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(57) Abrégé/Abstract:
A method of managing insulin includes receiving blood glucose measurements (BG) on a computing device (112, 132, 142) from a
glucometer (124). The blood glucose measurements are separated by a time interval (T, ). The method includes determining,

using the computing device, an insulin dose rate (IRR) based on the blood glucose measurements and determining a blood
glucose drop rate (BGDrOpRate) based on the blood glucose measurements and the time interval. The method also includes
determining a blood glucose percentage drop (BG,, ) based on the blood glucose measurements. The method includes
decreasing the time interval between blood glucose measurements by the glucometer when the blood glucose drop rate is greater
than a threshold drop rate (BGDrOpRateLimit), and decreasing the time interval between blood glucose measurements by the
glucometer when the blood glucose percentage drop is greater than a threshold percentage drop (%Drop, ., imit)-
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(57) Abstract: A method of managing insulin includes receiving blood glucose measurements (BG) on a computing device (112,
132, 142) from a glucometer (124). The blood glucose measurements are separated by a time interval (T nex). The method includes
determining, using the computing device, an insulin dose rate (IRR) based on the blood glucose measurements and determining a
blood glucose drop rate (BGproprate) based on the blood glucose measurements and the time interval. The method also includes de-
termining a blood glucose percentage drop (BGenrr) based on the blood glucose measurements. The method includes decreasing the
time interval between blood glucose measurements by the glucometer when the blood glucose drop rate is greater than a threshold
drop rate (BGoroprateLimiz), and decreasing the time interval between blood glucose measurements by the glucometer when the blood
glucose percentage drop is greater than a threshold percentage drop (%Droprowtimit)-
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Insulin Management

TECHNICAL FIELD
{6061} This disclosure relates to a system for managing insulin administration or

nsulin dosing.

BACKGROUND
13302} Today, nearly 40% of patients adrmitted to acute care hospitals in the United
States experience cither hyperglycemia or hypoglycemia, both serious medical
conditions. Many of these patients have diabetes while others have fluctuating blood
sugars due to trauma, drug reactions, stress and other factors. Nurses and doctors
managing these paticnts manually calculate insulin doses using complex paper protocols.
188631 Manual calculation may not be accurate due to human error, which can lead to
patient safety issues. Different institutions use multipie and sometimes conflicting
protocols to manually calculate an insulin dosage. Moveover, the protocols may include
extra paperwork that nurses and physicians have to manage, which in turn leads to
worktlow wmefficiencies, additional operating costs, and eroployee satisfaction issues.
SCIP (Surgical Care Improvement Project) scores, length of stay, readmission and even
mortality rates adversely affect sub-optiraal glycemic management.
EHEEEY The prevalent method of regulating continuous intravenous insulin infusion is
by using a set of writien instructions, known as 4 paper protocol. Paper protocoels often
involve a tree of conditional statements and some use of tables of numbers, for which a
given blood glucose value dictates the use of a different column of insulin rates. The
complexity of these paper protocols maltiplies the probability of ervor by the nurses using

them. These errors can lead to hypoglycemic ovenis.

SUMMARY
[6605] One aspect of the disclosure provides a method of managing insulin. The
method jucludes receiving blood glucose measurements on a computing device from a
ghicometer. The blood glucose measurements are separated by a time interval. For cach

time 1oterval, the method includes determining, using the computing device, an
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intravenous insulin infusion rate based on the blood glucose measurements of the time
interval. The method further includes determining, using the computing device, a blood
glucose percentage drop based on the blood glucose measurements (e.g., between a
current blood glucose measurement and a previous blood glucose measurement). The
method optionally further includes determining, using the computing device, a blood
glucose drop rate based on the blood glucose measurements and the time interval. The
method also optionally includes decreasing the time interval between blood glucose
measurements by the glucometer when the blood glucose percentage drop is greater than
a threshold percentage drop and decreasing the time interval between blood glucose
measurements by the glucometer when the blood glucose drop rate is greater than a
threshold drop rate. The method optionally further includes sending the intravenous
insulin infusion rate from the computing device to an insulin administration device.
[0006] Implementations of the disclosure may include one or more of the following
optional features. In some implementations, the method includes setting the time interval
between the blood glucose measurements by the glucometer to a default time interval or a
minimum of a preconfigured hypoglycemia time interval when a current blood glucose
measurement is less than a threshold hypoglycemia blood glucose value. The method
includes setting the time interval to a minimum of a preconfigured short time interval
when the current blood glucose measurement is greater than the threshold hypoglycemia
blood glucose value and less than a lower limit of a blood glucose target range and the
blood glucose percentage drop is greater than a low blood glucose percentage drop limit
or the current blood glucose measurement is greater than or equal to the lower limit of the
blood glucose target range and the blood glucose percentage drop is greater than a regular
blood glucose percentage drop limit. In some examples, the method includes setting the
time interval to a minimum of a preconfigured blood glucose drop rate time interval when
the blood glucose drop rate is greater than a blood glucose drop rate limit, a
preconfigured long time interval when the blood glucose measurements have been within
the blood glucose target range for a duration of time greater than a stable time period or a
preconfigured meal bolus time interval when a meal bolus program is in operation. The
preconfigured hypoglycemia time interval is less than the short time interval, the short

time interval is less than the blood glucose drop rate time interval, the blood glucose drop
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rate time interval is less than the Jong time interval, and the meal bolus time interval is
fess than the loug tivae jnterval.

[8G07] in some examples, the method inchudes leaving the multiplier unchanged
between time intervals when the current blood ghucese mcasurcment 18 greater than an
upper limit of a blood ghicose target range and a ratio of the current blood ghucose
measurement divided by g previous blood glucose measurerment is less than or cqual to a
threshold ratio, The method further includes roultiplying the wuliiplier by a change
factor when the current blood glucose measurement divided by the previcus blood
glucose measurement is greater than the threshold ratio. Additionally or alternatively, the
method may include the constant being equal to 60 mg/dl and the threshold ratio heing
equal to 0.85. The method may further include dividing the multiplier by the change
factor when the current blood glucose measurement is less than a lower limit of the blood
glucose target range.

[ B68] The method may further include, in response to recetving an indication of
patient solid food consumption, increasing the intravenous insulin infusion rate and
maiotaining the roultiplier unchanged for at least two time infervals. o soroe exaraples,
the method includes receiving, at the computing device, a number of estimated grams of
carbohydrates for a meal and determining, usiog the computing device, an estimated meal
bolis in units of insulin based on the number of estimated grams of carbohydrates and a
carbohydrate-insulin-ratio. The method may further include determining, using the
computing device, an cstimated meal bolus inaulin rate, based on the ¢stimated moal
bolus, an available delivery time, and a configurable constant, and determining, using the

computing device, a total insulin rate as a sum of the intravenous insulin rate and the

estimated meal bolus insulin rate. The method may further include sending the total
insulin rate from the computing device to the msulin administration device. Additionally
or alternatively, the method may include dividing a total meal time into meal time sub-
intervals, a first meal time sub-interval starting with a pre-meal blood glucose
measurement before receiving the mdication of patient solid food consumption, and
determining, using the computing device, the total insulin rate for cach meal time sub-

interval in succession.
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00691 In some examples, the method includes receiving, at the computing device, a
number of actual grams of carbohydrates for the meal during a subsequent time interval
after the first time interval and determining, using the computing device, an actual meal
bolus based on the number of actual grams of carbohydrates. The method also includes,
determining an estimated delivered meal bolus by multiplving the estimated meal bolus
rate times gn clapsed delivery time. The method may further include determining &
remaining meal bolus 1o units of 1nsulin, using the computing device, by sublracting a
product of the estimated delivered meal bolus insulin rate and an actual delivery time
from the actual meal bolus, In addition, the method may include determining, using the
computing device, a revised meal bolus insulin rate as the remaining meal bolus divided
by a time remnaining in the total meal time and determining, using the computing device,
a revised total insulin rate as a sum of the intravenous insulin rate and the revised meal
bolus insulin rate. Further, the method may include sending the revised total insulin rate
from the computing device to the insulin administration device. The method may also
include decreasing the time interval to less than the default time interval for the one or
meore meal tivoe sub-tntervals.

