and the direction in Which any frac 
tional variations in the one or more components are rounded 

to the nearest Whole number. 
Per one aspect of the invention, the determination of by 

hoW much to vary the present plasma glucose correction 
factor component of a patient’s insulin dosage regimen may 
be a function of a prede?ned value divided by the mean of the 
total daily dosage of insulin administered to the patient, the 
patient’s present plasma glucose correction factor, and the 
insulin sensitivity correction factor. Alternatively, a value 
representing tWice the patient’s daily dosage of long-acting 
insulin in the present insulin dosage regimen may be substi 
tuted for the mean of the total daily dosage of insulin admin 
istered to the patient as an approximation thereof. Per still 
another feature hereof, the plasma glucose correction factor 
component of the patient’s insulin dosage regimen may be 
quantized to prede?ned steps of mg/dL. 

According to yet another feature of the invention, the deter 
mination of by hoW much to vary the present carbohydrate 
ratio component of a patient’s insulin dosage regimen is a 
function of a prede?ned value divided by the mean of the total 
daily dosage of insulin administered to the patient, the 
patient’s present carbohydrate ratio, and the insulin sensitiv 
ity correction factor. Alternatively, a value representing tWice 
the patient’ s daily dosage of long-acting insulin in the present 
insulin dosage regimen is substituted for the mean of the total 
daily dosage of insulin administered to the patient as an 
approximation thereof. Further hereto, the processor may 
also be programmed to determine a correction factor that 
alloWs variations to the carbohydrate ratio component of a 
patient’s insulin dosage regimen to be altered in order to 
compensate for a patient’s individual response to insulin at 
different times of the day. 

Per a still further feature of the invention, the one or more 
components in the patient’s present insulin dosage regimen 
comprise a long-acting insulin dosage component, and the 
determination of by hoW much to vary the long-acting insulin 
dosage component is constrained to an amount of variation 
Within prede?ned limits. 

According to yet another feature, the one or more compo 
nents in the patient’s present insulin dosage regimen com 
prise a short-acting insulin dosage component de?ned by a 
carbohydrate ratio and plasma glucose correction factor, and 
the determination of by hoW much to vary any one or more of 
each component in the short-acting insulin dosage is con 
strained to an amount of variation Within prede?ned limits. 

According to a further feature, the one or more components 
in the patient’s present insulin dosage regimen comprise a 
short-acting insulin dosage component taken according to a 
sliding scale, and the processor is programmed to determine 
Whether and by hoW much to vary at least the sliding scale in 
order to maintain the patient’s future blood-glucose-level 
measurements Within a prede?ned range. The determination 
of by hoW much to vary the sliding scale may further be 
constrained to an amount of variation Within prede?ned lim 
its. 

BRIEF DESCRIPTION OF THE DRAWINGS 

For a better understanding of the present invention and to 
shoW more clearly hoW it may be carried into effect, reference 
Will noW be made, by Way of example, to the accompanying 
draWings, Which shoW exemplary embodiments of the present 
invention, and in Which: 

FIG. 1 is a simpli?ed schematic of an apparatus according 
to a ?rst exemplary embodiment of the invention; 

20 

25 

30 

35 

40 

50 

55 

60 

65 

6 
FIG. 2 is a draWing of a representative display for provid 

ing information to a patient; 
FIG. 3 is a draWing of another representative display for 

providing information to a patient; 
FIG. 4 is a draWing yet another representative display for 

providing information to a patient; 
FIG. 5 is a draWing of still another representative display 

for providing information to a patient; 
FIG. 6 is a simpli?ed diagram of the an apparatus for 

employing the inventive system, according to a further 
embodiment thereof; 

FIG. 7 is a simpli?ed diagram of an apparatus for employ 
ing the inventive system, according to a further embodiment 
thereof; 

FIG. 8 is a simpli?ed diagram of an apparatus for employ 
ing the inventive system, according to a further embodiment 
thereof; 

FIG. 9 is a schematic vieW of an exemplary arrangement 
for employing the present invention; 

FIG. 10 is a schematic vieW of a second exemplary arrange 
ment for employing the present invention; 

FIG. 11 is a generaliZed diagram of the steps employed in 
updating a patient’s insulin dosage regimen according to an 
exemplary embodiment; and 

FIG. 12 is a ?owchart of the exemplary algorithm 
employed in updating a patient’s insulin dosage regimen 
according to an exemplary embodiment. 