[6¢18] in some implementations, the method inchudes electronically displayingon a
display in communication with the computing device a warning and blocking transition to
a subcutancous administration of insulin when the current blood glucose measurement i
outside a stability target range and clectronically displaying on the display a warning
whon the current blood ghucose measurcment is within the stability target range for loss
than a threshold stability period of timne. The method may further include determming,
using the computing device, a total daily dose of insulin based on the multiplier when the
current blood glicose measurement is within a stability target range for g threshold
period of time. The method further includes determining, using the computing device,
recommended insulin dose comprising a daily basal insulin and a daily meal insulin for
subcutaneous therapy as an apportioning of the total daily dose of insulin, wherein the
datly basal insulin is half of the total daily dose of insulin and the daily weal insulin is
half of the total daily dose of insulin. Further, the method mcludes sending the

recormmended insulin does from the computing device to a subeutaneous injection device
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or clectronically displaying the recommended insulin doses on a display in
communication with the computing device,

6611 in some examples, when the blood glucose drops more than a threshold
percent of its previous value, the method includes decreasing the time mterval. This
threshold percent is configured with two values: 1) a lower {more senstiive) value when
the blood glucosc 1s below the low limit of the target range but above the hypo-threshold;
and 2} a higher (less stringent) value when the blood glucose 18 above the low himit of the
target range. The method may inclade setting the time interval to a hypoglycemia time
mterval of between about 15 moinutes and about 30 minutes when the current blood
glucose measurcment 18 below the hypo-threshold blood glucose level.

8012} Implementations of the disclosure may mnclude one or more of the following
features. ln some mmplementations, the method determining the insulin dose rate using
the current blood glucose measurcment, a constant {e.g., 60 mg/dl), and a unit-less
dtiplier.

104131 The method includes adpusting the multiplier as follows: 2) mmltiplying the
multiplier by a change factor when the current blood glucose mcasurersent is greater than
an upper limit of the blood glucose target range, and the ratio of the current blood glucose
to the previeus blood ghucose is greater than a threshold-ratio; by dividing the multiplier
by a change factor when the current blood glucose measurement s less than a lower limit
of the blood glucose target range; ¢ re-use the previous nultiplier for two or more
intorvals starting at the manual initiation of a meal bolus infusion proccess; and d) Icaving
the multiphier unchanged between time intervals when nene of conditions a, b, or ¢ are
applicable.

168141 The method inchides leaving the multiplier unchanged between time intervals
when the current blood glucose measarement is greater than an upper limit of the blood
glucose target range and the blood glucose drop rate is greater than or equal to a threshold
rate of descent, and multiplying the raultiplier by a change factor when the current blood
ghicose measurement is greater than an upper limit of the blood glucose target range and
the blood glucose drop rate is less than the threshold rate of descent. Additionally or
alternatively, the method includes dividing the multiplier by a change factor when the

current blood glucose measurement is less than a lower limnit of a blood glucose target
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range and leaving the multiphier unchanged between time intervals when the current
blood ghicose measurement is within the blood ghicose target range. In some examples,
the method includes leaving the multiplier unchanged for at least two subsequent time
intervals when the current blood glucose measurernent 18 a pre-rocal measuroment.
[3¢15] in some examples, a meal bolus infusion process allows for the calculation of
mealtirne insulin for paticots consuming oral carbohydrates. These examples may
inchude leaving the multiplior vnchanged for at least two subsequent time mtervals wheo
the current biood glucose measurement 18 a pre-meal measurcnent. In somge examples,
the method includes recetving, on the cormputing device, a number of carbohydrates fora
meal and determining, using the computing device, a meal bolus rate based on the
number of carbohydrates and an intravenous insulin rate based on the blood glucose
level. In addition, the method includes determining a Total Insulin Rate inclhuding the
sum of the meal bolus rate and the intravenous insulin rate based on a blood glucose
value. The method may further include setting the time interval to about 30 minutes
immediately following the pre-meal blood glucose and for the next glucose measurement
tiroe interval. If the blood glucose measurersent is 2 second consecutive measurerent
after an initial pre-meal blood glucose measurement, the methed inchudes setting the time
interval to about 60 minutes.

[8¢16] In some implementations, the method includes decreasing the time interval
when the current blood glucose measurement is greater than or equal to the lower Himit of
the blood glucosce target range and the blood glucose drop rate execcds a threshold drop
rate. The method may also include sctting the time interval to a default value of about
one hour when the current blood glucose measurement is greater than or equal to the
lower limit of the blood ghicose target range and the bicod glucnse drop rate 18 less than
or equal 1o a threshold drop rate. The method may include setting the time interval to a
hypoglycermia time interval of between about 15 minutes and about 30 minutes, when the
current blood glucose measurement is below the lower limit of the blood glucose target
range and greater than a hypo-threshold blood glucose level.

0017} In some implementations, the method includes decreasing the time interval
when the current blood glucose measarement is below the lower limit of the blood

glucose target range and below the hypo-threshold biood glucose level, and the blood
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glucose drop rate is less than or equal to a threshold drop rate. The method may also
include setting the time interval to a default value of about one hour when the current
blood glucose measurement is below the lower limit of the blood glucose target range and
below the hypo-threshold blood glucose level, and the blood glucose drop rate is greater
than the threshold drop rate.

[0018] In some examples, the method includes receiving, on the computing device, a
number of carbohydrates per meal and determining, using the computing device, an
intravenous insulin rate. In addition, the method includes determining, using the
computing device, a meal bolus rate based on the number of carbohydrates and the
insulin dose rate based on the intravenous insulin rate and the estimated meal bolus rate.
The method may further include setting the time interval to about 30 minutes. If the
blood glucose measurement is a second consecutive measurement after an initial pre-
meal blood glucose measurement, the method includes setting the time interval to about
60 minutes.

[0019Y] In some implementations, the method includes a function to transition the
insulin delivery method from an intravenous to subcutaneous basal-bolus regimen. The
transition method provides doses and parameters for starting the patient on basal-bolus
subcutaneous treatment. The transition method includes electronically displaying on a
display a waming and blocking transition to a subcutaneous administration of insulin
when the current blood glucose measurement is outside a stability target range. In
addition, the method includes electronically displaying on the display a warning when the
current blood glucose measurement is within the stability target range for less than a
threshold stability period of time. In some examples, the method includes determining a
total daily dose of insulin based on the multiplier when the current blood glucose
measurement is within a stability target range for a threshold stability period of time.
[0020] Another aspect of the disclosure includes a system for managing insulin. The
system includes a glucometer measuring blood glucose measurements separated by a
time interval, an insulin administration device, and a dosing controller in

communication with the glucometer and the insulin administration device. The dosing
controller includes a computing device and non-transitory memory in communication

with the computing device. The non-transitory memory stores instructions that when
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executed by the computing device cause the computing device to perform operations.
The operations include receiving blood glucose measurements on a computing device
from a glucometer, the blood glucose measurements separated by a time interval. For
each time interval, the system includes determining, using the computing device, an
intravenous insulin infusion rate based on the blood glucose measurements of the time
interval and determining, using the computing device, a blood glucose percentage drop
based on the blood glucose measurements (e.g., between a current blood glucose
measurement and a previous blood glucose measurement). The system further includes
determining, using the computing device, a blood glucose drop rate based on the blood
glucose measurements and the time interval and decreasing the time interval between
blood glucose measurements by the glucometer when the blood glucose percentage drop
is greater than a threshold percentage drop. The system further includes decreasing the
time interval between blood glucose measurements by the glucometer when the blood
glucose drop rate is greater than a threshold drop rate and sending the intravenous insulin
infusion rate from the computing device to the insulin administration device.

[0021] In some implementations, the system operations further include setting the
time interval between the blood glucose measurements by the glucometer to a default
time interval or a minimum of a preconfigured hypoglycemia time interval when a
current blood glucose measurement is less than a threshold hypoglycemia blood glucose
value or a preconfigured short time interval. The minimum of a preconfigured short time
interval is set when the current blood glucose measurement is greater than the threshold
hypoglycemia blood glucose value and less than a lower limit of a blood glucose target
range and the blood glucose percentage drop is greater than a low blood glucose
percentage drop limit or the current blood glucose measurement is greater than or equal
to the lower limit of the blood glucose target range and the blood glucose percentage drop
is greater than a regular blood glucose percentage drop limit. Further, the operations
include setting the time interval between the blood glucose measurements by the
glucometer to a minimum of a preconfigured blood glucose drop rate time interval when
the blood glucose drop rate is greater than a blood glucose drop rate limit or a
preconfigured long time interval when the blood glucose measurements have been within

the blood glucose target range for a duration of time greater than a stable time period, or a
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preconfigured meal bolus time interval when a meal bolus program is in operation. The
preconfigured hypoglyeeraia time interval is ess than the short time interval, the short
time interval is less than the blood glucose drop rate time interval, the blood glucose drop
rate tume interval is less than the long time interval, and the meal bolus tirae interval s
fess than the long time interval,

8622} In some cxamples, the operations further include leaving the multiplicr
unchanged between fivae ntervals when the current blood glucose measurerient 18 greater
than an upper limit of a blood ghicose target range and a ratio of the current blood
glucose measurement divided by a previous blood glucose measurement is less than or
equal to a threshoid ratio. The systermn further includes multiplying the multiplier by &
change factor when the current blood glucose measurement 1s greater than the upper it
of the blood glucose target range and the ratio of the current blood glucose measurement
divided by the previous blood glucose measurement is greater than the threshold ratio. In
some examples, the constant equals 60 mg/dl and the threshold ratio 1s .85,

Additionally or alternatively, the operations may further include dividing the multiplier
by the change factor when the current blood glucose measurement is less than a lower
flimit of the blood glucose target range. In some implementations, the operations further
include, in response to receiving an tndication of patient solid food consumption,
increasing the intravenous insulin infusion rate and maintaining the multiplier unchanged
for at least two time intervals.

(0423} The system may further inchude receiving, at the computing deviee, a namber
of cstimated grams of carbohydrates for a meal, determining, using the computing device,
an cstimated meal bolus in units of insulin based on the number of estimated grams of
carbohydrates and a carbohydrate-<insulin-ratic and determining, using the computing
device, an estimated meal bolus insulin rate, based on the estimated meal bolus, an
available delivery time, and a configurable constant. The system may also include
deternmuning, using the computing device, a total insulin rate as a sum of the intravenous
msulin rate and the estimated meal bolus insulin rate and sending the total insulin rate
from the computing device to the insulin administration device, The systern operations
may further include dividing a total meal time into meal time sub-intervals, a first meal

time sub-interval starting with a pre-meal bolus ghucose measurement before receiving
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the indication of patient solid food consumption and determining, using the computing
device, the total insulin rate for each meal time sub-interval in succession.

[8424] in some examples, the operations further include receiving, at the computing
device, a nuraber of actual grams of carbohydrates for the meal during 8 subsequent time
interval after the first time interval, determining, using the computing device, an actual
meal bolus based on the mumber of actual graras of carbohydrates and determining a mesl
botus in units of msulin, using the computing device, by subtracting a preduoct of the
cstimated meal bolus insulin rate and an actual delivery time from the actual meal bolus.
The system may further rclude deternmuning, using the computing device, a revised meal
bolus insulin rate as the remaining meal bolus divided by a time remaining in the fotal
meal time, determining, using the computing device, a revised total insulin rate as a sum
of the mtravenous insulin rate and the revised meal bolus insulin rate and sending the
revised total insulin rate from the computing device to the insulin administration device.
The operations may further comprise decreasing the time interval to less than the default
time interval for the one or more meal time sub-intervals.

[6¢25] In some implementations, the operations include electronically displaying on a
display in communication with the computing device a warning and blocking transition to
a subcutaneous administration of tnsulin when the current blood glucose measurement is
putside a stability target range and clectronically displaying on the display a warning
when the current blood glucose measurement is within the stability target range for less
than a throshold stability poriod of time. In somc cxamples, the operations include
determining, using the computing device, & total daily dosc of insulin basced on the
mubtiplicr when the current blood glucose measurement is within a stability target range
for a threshold stability period of time. The systern alsn inchides determining, using the
computing device, recommended insulin dose including a daily basal insulin and a daily
meal insulin for subcutancous therapy as an apportioning of the total daily dose of
insulin, wherein the daily basal insulin is half of the total daily dose of insulin and the
datly roeal insulin is half of the total datly dose of insulin. The system may further
imclude sending the recommended insulin dose from the coraputing device to a
subcutaneous injection device or electronically displaying the recommended insulin

doses on a display in conununication with the computing device.
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16826} The dosing controller may determine the insulin dose rate based on the current
blood ghicose raeasurement, a constant {e.g., 60 mg/dl), and a multiplier. The dosing
controller lzaves the multiplier unchanged between time intervals when the current blood
glucose measurement i8 greater than an upper Hrtt of the blood glucose target range and
the blood glucose drop rate is greater than or equal to a threshold rate of descent. In
addition, the dosing controller multiplies the multiplicr by a change factor when the
current blood glocose measurernent is greater than an upper himit of the blood glucose
target range and the blood glucose drop rate is less the threshold rate of descent. The
dosing controller raay leave the multiplier unchanged between tivoe intervals when the
current blood gliucose measurement is less than a lower limit of the blood glucose target
range, and it may divide the multiplier by a change factor when the current blood glucose
measurement is within the blood glucose target range. In some examples, the dosing
controller leaves the multiplicr unchanged for at least two subsequent time intervals when
the current blood ghicose measurement 1s a pre-meal measurement.

166271 in some implementations, the dosing controller decreases the time interval
when the current blood glucose measurement is greater than or equal to the lower brott of
the blood glucose target range and the blood glucose drop rate exceeds a threshold drop
rate. In addition, the dosing controller sets the time interval to a default value of about
one hour when the current blood glucose measurement 18 greater than or equal to the
lower limit of the blood glucose target range and the blood glucose drop rate is less than
or cqual to a threshold drop rate. The dosing controller may sct the timc interval to a
hypeoglycermia time interval of between about 15 minutes and about 30 minutes, when the
current blood ghicose measurement is below the lower himit of the blood glucose target
range and greater than a hypo-threshold blond glucose level.

[66G28] In some examples, the dosing controlier decreases the time interval when the
current blood glucose measurement is below the lower limit of the blood glucose target
range and below the hypo-threshold blood glucose level, and the blood glucose drop rate
is less than or equal to a threshold drop rate. Moreover, the dosing controller sets the
tirae interval to a defuault value of about one hour when the current blood glucose

measurement is below the lower limit of the blood ghucose target range and below the



hypo-threshold blood glucose level, and the blood glucose drop rate is greater than the threshold
drop rate.

[0029] In some examples, the dosing controller receives, on the computing device, a number
of carbohydrates per meal, then determines, using the computing device, an intravenous insulin
rate and a meal bolus rate based on the number of carbohydrates. Furthermore, the dosing
controller determines, using the computing device, the insulin dose rate based on the intravenous
insulin rate and the estimated meal bolus rate. The dosing controller may set the time interval to
about 30 minutes. Additionally or alternatively, the dosing controller may set the time interval to
about 60 minutes if the blood glucose measurement is a second consecutive measurement after
an initial pre-meal blood glucose measurement.

[0030] In some examples, the dosing controller electronically displays on a display in
communication with the dosing controller a warning and blocks transition to a subcutaneous
administration of insulin when the current blood glucose measurement is outside a stability target
range. The dosing controller electronically displays on the display a warning when the current
blood glucose measurement is within the stability target range for less than a threshold stability
period of time. The dosing controller may determine a total daily dose of insulin based on the
multiplier when the current blood glucose measurement is within a stability target range for a
threshold stability period of time.

[0031] The details of one or more implementations of the disclosure are set forth in the
accompanying drawings and the description below. Other aspects, features, and advantages will

be apparent from the description and drawings.

DESCRIPTION OF DRAWINGS
[0032] FIG. 1A is a schematic view of an exemplary system for monitoring blood glucose
level of a patient.
[0033] FIG. 1B is a schematic view of an exemplary system for monitoring blood glucose
level of a patient.
[0034] FIG. 2A is a schematic view of an exemplary process for monitoring the blood

glucose level of a patient.
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18435} FIG. 2B is a schematic view of an exemplary display for inputting patient
information,

[8336] FIG. 2C is a schematic view of an exemplary display for selecting a patient
from a list of patients.

184371 FIG. 21 is a schematic view of an exemplary display indicating initial
intravenous dosing information,

16638} FIG. 3 15 a schematic view of an excmplary dose calculation process of FIG.
2A.

18339] FIG. 4A 15 a schematic view of an exemplary calculation of the intravenous
time interval of FIG. 2A.

{80461 FIGS. 4B and 4C are schematic views of an exemplary display showing the

time a next blood glucose measurement is due.

(0041} FIG. 4D is a schematic view of an exemplary display for inputting patient
information.
184421 FIG. 4E is a schematic view of an exemplary display of patient information

and a timer for a patient’s next blood glucose measureraent.

[6¢43] FIGS. 5A and 5B arc schematic views of an exemplary meal bolus process of
FIG. 2A,

18¢44] FIG. 5C is a schematic view of an exemplary display for inputting a patient’s
blood ghucose measurement.

[0445] FIG. 503 is a schematic view of an exemplary display of paticnt information
and a timer for g patient’s next blood glucose measurement.

13346] FIGS. 5E and 5F are schematic views of exemplary displays requesting
information from the user.

[6347] FIGS. 6A and 6B are schematic views of an exemplary subcutaneous
transition process of FIG. 2A.

18045} FIG. 6C is a schematic view of an exemplary warning to the user relating to
the patient.