DETAILED DESCRIPTION 

As required, detailed descriptions of exemplary embodi 
ments of the present invention are disclosed herein. However, 
it is to be understood that the disclosed embodiments are 
merely exemplary of the invention, Which may be embodied 
in various and alternative forms. The accompanying draWings 
are not necessarily to scale, and some features may be exag 
gerated or minimiZed to shoW details of particular compo 
nents. Therefore, speci?c structural and functional details 
disclosed herein are not to be interpreted as limiting, but 
merely as a providing a representative basis for teaching one 
skilled in the art to variously employ the present invention. 

Turning noW to the draWings, Wherein like numerals refer 
to like or corresponding parts throughout the several vieWs, 
the present invention comprehends a system for optimiZing 
the insulin dosage regimen in diabetes patients over timei 
such as in betWeen clinic visitsito thereby enhance diabetes 
control. 
As used herein, the term “insulin dose” means and refers to 

the quantity of insulin taken on any single occasion, While the 
term “insulin dosage regimen” refers to and means the set of 
instructions (typically de?ned by the patient’s physician or 
other healthcare professional) de?ning When and hoW much 
insulin to take in a given period of time and/or under certain 
conditions. One conventional insulin dosage regimen com 
prises several components, including a long-acting insulin 
dosage component, a plasma glucose correction factor com 
ponent, and a carbohydrate ratio component. Thus, for 
instance, an exemplary insulin dosage regimen for a patient 
might be as folloWs: 25 units of long acting insulin at bedtime; 
1 unit of fast-acting insulin for every 10 grams of ingested 
carbohydrates; and 1 unit of fast-acting insulin for every 20 
mg/dL by Which a patient’s blood glucose reading exceeds 
120 mg/dL. 

Referring to FIG. 1, Which constitutes a generaliZed sche 
matic thereof, the invention according to an exemplary 
embodiment more particularly comprises an apparatus 1 hav 
ing at least a ?rst memory 10 for storing data inputs corre 
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sponding at least to one or more components of a patient’s 
present insulin dosage regimen (Whether comprising separate 
units of long-acting and short-acting insulin, premixed insu 
lin, etc.) and the patient’ s blood-glucose-level measurements 
determined at a plurality of times, a processor 20 operatively 
connected (indicated at line 11) to the at least ?rst memory 10, 
and a display 30 operatively coupled (indicated at line 31) to 
the processor and operative to display at least information 
corresponding to the patient’s present insulin dosage regi 
men. The processor 20 is programmed at least to determine 
from the data inputs corresponding to the patient’s blood 
glucose-level measurements determined at a plurality of 
times Whether and by hoW much to vary at least one or the one 
or more components of the patient’s present insulin dosage 
regimen in order to maintain the patient’s future blood-glu 
cose-level measurements Within a prede?ned range. Such 
variation, if effected, leads to a modi?cation of the patient’s 
present insulin dosage regimen data as stored in the memory 
10, as explained further herein. Thus, the data inputs corre 
sponding to the one or more components of the patient’s 
present insulin dosage regimen as stored in the memory 
device 10 Will, at a starting time for employment of the 
inventive apparatus, constitute an insulin do sage regimen pre 
scribed by a healthcare professional, but those data inputs 
may subsequently be varied by operation of the apparatus 
(such as during the time interval betWeen a patient’s clinic 
visits). In the foregoing manner, the inventive apparatus is 
operative to monitor relevant patient data With each neW input 
of information (such as, at a minimum, the patient’s blood 
glucose-level measurements), thereby facilitating the optimi 
zation of the patient’s insulin dosage regimen in between 
clinic visits. 

It is contemplated that the apparatus as generaliZed above 
may be embodied in any of a variety of forms, including a 
purpose-built, PDA-like unit, a commercially available 
device such as a cell-phone, IPHONE, etc. Preferably, though 
not necessarily, such a device Would include data entry 
means, such as a keypad, touch-screen interface, etc. (indi 
cated generally at the dashed box 40) for the initial input by a 
healthcare professional of data corresponding at least to a 
patient’s present insulin dosage regimen (and, optionally, 
such additional data inputs as, for instance, the patient’s 
present Weight, de?ned upper and loWer preferred limits for 
the patient’ s blood-glucose-level measurements, etc.), as Well 
as the subsequent data inputs corresponding at least to the 
patient’s blood-glucose-level measurements determined at a 
plurality of times (and, optionally, such additional data inputs 
as, for instance, the patient’s present Weight, the number of 
insulin units administered by the patient, data corresponding 
to When the patient eats, the carbohydrate content of the 
foodstuffs eaten, the meal type (e. g., breakfast, lunch, dinner, 
snack, etc.). As shoWn, such data entry means 40 are opera 
tively connected (indicated at line 41) to the memory 10. 

Display 30 is operative to provide a visual display to the 
patient, healthcare professional, etc. of pertinent information, 
including, by Way of non-limiting example, information cor 
responding to the present insulin dosage regimen for the 
patient, the current insulin dose (i.e., number of insulin units 
the patient needs to administer on the basis of the latest 
blood-glucose-level measurement and current insulin dosage 
regimen), etc. To that end, display 30 is operatively connected 
to the processor 20, as indicated by the dashed line 31. 
As noted, the data entry means 40 may take the form of a 

touch-screen, in Which case the data entry means 40 and 
display 30 may be combined (such as exempli?ed by the 
commercially available IPHONE (Apple, Inc., California)). 
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8 
Referring then to FIGS. 2 through 5, there are depicted 

representative images for a display 30 and a touch-screen 
type, combined display 30/ data entry means 40 exemplifying 
both the patient information that may be provided via the 
display, as Well as the manner of data entry. 
More particularly, FIG. 2 shoWs a display 30 providing 

current date/time information 32 as Well as the patient’s cur 
rent blood-glucose-level measurement 33 based upon a con 
current entry of that data. FIG. 2 further depicts a pair of 
scrolling arroWs 42 by Which the patient is able to scroll 
through a list 34 of prede?ned choices representing the time 
of the patient’s said current blood-glucose-level measure 
ment. As explained further herebeloW in association With a 
description of an exemplary algorithm for implementing the 
invention, selection of one of these choices Will permit the 
processor to associate the measurement data With the appro 
priate measurement time for more precise control of the 
patient’s insulin dosage regimen. 

FIG. 3 shoWs a display 30 providing current date/time 
information 32, as Well as the presently recommended dose of 
short-acting insulin units 35ibased upon the presently 
de?ned insulin dosage regimenifor the patient to take at 
lunchtime. 

FIG. 4 shoWs a display 30 providing current date/time 
information 32, as Well as, according to a conventional “car 
bohydrate-counting” therapy, the presently recommended 
base (3 IUs) and additional doses (1 IU per every 8 grams of 
carbohydrates ingested) of short-acting insulin units 36 for 
the patient to take at lunchtimeiall based upon the presently 
de?ned insulin dosage regimen. 