{00451 FIG. 6D is a schematic view of an exemplary display inquiring whether the

patient should continue treatment or stop.
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10338 FIG. 6F is a schematic view of an exemplary display requesting information
from the vser relating to the patient.

6651 FIG. 6F s a schematic view of an exemplary display showing the
recommended dose of insulin.

188521 FIG. 6G is a schematic view of an exemplary view {o the user relating to
transitioning a patient to subcutancous delivery.

[6353] FIG. 7 15 a schematic view of an exemplary arrangement of operations for

administering insulin,

13354] Like reference symbaols m the various drawings mdicate like elements.
DETAILED DESCRIPTION
[3355] Diabetic hospital patients who eat meals often have poor appetites;

consequently, co-ordination of meal boluses and meals is difficult. Meal boluses without
meals cause hypoglycerna; meals without meal boluses cause hyperglycemia. Differcot
providers may use different methods of adjusting doses: some may use formulas of their
OWR; SON1C May use papcr protocols that are complex and difficult for the nurse to follow,
fcading to a high incidence of human error; and some may use heuristic methods. There
is no guarantee of consistency. Moreover, for diabetic patients who do not eat meals,
there 1s no currently no computerized method of tracking the patient’s status. For non-
diabetic patient who get include due to “stress hyperglycemia” when they are very sick or
undergoing surgery, there is no current method of monitoring their recovery when the
stress subsides and their need for insulin rapidly decreases. If the dose regimen does not
decrease rapidly also, hypoglycemia may result. Therefore, it is desirable to have a
clinical support system 100 (FIGS. 1A and IB) that monitors patients’ blood glucose
level.

10656} Referring to FIG. 1A and 1B, in some implementations, a clinical decision
support systemn 100 analyzes inputied paticnt condition parameters for g paticut 10 and
calculates a personalized dose of insulin to bring and maintain the patient’s blood ghucose
fevel into a target range BGyyr. Moreover, the system 10 monitors the glucose levels of
a patient 10 and calculates recommended intravenous or subcutancous insulin dose o

bring the patient’s bicod glucose into the preferred target range BGre over a
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recommended period of time, A qualified and trained healthcare professional 40 may use
the systera 100 along with clinical reasoning to determiue the proper dosing administered
to a patient 10, Therefore, the system 100 is a glycemic management tool for evaluation
a patient’s current and curnulative blood glucose value BG while taking into
consideration the patient’s information such as age, weight, and height. The system 100
may also consider other information such as carbohydrate content of meals, nsulin doses
being administered to the patient 10, ¢.g., long-acting insulbin doses for basal insulin and
rapid-acting insulin doscs for meal boluses and correction boluses. Based on those
mcasurements {that may be stored in non-transtfory memory 24, 114, 144), the system
108 recommends an intravenous dosage of insulin, glucose, or saline or a subcutancous
basal and bolus insulin dosing recommendation or prescribed dose to adjust and maintain
the blood glucose level towards a configurable {(based on the patient’s information}
physician’s determined blood glucose target range BGrr. The system 100 also considers
a patient’s insulin sensitivity or improved glycemic management and sutcomes. The
system 100 may take into account pertinent patient information such as dernographics
and previous results, leading to a more efficient use of healthcare resources. Finally, the
system 100 provides a reporting platform for reporting the recommendations or
prescribed dose(s) to the user 40 and the patient 10, Tn addition, for diabetic patients who
cat meals, the system 100 provides faster, more reliable, and more efficient insulin
administration than a huroan monitoring the insulin administration. The systern 100
reduces the probability of human crror and insures consistent treatment, duc to the
system’s capability of storing and tracking the patient’s blood glucose levels BG, which
may be used for statistical studics. As for patients who are tube-fod or do not cat meals,
the system 100 provides dedicated subprograms, which in turn provide basal msulin and
correction boluses but no meal boluses. Patients who are tube-fed or who do not cat
usually have a higher basal insulin level than patients who eat, because the carbohydrates
in the nutritive formula are accounied-for in the basal insulin. The system 100 provides a
meal-by-meal adjustment of Meal Boluses without carbohydrate counting, by providing a
dedicated subprogram that adjusts meal boluses based on the immediately preceding meal
bolus and the BG that followed it. The system 100 provides a meal-by-meal adjustment

of Meal Boluses with carbohydrate counting by providing a dedicated subprogram that
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adjusts meal boluses based a Carbohydrate-to-Insulin Ratio (CIR) that is adjusted at cach
meal, based on the CIR used at the imedistely preceding meal bolus and the BG that
followed it.

[8357] Hyperglyceria is a condition that exists when blood sugars are too high.
While hyperglycemia is typically associated with diabetes, this condition can exist in
many patients who do not have diabetes, yet have clevated blood sugar levels caused by
fraursa or stress from surgery and other comphications from hospital procedures. Insulin
therapy is used to bring blood sugar fevels back into a normal range.

{8858 Hypoglycemia may ocour at any Hme when a patient’s blood glucose level s
below a preferred target. Appropriate management of biood ghicose levels for critically
il patients reduces co-morbiditics and is associated with a decrease m mfection rates,
length of hospital stay, and death. The treatment of hyperglycemia may differ depending
ot whether or not a patient has been diagnosed with Type 1 diabetes mellitus, Type 2
dizbetes mellitus, gestational diabetes mellitus, or non-diabetic stress hyperglycemia.
The blood glucose target range BGyg is defined by a lower limit, i.¢., a low target BGps,
and an upper Hmit, i.e., a high target BGry.

[8359] Stress-related hyperglyceniia:  Patients often get “stress hyperglycerma™ if
they are very sick or apdergoing surgery. This condition requires insulin. In diabetic
patients, the need for insulin is visibly increased. In non-diabetic patients, the stress
accounts for the only need for insulin, and as the patients recover, the stress subsides, and
their need for insulin rapidly decrcascs. For non-diabetic pationts, the concorn is that
their need for msulin decreases faster than their dose regimen, leading to hypoglycerma.
13368] Diabetes Mellitus has been treated for many years with imsulin. Some
recurring terms and phrases are described below:

6061} Injection: Administering insulin by means of manual syringe or an insulin
“pen,” with a portable syringe named for its resemblance to the familiar writing
implement,

188621 Infusion: Administering insulin in a continuous manner by means of an
tnsulin pump for subcutancous insulin or an intravenous apparatus 1234, both of which

are capable of continuous administration.
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18463} Intravenous Insulin Therapy: Intravenous infusion of insulin has bee
approved by the U.S. Food and Drug Administration as an acceptable indication for use.
Intravenous infusion is the fastest of all insulin administration routes and, typically, ounly
available 1o the hospital setting. For instance, in intensive care units, the pationts may be
fed by intravenous glucose infusion, by intravenous Total Parenteral Nutrition {TPN), or
by a tube to the stomach. Patients are often given insulin 1n an intrgvenous infusion at an
insulin fusion rate 1R, The HR 15 regulated by the frequent testing of blood glucose,
typically at intcrvals between about 20 minutes and 2 hours. This is combined with a
protocol i which a new HR s compuied after each blood glucose test.

18364 Basal-Bolis Therapy: Basal-bolus therapy is a term that collectively refers to
any insulin regimen involving basal insulin and boluses of nsulin.

[6865] Basal Insulin: lnsolin that is intended to metabolize the glucose released by a
patient’s the hiver during a fasting state. Basal msulin is administered in such a way that
it maintains a background level of insulin in the patient’s blood, which is generally steady
but may be varied in a programmed manner by an insulin pump 123a. Basal insulinis a
stow, relatively continuous supply of insulin throughout the day and night that provides
the low, but present, insulin concentration necessary to balance glucose consumption
{glucose uptake and oxidation) and glucose production {glucogenolysis and
ghiconcogenesis). A patient’s Basal insulin needs are usually about 10 to 15 mU/ke/hr
and account for 30% to 50% of the total daily insulin needs; however, considerable
variation occurs based on the pationt 1.

(6866} Bolus Insulin: Insulin that 1s administered in discrete doses. There are two
main types of boluses, Meal Bolus and Correction Bolus.

188671 Meal Bolus: Taken just before a meal in an amount which is proportional o
the anticipated immediate effect of carbohydrates in the meal entering the blood directly
from the digestive system. The amounts of the Meal Boluses may be determined and
prescribed by a physician 40 for cach meal during the day, t.e., breakfast, lunch, and
dinner. Alternatively, the Meal Bolus may be calculated in an amount generally
proportional to the number of grams of carbohydrates in the meal. The amount of the
Meal Bolus is calculated using a proportionality constant, which is a personalized number

called the Carbohydrate-to-Insulin Ratio (CIR ) and calculated as follows:
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Meal Insulin Bolus = {grams of carbohydrates in the meal} / CIR {13
[6¢68] Correction Bolus CB: Injected iromediately after a blood glucose

measurement; the amount of the correction bolus is proportional to the crror in the BG
(i.¢., the bolus is proportional to the difference between the bleod ghicose measurement
BG and the patient’s personalized Target blood ghucose BGraged. The proportionality

constant is a personalized number called the Correction Factor, CF, and is calculated as

follows:
CB = (BG ~ BGryee) / CF {2)
13369] A Correction Bolus CB 5 generally adwnistered m a fasting state, after the

previgusly consumed meal has been digested. This often coincides with the time just
before the next meal.

6678 There are several kinds of Basal-Bolus insulin therapy including Insulin
Punip therapy and Multiple Dose Injection therapy:

{3871} Insulin Pump Therapy: Ao insulin pump 1234 i3 a medical device used for the
administration of insulin in the treatment of diabetes mellitus, alse known as continuous
subcutaneous insulin infusion therapy. The device includes; a pump, a disposable
reservoir for insulin, and a disposable infusion set. The pump 123a is an alternative to
wultiple daily injections of insulin by nsulin syringe or an fnsulin pen and allows for
intensive insulin therapy when used in conjunction with blood glucoese monitoring and
carbohydrate counting. The insulin pump 123a s a battery-powered device about the size
of a pager. It contains a cartridge of insulin, and it pumps the insulin into the paticnt via
an “infusion sct”, which 1s a small plastic needle or “canula” fitied with an adhesive
patch. Only rapid-acting nsulin is used.

188721 Multiple Dose Injection (M) MM involves the subentancous manual
injection of insulin several times per day using syringes or insalin pens 123b. Meal
insulin is supphied by injection of rapid-acting insulin before cach meal in an amount
proportional to the rocal. Basal insulin is provided as a once, twice, or three time daily
mjection of a dose of long-acting insulin. Other dosage frequencies may be available.
Advances continue to be made in developing different types of insulin, many of which

are used to great advantage with MDI regimens:
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18473} Long-acting insulins are non-peaking and can be injected as infrequently as
once per day. These insulins are widely used for Basal Insulin. They are admivistered in
dosages that make them appropriate for the fasting state of the patient, in which the blood
glucose is replenished by the liver to maintain a steady minimoum blood glucose level,
188741 Rapid-acting insulins act on a time scale shorter than natural insulin, They are
appropriate for boluses.

16875} in some examples, eritically Ul patients are ordered nil per os (NPO), which
means that oral food and fluids arc withheld from the patient 10, Typically these patients
19 are unconscious, have just completed an wnvasive surgical procedure, or generally
have difficulty swaliowing. Intravenous insuiin infusion is typically the most cffective
method of managing blood glucose levels in these patients. A patient 10 may be NPO
and receiving a steady infusion of intravenous glucose, Total Parenteral Nutrition, tube
feeding, regular meals that include carbohydrates, or not receiving any nutrition at all. In
cases where the patient 10 1s not receiving any nutrition, blood glucose is typically
replaced by endogencus production by the liver.

16¢76] As a patient’s condition improves, an NPO order may be lifted, alfowimg the
patient 10 to commence an oral caloric intake. In patients 10 with glycemic
abnormalities, additional insulin may be needed to cover the consuraption of
carbohydrates. These patients 10 generally reccive one-time injections of insulin in the
patient’s subcutancous tissue.

(6677} Subcutancous adminisiration of mealtime insulin in critically ill paticuts 10
can introduce & paticut safety risk if, after recciving the insulin injection, the patient 10
decides not to cat, is unable to finish the meal, or cxperiences emesis.

(60781 Continuous intravenous infusion of mealtime insulin, over a predetermined
time interval, allows for an increraental fulfillment of the patient’s yacaltime insulin
requirement, while minimizing patient safety risks. If a patient 10 decides he/she is
unable to eat, the continuous intravenous infusion may be stopped or, if a patient 1018
unable to finish the meal, the continuous intravenous infusion rate may be decreased to
compensate for the reduction in caloric intake.

[6679] The pharmacokinetics (what the body does to a drug over a period of tivoe,

which includes the processes of absorption, distribution, localization in tissucs,
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biotransformation, and excretion) and pharmacodynamics (what a drug docs to the body)
actions of insulin significantly improve when administering insulin via an intravenous
route, which is a typical method of delivery for hospitalized patients 18, The
management of prandial insulin requircments using an intravenous route can IMprove
patient safety, insulin efficiency, and the accuracy of insulin dosing. The majority of
patients who require continuous intravenous insulin infusion therapy may also need to be
fransitioned to a subcutancous insubin regimen for ongoing control of blood ghucose,
regardless of diabetes mellitus (B3M) diagnosis. Morcover, the timing, dosing, and
process to {ransition patients 10 frow a continwons intravenous route of insulin
adiministration to a subcutancous insulin regimen is complex and should be
individualized based on various patient parameters. Failure to individualize this approach
could increase the risk of severe hypoglycemia during the transition process. I not
cnough insulin is given, the patient 10 may experience acute post-transition
hyperglycemia, requiring re-initiation of a contindous intravenous insulin jnfusion.
Therefore, the clinical decision support system 100 calculates a personalized dose of
insulin to bring and maintain the patient’s blood glucose level into a target range BGrg,
while taking into consideration the condition of the patient 10,

{9986 The clinical decision support system 109 includes a glvcemic wanagement
module 50, an integration module 60, a surveillance module 70, and a reporting module
83, Each module 5@, 68, 70, 80 1s in communication with the other modules $9, 60, 70,
¥{ via a notwork 29, In some cxamples, the network 24 (discusscd below) provides
access to cloud computing resources that allows for the performance of scrvices on
remote devices instead of the specific modules 50, 68, 78, 80, The glycomic management
madile 50 executes a process 200 (e.2., an executabie instruction set) on a processor 112,
132, 142 or on the cloud computing resources. The integration module 60 allows for the
interaction of users 40 with the system 100, The integration module 60 receives
information inputted by a user 40 and allows the user 40 to retrieve previously inputted
mformation stored on a storage systern {e.g., one or more of cloud storage resources 24, a
non-transitory mernory 144 of a hospital’s electronic medical system 140, a non-
transitory memory 114 of the patient device 110, or other non-transitory storage media in

communication with the integration maodule 60). Therefore, the integration module 60
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allows for the interaction between the users 40 and the system 100 via a display 116, 146,
The surveillance module 70 considers patieut information 2082 received from a user 40
via the integration module 60 and information received from a ghicometer 124 that
measures a patient’s blood glucose value BG and deterraines if the patient 10 is within a
threshold blood glucose value BGry. In some examples, the surveitlance module 70
alerts the user 40 if a patient’s blood glucose values BG are not within a threshold blood
ghucose value BGru. The surveillance module 70 may be precounfigured to alert the user
40 of other discrepancics between expected values and actual values based on pre-
contigured parameters (discussed below). For exarople, when a patient’s blood glucose
value BG drops below a lower limit of the threshold blood glucose value BGyy. The
reporting module 80 may be in communication with at least one display 116, 146 and
provides information to the user 40 determined using the glycemic management module
50, the integration module 60, and/or the surveillance module 70, In some examples, the
reporting module 80 provides a report that may be displayed on a display 116, 146 and/or
is capable of being printed.

6081} The system 100 is configured to evaluate a glucose level and nutritional intake
of a patient 10. The system 100 also evaluates whether the patient 10 is transitioning to a
subcatancous fnsulin regime. Based on the evaluation and analysis of the data, the
system 100 calculates an insulin dose, which 1s administered to the patient 10 to bring
and raintain the blood glucose level of the patient 10 into the blood ghucose target range
BGre. The systom 100 may be applicd to various devices, including, but not limited o,
mtravenous infusion puraps 123a, subcutancous insulin infusion pumps 123a,
ghucometers, continnous glucose monitoring systems, and ghicose sensors. in some
implementations, as the system 100 is monitoring the patient’s blend glucose values BG
and the patient’s insulin intake, the systern 100 notifics the user 40 if the patient 10
receives more than 500 units/hour of insulin because the system 100 considers these
patients 10 {o be insulin resistant.

10082} In some examples the clinical decision support system 100 includeas a network
20, a patient device 110, a dosing controller 160, and a service provider 130, The patient
device 110 may include, but is not limited to, desktop computers or portable electronic

device (¢.g., cellular phoune, smartphone, personal digital assistant, barcode reader,
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personal computer, or a wireless pad) or any other electronic device capable of sending
and receiving information via the network 20.