In FIG. 5, there is shoWn a display 30 providing current 
date/time information 32, as Well as the presently recom 
mended dose of short-acting insulin units 37ibased upon the 
presently de?ned insulin dosage regimenifor the patient to 
take at lunchtime according to a designated amount of carbo 
hydrates to be ingested. As further depicted in FIG. 5, a pair of 
scrolling arroWs 42 are displayed, by Which the patient is able 
to scroll through a list of prede?ned meal choices 38, each of 
Which Will have associated thereWith in the memory a number 
(e.g., grams) of carbohydrates. When the patient selects a 
meal choice, the processor is able to determine from the 
number of carbohydrates associated With that meal, and the 
presently de?ned insulin dosage regimen, a recommended 
dose of short-acting insulin for the patient to take (in this 
example, 22 IUs of short-acting insulin for a lunch of steak 
and pasta). 

In one embodiment thereof, shoWn in FIG. 6, the inventive 
apparatus as described above in respect of FIG. 1 optionally 
includes a glucose meter (indicated by the dashed box 50) 
operatively connected (as indicated at line 51) to memory 10 
to facilitate the automatic input of data corresponding to the 
patient’s blood-glucose-level measurements directly to the 
memory 10. 

Alternatively, it is contemplated that the glucose meter 50' 
could be provided as a separate unit that is capable of com 
municating (such as via a cable or Wirelessly, represented at 
line 51') With the device 1' so as to doWnload to the memory 
10' the patient’s blood-glucose-level measurements, such as 
shoWn in FIG. 7. 
According to another embodiment, shoWn in FIG. 8, the 

inventive apparatus 1" may be combined With an insulin 
pump 60" and, optionally, a glucose meter 50" as Well. 
According to this embodiment, the processor 20" is operative 
to determine from at least the patient’s blood-glucose-level 
measurement data (Which may be automatically transferred 
to the memory 10" Where the apparatus is provided With a 
glucose meter 50", as shoWn, is connectable to a glucose 
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meter so that these data may be automatically downloaded to 
the memory 10", or is provided With data entry means 40" so 
that these data may be input by the patient) Whether and by 
hoW much to vary the patient’s present insulin dosage regi 
men in order to maintain the patient’s future blood-glucose 
level measurements Within a prede?ned range. The processor 
20", Which is operatively connected to the insulin pump 60" 
(indicated at line 61"), is operative to employ the insulin 
dosage regimen information to control the insulin units pro 
vided to the patient via the pump 60". Therefore, the proces 
sor 20" and the pump 60" form a semi-automatic, closed-loop 
system operative to automatically adjust the pump’s infusion 
rate and pro?le based on at least the patient’s blood-glucose 
level measurements. This Will relieve the burden of having to 
go to the healthcare provider to adjust the insulin pump’s 
infusion rate and pro?le, as is conventionally the case. It Will 
be appreciated that, further to this embodiment, the insulin 
pump 60" may be operative to transfer to the memory 10" data 
corresponding to the rate at Which insulin is delivered to the 
patient by the pump according to the patient’ s present insulin 
dosage regimen. These data may be accessed by the processor 
20" to calculate, for example, the amount of insulin units 
delivered by the pump to the patient over a prede?ned period 
of time (e.g., 24 hours). Such data may thus be employed in 
the present invention to more accurately determine a patient’ s 
insulin sensitivity, plasma glucose correction factor and car 
bohydrate ratio, for instance. 

Also further to this embodiment, the apparatus 1" may 
optionally be provided With data entry means, such as a key 
pad, touch-screen interface, etc. (indicated generally at the 
dashed box 40") for entry of various data, including, for 
instance, the initial input by a healthcare professional of data 
corresponding at least to a patient’s present insulin dosage 
regimen (and, optionally, such additional data inputs as, for 
instance, the patient’s present Weight, de?ned upper and 
loWer preferred limits for the patient’s blood-glucose-level 
measurements, etc.), as Well as the subsequent data inputs 
corresponding at least to the patient’s blood-glucose-level 
measurements determined at a plurality of times (to the extent 
that this information is not automatically transferred to the 
memory 10" from the blood glucose meter 50") and, option 
ally, such additional data inputs as, for instance, the patient’ s 
present Weight, the number of insulin units administered by 
the patient, data corresponding to When the patient eats, the 
carbohydrate content of the foodstuffs eaten, the meal type 
(e.g., breakfast, lunch, dinner, snack), etc. 