[8¢83] The patient device 110 includes a data processor 112 {e.g., & computing device
that cxecutes instructions), and non-transitory memory 114 and a display 116 (c.g., touch
display or non-touch display) in communication with the data processor 112, In some
exarnples, the patient device 110 includes a keyboard 118, speakers 212, microphones,
mouse, and 8 camera,

[6084] The service provider 130 may inchude a data processor 132 in commumication
with nou-transitory memory 134, The service provider 130 provides the patient 10 with a
process 200 (sec FIG. 2) {e.g., a mobile application, a web-site application, or a
downloadable program that includes a sct of instructions) executable on a processor 112,
132, 142 of the dosing controller 160 and accessible through the network 20 via the
patient device 110, intravenous infusion pumps 123a, hospital electronic medical record
systems 140, or portable blood glucose measurement devices 124 (e.g., glucose meter or
ghicometer). Intravenous mfusion pumps infuse fluids, medication or nutrients into a
patient’s circulatory system. Intraveuous infusion pamps 1232 may be used
intravenously and, in some instances, subcutancous, arterial and epidural infusions are
used. Intraveoous infusion pumps 123z typically administer fluids that are expensive or
unrcliable if administered manually {¢.g., using & pen 123b) by a nurse or doctor 40,
Intravenous mfusion pumps 123a can administer a 0.1 mi per hour injection, injections
cvery minute, injoctions with repeated boluses requested by the pationt, up to a maximum
nurmber per hours, or flinds whose volumes vary by the time of day.

{GRS] In some implementations, an clectronic medical record system 140 1s located
at a hospital 42 {or a doctor’s office) and includes a data processor 142, a non-transitory
memory 144, and a display 146 (¢.g., touch display or non-touch display). The transitory
memory 144 and the display 146 are in commmunication with the data processor 142, In
some examples, the hospital electronic medical systern 140 includes a keyboard 148 in
communication with the data processor 142 to allow a user 40 to juput data, such as
paticnt information 2084 (FIGS 2A and 2B). The non-transitory memory 144 maintains
patient records capable of being retrieved, viewed, and, in some examples, modified and

updated by authorized hospital personal on the display 146.
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18886} The dosing controller 160 is in communication with the ghuicometer 124 and
includes a coroputing device 112, 132, 142 and von-trausitory memory 114, 134, 144 in
communication with the computing device 112, 132, 142, The desing controlier 160
execuies the process 200. The dosing controller 160 stores patient related information
retrieved from the glucometer 124 to determine an insulin dose rate IRR based on the
recetved blood glucose messurement BG.

[6487] The vetwork 20 may inctade any type of network that allows sending and
receiving communication signals, such as a wircless telecommunication network, a
cellular telephone network, a time division multiple access (TDMA) network, a code
division multiple access {COMA) network, Global system for mobile communications
(GSM), a third generation (3G) network, fourth generation (4G) network, a satellite
communications network, and other communication networks. The network 20 may
include one or more of 8 Wide Arca Network (WAN), a Local Arca Network (LAN), and
a Personal Area Network (PAN}. In some examples, the network 20 includes a
combination of data networks, telecommunication networks, and a combination of data
and telecommunication networks. The patient device 110, the service provider 130, and
the hospital electronic medical record systern 140 communicate with each other by
sending and recetving signals (wired or wireless) via the network 20, In some examples,
the network 20 provides aceess fo cloud computing resources, which may be elastic/on-
demand computing and/or storage resources 24 available over the network 20, The term
“cloud’ scrvices generally refors to a service poerformed not locally on a user’s dovice, but
rather delivered from one or more remote devices accessible via one or more networks
28.

[HLEY Referring to FIGS. 1B and 2A-2C, the process 200 receives pararacters {e.g.,
paticnt condition pararmcters) inputted via the client device 110, the service provider 134,
and/or the hospital system 140, analyzes the inputted parameters, and determines a
personalized dose of insulin to bring and maintain a patient’s blood glucose level BG into
a preferred target range BGrwg.

[008%] In some implementations, before the process 200 begins to receive the
parameters, the process 200 may receive a username and a password (e.g., at a login

screen displayed on the display 116, 146) to verify that a qualified and trained healtheare
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professional 49 is initiating the process 200 and entering the correct information that the
process 200 needs to accurately adwinister insolin to the patient 10. The system 100 may
customize the login screen to allow a user 40 to reset their password and/or usermname.
Moreover, the system 100 may provide a logout button {not shown) that allows the user
44 to log out of the svstem 100, The logout button may be displayed on the display 116,
146 st any time during the cxecution of the process 200,

16096} The clinical decision support sysiera 100 may mnclude an alarm system 129
that alerts a user 40 when the patient’s blood ghucose level BG is outside the target range
BGre. The alarm systern 120 may produce an audible sound via speaker 122 m the form
of a beep or somce like audio sounding mechanism. In some cxampies, the alarm system
120 displays a warning message or other type of indication on the display 116 of the
patient device 110 to provide a warning message. The alarm system 120 may also send
the audible and/or visual notification via the network 20 to the hospital systerm 140 (or
any other remote station) for display on the dispiay 146 of the hospital systern 140 or
played through speakers 152 of the hospital system 140,

16491 The process 200 prompts a user 40 to input patient information 208a at block
208. The user 40 may input the patient information 208a, for example, via the user
device 110 or via the hospital electronic medical record systems 140 located at a hospital
42 {or a doctor’s office). The user 40 may input new patient information 2084 as shown
in FI1G. 2B or retrieve previously stored patient information 208a as shown in FIG. 2C.

In some implementations, the proceas 200 provides the user 40 with a pationt list 209
(F1G. 2C) where the uscr 40 selects one of the patient namcs from the patient list 209,
and the process 200 retrieves that patient’s information 20Ka, The process 200 may allow
the user 40 1o filer the patient list 209, e.p., alphabetically {(first name or last name}, by
location, paticnt identification. The process 200 may retrieve the patient information
208a from the non-transitory memory 144 of the hospital’s electronic medical system 140
or the non-transitory memory 114 of the patient device 118 {e.g., where the patient
mformation 208a was previously entered and stored}. The patient information 208a may
imclude, but is not limited to, a paticnt’s name, a patient’s identification number (ID), a
patient’s height, weight, date of birth, diabetes history, physician name, emergency

contact, hospital unit, diagnosis, gender, room number, and any other releovant
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information. In some cxamples, the diagnosis may include, but is not limited to, burn
patients, Coronary artery bypass patients, stoke patients, diabetic ketoacidosis {DKA)
patients, and trauma patients. After the user 40 completes inputting the patient
inforration 208a, the process 200 at block 202 determines whether the patient 10 is
being treated with an intravenous treatment module by prompting the user 40 {c.g., on the
display 116, 146) to input whether the patient 10 will be treated with an intravenous
freatment module. If the patient 10 will not be ircated with the intravenous trestroent
module, the process 200 determines at block 210 whether the patient 10 will be treated
with a subcutancous treatment module, by asking the user 40 {¢.g., by prompting the user
40 on the display 116, 146). It the user 40 indicates that the patient 10 will be treated
with the subcutancous treatment, the process 200 flows to block 216, where the user 40
enters patient subcutancous information 216a, such as bolus insulin type, target range,
basal insulin type and frequency of distribution {¢.g., 1 does per day, 2 doses per day, 3
doses per day, etc.), patient diabetes status, subcutaneous type ordered for the patient
(e.g., Basal/Bolus and correction that is intended for patients on a consistent carbohydrate
diet, or Basal and correction that is intended for patients who are NP(O or on continuous
enteral feeds), frequency of patient blood ghucose measurements, or any other relevant
tnformoation. In some implementations, the paticot subcutaneous information 216a is
prepopulated with default parameters, which may be adjusted or modified. When the
user 40 enters the patient subcutancous mformation 216, the subcutancous prograr
begins at block 226, The process may deicrmine whether the pationt 10 is being treated
with an intravenous treatrnent or a subcutancous treatment by prompting the user 40 to
select between two options (e.g., a button displayed on the display 116, 146}, one being
the intravenous freatment and the other begin the subcutancous freatment.

(6092} in some implementations and referring back to block 202, if the process 260
deternmines that the patient 10 will be treated with the intravenous treatment module, the
process 200 prompis the user 40 at block 204 for setup data 204a, such as patient
parameters 204a relevant to the intravenous treatment mode. In some examples, the
paticnt parameter 204a relating to the intravenous treatment may be prepoepulated, for
example, with default values that may be adjusted and modified by the user 40. These

patient parameters 204a may include an insulin concentration (i.¢., the strength of insulin
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being used for the intravenous dosing, which may be measured in units/milliliter), the
type of insulin and rate being adwministered to the patient, the blood glucose target range
BGrp, the patient’s diabetes history, a number of carbohydrates per meal, or any other
relevant information. In some iraplementations, the type of insulin and the rate of insulin
depend on the BG of the patient 10, For example, the rate and type of insulin
administered to a patient 10 wheu the blood glucose value BG of the patient 10 is greater
or equal to 250ragl/dl may be different than the rate and type of wsubin administered to
the patient 10 when the blood ghicose valuc BG of the patient is greater than 250mib/dL
The blood glucose target range BGrw may be a configurable parameter, customized based
on various patient factors. The blood glucose target range BGyg may be himited to 40
mg/dl {c.g.. 100-140 mg/dl, 140-180 mg/dl. and 120-160 myp/dl}.
6693 After the wser 40 inputs patient parameters 204a for the intravenous treatment
at block 204, the process 200 prompts the user 40 to input the blood glucose value BG of
the patient 10 at block 206. The blood glucose value BG may be manually inputted by
the user 40, sent via the network 20 from a glucometer 124, sent clectronically from the
hospital information or laboratory system 140, or other wircless device. The process 200
determines a personalized insulin dose rate, referred to as an insulin infusion rate [iR,
using the blood glucose value BG of the patient 10 and a dose caleulation process 300.
18494 In some implementations, the process 200 executes on the processor 112, 132,
142 the following imstruction set. Other instructions are possible as well.

{

Sthis->load->helper(formula');

SPatientiD = $this->mput->post{"Patientdd™);
$CurrentBG = bthis->input->post{"iv_bg input™};
SPremeal = $this->input->posi("pre_meal"y;
SEstCarbs = $this->input->post{"carbs");
$CancelPreMeal = Sthis->input->post{"CancelPreMeal™);
SPatientEat = §this->input->post("patient_cat™);
SActualCarbs =

SMealBolus = $this->input->post{"McalBolus™),
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$LastBGData,

SMealBolusCount =0

$LastBGData = $thig->iv->GetLastiVBG{SPaticutiD);
SPreviousBG = $LastBGData->BGVahue,
SPreviousBGRate = $LastBGData->InsulinRate;

$1ir_resulis = $this->Calculate IR ($Patientl D, $CurrentBG,
SEstCarbs);

$MealBolusDose =0,

$iir = $iir results{"iir");
Smultiplier = Bur results]"multiplier™};
$ActualCarbs =1

$PostPlateCheck = false;

SMinutesInTransition = $this->tv-

>GetTransitionMimutesinTransition{ $PatientlD);

$StartingMultiplier = SLastBGData->SensitivityFactor;

>ActualNumberOfCarbs == 15)

{SLastBGCarbsGiven = true;}

{$LastBGCarbsGiven = false;}

Hf{$PatientEat == 0 && $EstCarbs>0 && $Premcall= 1)

;
!

$MealBolusData = $this->iv-

>CGetCurrentMeal BolusInfo(BPatientiDy;

if{$MealBolusData ["NumCount" <2}
§
L

i

$CancelPreMeal = "yes";
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if{$Premeal =="1")

{
$MeaiBolus = 1;
$ActualCarbs = 0;
$MealBolusCount = (;
t

{
$MealBolus = 1;

$EstCarbs = SLastBGData->EstNumberO{fCarbs:

Pmeal cat = Sthis->input->post("meal _cat”);

if$meal ecat=="mput")

{$ActualCarbs = $this->input->post("meal eat input vai");}
else

($ActualCarbs = Pmeal ecat/100*$EstCarbs; }

$Timelnterval = $LastBGData->Timeloterval ;

$MealBolusCount = 1;

if{$ ActnalCarbs ==0)
{$McalBolus = 0;}

$MealBolusData = $this->1v-
>GetCurrentMesl Bolusinfo($PatientiD);
if ($MealBolusData]"NumCount"} > 0 &&

SMealBolusData] "NumCount™ <=2}
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{
$MealBolus =1
$EstCarbs = $MealBolusData]"EstNumberofCarba"];
$ActualCarbs =

SMealBolusData["ActualNumberofCarbs"];
$MealBolusCount = $MealBolusData] "NumCount™};

H{BMealBolusData]"NomCount"] <2)
{
FTimelnterval = Sthis->tv-
>getPostPlateCheckinterval{$PatientiD);
$PostPlateCheck = true;

Y
5
else
,
1
$Timelnterval = SMealBolusDrata] " TimelInterval"} ;
)
5

—

1

iH{$CancelPreMeal=="yes"

{$MealBolus =0;}

1f{$MealBolus ==1)
{
1f($?l‘€mcai =11 ”)
¢
!

Smultiplicr = 3LastBGData->SensitivityFactor;
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i

EMRB = Sthis->CalculateMealBolusTTIR{SPatientl 3, $CurrentBG,
$EstCarbs, $ActualCarbs, $LastBGData, Smultiplier, $MealBolusCount, $Timelnterval ;

if ($PostPlateCheck)

{$ActualCarbs = 0;}

$uir = round{ $MB[01. 1}

$MealBolusDose = round($MB[2].2};

H{$McalBolusDose == 0.00)

{fMealBolusBose = 0.01;}

Sitr_display = §iir;

[P

H{§this->default->InsulinUnitOfMeasure 1= "units/hr')

;
$iir display = Sitr_display/$LastBGData->lnsalinConcentration;
$iir = Siir/$LastBGData->InsulinConcentration;

H

// settings
Shospital scttings = Sthis->paticnt-

>GetHospitalUnitinfoByHospital UnitiD(SLastBGData->Hospital UnitiD ),

/get the value from configurable option

S$HypoTreatmentValue= is_numeric{Sheospital setlings-
>HypoTreatment)?$hospital _settings->HypoTreatment:60;

SStoplnsulinBGValue = $this->systemsettings-
>(lobalSetting("StopInsulinBGValue™),

H{
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($StoplnsulinBGValue > $LastBGData->TargetLow)
)
{$8topinsnlinBGValue = $LastBGData->Targetlow: }
/AT TR gets this high, stop!!!
SStopinsulinRecommendation =
getUneField("StophasulinRecVahue","xStopInsulinReccommendation”,"Sto

pinsulinRectD", Shospital scttings->StopinsulinRecommy;

Sdefault iir limit = $this->options-

11 1]

>ListData{"Warning_IRGreaterThanValue","xWarning R GreaterThan","Warning IRGr

caterThanID =" . Shospital settings->DisplayWarmn . ™" truc)-
>Warning IRQreaterThanValue;
$ShowHighRateWarning = ($iir >= $defanlt iir limity;

SHighRateLimit = Sdefault iiv Hwiy;

SshowinsulinResistance = false;

$showID30 = false;

SshowHTF = false;

Sstoplnsulin = false;

$D50 =10

HSCurrent BG >= 250}

{

SshowlinsulinResistance == $this->iv-

>CheckifinsulinResistance($PatientD);

t

tf ( ($CurrentBG <= $HypoTreatmentValue) && ($CurrentBG <
SLastBGData->TargetLow) )
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$0350 = (100-$CurrentBGY*( 4,

$0350 = round(3D30, 0);

/HR for D30 is always 0

$itr =0

$uir display = @;

if (§CurrentBG <= $HypoTreatmentValue)
t

$showD30 = true;

else

i ($CurrentBG > 60)

{
$showHTF = true;

Sstopinsulin = $show D30 || { $Current BG<=88topInsulinBGValue &&
$CurrentBG < SLastBGData->TargetLow));

SshowliR = (1{(SshowD50 || $showHTE ));

GshowDIS0Dupe = false;

H{SshowDA0 && $LastBGData->BGID > )

{
if{
{$LastBGData->MinutesFromLastBG<20) &&
($LastBGData->BGValue < $CurrentBG)
)
{
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$showD50 = false;
$showDS0Dupe = true,
Siir = O

SD3G =10

e

"

Hi $stoplnsulin}

{Siir = "0"}

SUseGTFluid = $this->UseGTFluid ($PatientlD, SCurrentBG),
SBGData = array{
"ActualCarbs"=>$ActualCarbs,
"EnableFluidManage” => Shospital_settings-
>EnableFlnidManage,
FhitdType' => ($UseGTFluid)/$LastBGData-
>Over? 30Fuid: $LastBGData->Under2 30F luid,
FloidRate’ => ($UseGTFIuid)?$ LastBGData-
>Over230Rate: $LastBGData->Under250Rate,

"TnsulinRate’ = Biir,

‘SensitivityFactor' => Smultiplicr,

PS0W => §D50,

PatientEat'=>%PatientEat,

‘MealBolusDose' => $MealBolusDose,

"CreateDate” => getOneField("dbo finGluDateTime(}", "Paticnts”,
"PatientlD", $PaticotiD)

)5

H{$stoplnsulin)