It is also contemplated that the invention may be effected 
through the input of data by persons (e. g., patient and health 
care professional) at disparate locations, such as illustrated in 
FIG. 9. For instance, it is contemplated that the data inputs 
pertaining to at least the patient’s initial insulin dosage regi 
men may be entered by the healthcare professional at a ?rst 
location, in the form of a general purpose computer, cell 
phone, IPHONE, or other device 100 (a general purpose 
computer is depicted), While the subsequent data inputs (e. g., 
patient blood-glucose-level readings) may be entered by the 
patient at a second location, also in the form of a general 
purpose computer, cell phone, IPHONE, or other device 200 
(a general purpose computer is depicted), and these data 
communicated to a third location, in the form of a computer 
300 comprising the at least ?rst memory and the processor. 
According to this embodiment, the computers 100, 200, 300 
may be netWorked in any knoWn manner (including, for 
instance, via the internet). Such netWorking is shoWn dia 
grammatically via lines 101 and 201. Thus, for instance, the 
inventive system may be implemented via a healthcare pro 
fessional/patient accessible Website through Which relevant 

20 

25 

30 

35 

40 

45 

50 

55 

65 

10 
data are input and information respecting any updates to the 
prede?ned treatment plan are communicated to the patient 
and healthcare professional. 

Alternatively, it is contemplated that the invention may be 
effected through the input of data via persons (e.g., patient 
and healthcare professional) at disparate locations, and 
Wherein further one of the persons, such as, in the illustrated 
example, the patient, is in possession of a single device 200' 
comprising the processor and memory components, that 
device 200' being adapted to receive data inputs from a person 
at a disparate location. FIG. 10. This device 200' could take 
any form, including a general-purpose computer (such as 
illustrated), a PDA, cell-phone, purpose-built device such as 
heretofore described, etc. According to this embodiment, it is 
contemplated that the data inputs pertaining to at least the 
patient’s initial insulin dosage may be entered (for instance 
by the healthcare professional) at another location, such as via 
a general purpose computer, cell phone, or other device 100' 
(a general purpose computer is depicted) operative to transmit 
data to the device 200', While the subsequent data inputs (e. g., 
patient blood-glucose-level measurements) may be entered 
directly into the device 200'. According to this embodiment, a 
healthcare professional could remotely input the patient’s 
initial insulin dosage at a ?rst location via the device 100', and 
that data could then be transmitted to the patient’s device 200' 
Where it Would be received and stored in the memory thereof. 
According to a further permutation of this embodiment, the 
aforedescribed arrangement could also be reversed, such that 
the patient data inputs (e. g., patient blood-glucose-level mea 
surements) may be entered remotely, such as via a cell phone, 
computer, etc., at a ?rst location and then transmitted to a 
remotely situated device comprising the processor and 
memory components operative to determine Whether and by 
hoW much to vary the patient’s present insulin dosage regi 
men. According to this further permutation, modi?cations to 
the patient’s insulin dosage effected by operation of the 
invention could be transmitted back to the patient via the 
same, or alternate, means. 

Referring again to FIG. 9, it is further contemplated that 
there may be provided a glucose meter 50'" (including, for 
instance, in the form of the device as described above in 
reference to FIG. 6) that can interface 51'" (Wirelessly, via a 
hard-Wire connection such as a USB cable, FIREWIRE cable, 
etc.) With a general purpose computer 200 at the patient’s 
location to doWnload blood-glucose-level measurements for 
transmission to the computer 300 at the third location. Refer 
ring also to FIG. 10, it is further contemplated that this glu 
cose meter 50'" may be adapted to interface 51'" (Wirelessly, 
via a hard-Wire connection such as a USB cable, FIREWIRE 
cable, etc.) With the single device 200', thereby doWnloading 
blood-glucose-level measurement data to that device directly. 

Turning noW to FIG. 11, there is shoWn a diagram gener 
aliZing the manner in Which the invention may be imple 
mented to optimiZe a diabetes patient’s insulin dosage regi 
men. 

It Will be understood that, in operation of the invention 
according to any of the several embodiments as described 
herein, there is initially speci?ed, such as by a healthcare 
professional, a patient insulin dosage regimen (comprised of, 
for instance, a carbohydrate ratio (“CHR”), a long-acting 
insulin dose, and a plasma glucose correction factor). Alter 
natively, the initial insulin dosage regimen can be speci?ed 
using published protocols for the initiation of insulin therapy, 
such as, for example, the protocols published by the American 
Diabetes Association on Oct. 22, 2008. HoWever speci?ed, 
this insulin dosage regimen data is entered in the memory of 
an apparatus (including according to any of the several 



US 8,370,077 B2 
11 

embodiment described above), such as by a healthcare pro 
fessional, in the ?rst instance and before the patient has made 
any use of the apparatus. 

Thereafter, the patient Will input, or there Will otherWise 
automatically be input (such as by the glucose meter) into the 
memory at least data corresponding to each successive one of 
the patient’s blood-glucose-level measurements. Upon the 
input of such data, the processor determines, such as via the 
algorithm described herein, Whether and by hoW much to vary 
the patient’s present insulin dosage regimen. lnforrnation 
corresponding to this present insulin dosage regimen is then 
provided to the patient so that he/ she may adjust the amount 
of insulin they administer. 

According to the exemplary embodiment, determination of 
Whether and by hoW much to vary a patient’s present insulin 
dosage regimen is undertaken both on the basis of evaluations 
conducted at prede?ned time intervals (every 7 days, for 
example) as Well as asynchronously to such intervals. The 
asynchronous determinations Will evaluate the patient’s 
blood-glucose-level data for safety each time a neW blood 
glucose-level measurement is received to determine Whether 
any urgent action, including any urgent variation to the 
patient’s present insulin dosage, is necessary. 
More particularly, each time a neW patient blood-glucose 

level measurement is received 300 into the memory it is 
accessed by the processor and sorted and tagged according to 
the time of day the measurement Was received and Whether or 
not it is associated With a certain event, e.g., pre-breakfast, 
bedtime, nighttime, etc. 310. Once so sorted and tagged, the 
neW and/or previously recorded blood-glucose-level mea 
surements are subjected to evaluation for the need to update 
on the basis of the passage of a prede?ned period of time 320 
measured by a counter, as Well as the need to update asyn 
chronously for safety 330. For instance, a very loW blood 
glucose measurement (e.g., beloW 50 mg/dL) representing a 
severe hypoglycemic event or the accumulation of several 
loW measurements in the past feW days may lead to an update 
in the patient’s insulin dosage regimen according to the step 
330, While an update to that regimen may otherWise be War 
ranted according to the step 320 if a prede?ned period of time 
(e.g., 7 days) has elapsed since the patient’s insulin dosage 
regimen Was last updated. In either case, the patient Will be 
provided With information 340 corresponding to the present 
insulin dosage regimen (Whether or not it has been changed) 
to be used in administering his/her insulin. 

Referring next to FIG. 12, there is shoWn a ?owchart that 
still more particularly sets forth an exemplary algorithm by 
Which the invention may be implemented to optimiZe a dia 
betes patient’s insulin dosage regimen. According to the 
exemplary algorithm, the insulin dosage modi?cation con 
templates separate units of long-acting and short-acting insu 
lin. HoWever, it Will be appreciated that the invention is 
equally applicable to optimiZe the insulin dosage regimen of 
a patient Where that dosage is in another conventional form 
(such as pre-mixed insulin). It Will also be understood from 
this speci?cation that the invention may be implemented oth 
erWise than as particularly described hereinbeloW. 

According to a ?rst step 400, data corresponding to a 
patient’s neW blood-glucose-level measurement is input, 
such as, for instance, by any of the exemplary means men 
tioned above, into the at least ?rst memory (not shoWn in FIG. 
12). This data is accessed and evaluated (by the processor) at 
step 410 of the exemplary algorithm and sorted according to 
the time it Was input. 
More particularly according to this step 410, the blood 

glucose-level measurement data input is “tagged” With an 
identi?er re?ective of When the reading Was input; speci? 
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12 
cally, Whether it is a morning (i.e., “fast”) measurement 
(herein “MPG”), a pre-lunch measurement (herein “BPG”), a 
pre-dinner measurement (herein “LPG”), a bedtime measure 
ment (herein “BTPG”), or a nighttime measurement (herein 
“NPG”). 
The “tagging” process may be facilitated using a clock 

internal to the processor (such as, for instance, the clock of a 
general purpose computer) that provides an input time that 
can be associated With the blood-glucose-level measurement 
data synchronous to its entry. Alternatively, time data (i.e., 
“10:00 AM,” “6:00 PM,” etc.) or event-identifying informa 
tion (i.e., “lunchtime,” “dinnertime,” “bedtime,” etc.) may be 
input by the patient re?ecting When the blood-glucose-level 
measurement data Was taken, and such information used to 
tag the blood-glucose-level measurement data. As a further 
alternative, and according to the embodiment Where the 
blood-glucose-level measurement data are provided directly 
to the memory by a glucose monitor, time data may be auto 
matically associated With the blood-glucose-level measure 
ment data by such glucose monitor (for instance, by using a 
clock internal to that glucose monitor). It is also contemplated 
that, optionally, the user/patient may be queried (for instance 
at a display) for input to con?rm or modify any time-tag 
automatically assigned a blood-glucose-level measurement 
data-input. Thus, for instance, a patient may be asked to 
con?rm (via data entry means such as, for example, one or 
more buttons or keys, a touch-screen display, etc.) that the 
most recently input blood-glucose-level measurement data 
re?ects a pre-lunch (BPG) measurement based on the time 
stamp associated With the input of the data. If the patient 
con?rms, then the BPG designation Would remain associated 
With the measurement. Otherwise, further queries of the 
patient may be made to determine the appropriate time des 
ignation to associate With the measurement. 

It Will be understood that any internal clock used to tag the 
blood-glucose-level measurement data may, as desired, be 
user adjustable so as to de?ne the correct time for the time 
Zone Where the patient is located. 

Further according to the exemplary embodiment, the vari 
ous categories (e.g., DPG, MPG, LPG, etc.) into Which the 
blood-glucose-level measurement data are more particularly 
sorted by the foregoing “tagging” process are as folloWs: 
NPGiThe data are assigned this designation When the 

time stamp is betWeen 2 AM and 4 AM. 
MPGiThe data are assigned this designation When the 

time stamp is betWeen 4 AM and 10 AM. 
BPGiThe data are assigned this designation When the 

time stamp is between 10 AM and 3 PM. 
LPGiThe data are assigned this designation When the 

time stamp is betWeen 3 PM and 9 PM. 
BTPGiThe data are assigned this designation When the 

time stamp is betWeen 9 PM and 2 AM. If the BTPG data 
re?ect a time more than three hours after the patient’s 
presumed dinnertime (according to a prede?ned time 
WindoW), then these data are further categoriZed as a 
dinner compensation blood-glucose-level (herein 
“DPG”). 

According to the employment of a time stamp alone to 
“tag” the blood-glucose-level data inputs, it Will be under 
stood that there exists an underlying assumption that these 
data Were in fact obtained by the patient Within the time 
stamp WindoWs speci?ed above. 

Per the exemplary embodiment of the invention, if the time 
stamp of a blood-glucose-level measurement data-input is 
less than 3 hours from the measurement that preceded the last 
meal the patient had, it is considered biased and omitted 
unless it represents a hypoglycemic event. 
