{
%
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$itr = 0:%iir display = 0;
3
5
SShowWarningContactPhysician= {$iir >= $StoplnsulinRecommendation
&& $StopInsulinRecornmendation!="");

H{$ShowWarningContactPhysician)

{
|8
EshowHighRate Warning =false;
$iir = $StopinsulinRecommendation;
$ire_display = $StopInsulinRecommendation;
$BGData"InsulinRate™] = $8topinsulinRecommendation;
$BGDatal" SensitivityFactor™] = $StartingMultiplier;
!
S

$SamelIR = false;
i#{§PreviousBGRate == $iir_display){

$SamelIR = true;

()

Sdata= array(
"'t => $iir,

1

"itr display"=>%iir _display,
"InsulinUnitOfMceasure” => $this->dcfault-
>InsulinUnitOfMeasure,
"showlnsulinResistance” => $showinsulinResistance,
"show530"=>%showidsd,
"showX50Dupe”=>8showDS0Dupe,
"showHTF"=>8showHTF,
"showlIR"=>8showlIR,
"stopinsulin"=>§stopinsulin,
"D50"=>3$D50,
"HypoTreatmentValue"=>8HypoTreatment Value,

ProvDSOW' => $LastBGDats->DS5S0W,
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"LastBGData" => $LastBGData,

"default" => Sthis->default,

"SecondNurseVerification” => $hospital settings-
>EnableSecondNurseVer,

"ShowHighRateWarning” => $ShowHighRateWarning,

"HighRateLimit" => §HighRateLimit,

"ShowWarningContactPhysician” =>
$ShowWarningContactPhysician,

'BGData=>8BGData,

‘SamcHR'=>885amelIR,

PatientEat=>%PatientFat,

"IsDistiouel V" =>$MinutesinTransition>=240%true:false,

‘EnableHypoglycerniaMessage'=>Shospital settings-

>EnableHypoglycemiaMessage,

‘MinutesFromLastBG' => $LastBGData->MinutesFromLastBG,

HypoglycemiaMessage'=>$hospital settings-
>HypoglycemiaMessage,

LastBGCarbsGiven' =>$LastBGCarbsGiven,

TV DiscontinucRecormm' => §this->iv-
>IVDigcontinueRecommySPatientID, $iir),

'ArcLastFourinsulinRatesLow' => $this->iv-
>ArcLastFourlnsulinRatesLow{($PatientID, $iir)

%

//Loading History Data

$UseriDd = Sthis->session->userdatallogged m'|['UserlD']

if{($datal"showlIR" )
{
$DosageAmount = Sdata["iir_display”};

$Dosagelabel =

dealWithInsulinMeasurcment(Sdata]"InsulinUnitOfMeasure™], $data["iir_display™]);

(5]
W
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H
{$datal "showD30"])

¢
1

H{$EnableHypoglycemiaMessage == 1)
{
$DosageAmount = "null™;

$Dosagelabel = "Stop Insulin Infusion”;

¢
else
{
$DosageAmount = D50,
$Dosagelabel = "D30 or 12-15 Grams of Carbs™,
}

{

//if $DosageAmount is empty and $DosageLabel is empty

iftempty(§Dosage Amount) && empty($Dosagelabel}} {
$DosageAmount = §;
$Dosagel.abel = null;

H

$this->load->model("patient™);

$this->paticnt-> AddBosageRocommendationHistory($PaticntiD,
2 £ ]

L1, $CurrentBG, $DosagecAmount, SDosagelabel, $UsceriDy;

$this->lead->view({forms/be/iv_be checkboxes”, fdata);

3
i
function UseGTFuid(SPatientlD, $CurrentBG)
¢
!

//BRS.2

H{(SCurrentBG >= 300)

{return true;}
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//BRS.1
8Lagt3BGs = $this->iv->Last? BGs(SPatientiDdy,
tficount{$Last3BGs) == 0 && $CurrentBG >= 250}

{return truc;

//BRS.3
H{SCurrent BG>=250 && SLast3BGS{0}->0verUnder == "over™)

{return truc;

//BR5 .4
H3CurrentBG>=250 && SLast3BGs{0]->BGValue >=250 &&
$Last3BGs H->BGValue >=2503

{return truc;}

/ldefault BR5.5
return false;
H
function CalculateMealBolusHIR($Patient]D3, $CurrertBG, $EstimatedCarbs,

SActualCarbs, $LastBGData, SMultiplicr, $MealBolusCount, $Timelnicrval)

f
¢

STnsulinUnitsOfMeasure = GetOneFicld("ScttingValuc”,

"ong

"GlobalSettings”, "SettingName", "hnsulinUnitOfMeasure™);

$r = PreMeallTIR(
$PatientIDs,
$CurrentBG,
$Muultiplier,
$LastBGData->InsulinConcentration,
$EstimatedCarbs, $ActualCarbs,

$Timelnterval,
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$Insulint mitsGfMeasure,
$MealBolusCount
)

$r{0] = round{$:[0], 3%

return St

b
H
function CalculatcHR($Pationti D, $CurrentBG, $LastBGRata, SEstCarbs)
{

/A Adyust Multiplier®/

Srultiplier = $LastBGData->8ensitivityFactor;

/*add the conditon $LastBGData->SensitivityFactor == $LastBGData-
>PreB{ SensttivityFactor

if change the Multiplier by manually it should not be changed.

updated by stanley on 14/30/2013

H{{$LastBGData->BGID=0 || $EstCarbs > 0) && ($LastBGData-

>SensitivityFactor == SLastBGData->PreBGSensitivityFactor) )

{
iff
($CurrentBG > FLastBGData->TargetHigh) &&
{($CurrentBG / $LastBGData->BGValue) > (L.85)
)
{
Smultiplier = $multiphier® 1.25;
!
3
elsetf{$CurrentBG < $LastBGData->TargetLow)
t
Sroultiplier = $multiplier * 0.8;
5
3
3

Smultiplier = round(Smultiplier, 5);



CA 02926761 2016-04-06

WO 2015/116371 PCT/US2015/011086

/Cslc IR
SHR = round{ (§CurrentBG - 60) * Smudtiphier, 1}
SR < 0}
(SR = O}
Sreturn = array(
"hrt=> SR,
"multiplier” => $multiplicr,
3

return Sreturn;

(N~

[6695] FIG. 3 provides a dose calculation process 300 for caleulating the insulin
infusion rate IR of the patient 10 for intravenous treatmaent after the process 200 recctves
the patient information 208a discussed above (inchuding the patients’ blood glucose value
BG). At block 301 the dose calculation process 300 determines if the patient’s blood
ghucose BG 1s iess than a stop threshold value BGrugep. 1f vot, then at block 303 the dose
calculation process 300 goes to block 304 without teking any action. I, however, the
patient’s blood glucese BG is less than a stop threshold value BGragop, then the
calculation dose process sets the patient’s regular insulin dose rate IRR to zero at block
302, which then goes to block 322, The dose calculation process 300 determines at
decision block 304 if the inputted blood glucosce value BG is the first inputted blood
glucose value,
13396 The patient’s regular insulin dose rate R is calculated at block 320 in
accordance with the following equation:

R =(BG-K)*M (3A}
where K is a constant, known as the Offset Target, with the same unit of measure as
blood glucose and M is a unit-less multiplier. In some examples, the Offset Target K is
fower than the blood glucose target range of the patient 10, The Offset Target K allows
the dose calculation process 300 to calculate a non-zero stable insulin dose rate even with

a blood glucose result is in the blood ghucose target range BGrx.
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18457} The initial multiplicr My, determined by the physician 40, approximates the
sensitivity of a patient 10 to insulin. For exarople, the inttial raultiplier equals §.02 for
adults ages 18 and above. In some examples, the initial multiplier M; equals 0.01 for frail
clderly patients 10 who ray be at risk for complications arising when their blood glucose
fevel B( falls faster than 80mg/di/hr. Moreover, the physician 40 may order a higher
mitial multiplior My for patients 10 with special needs, such as CABG patients (ic.,
patients who bave undergone coronary artery bypass grafting) with BMI (Body Mass
Index which is a measure for the human body shape based on the individual's mass and
height) less than 30 might typically receive an inttial moultiphier of 0.05, whereas a patient
10 with BMI greater than 30 might receive an inttial multiplier My of 0.06. In addition, a
patient’s weight may be counsidered in determining the value of the initial multiplior My,
for examples, in pediatric treatments, the system 100 calculates a patient’s inttial
multiplicr M; using the following equation:
My = (.0002 x Weight of patient {in kilograms) (38}
In some implementations, K is equal to 60 mg/dl. The dose calculation process 300
determines the target blood glucose target range BGrg using two limits inpatted by the
user 40, a lower Hmit of the target range BGryy, and an upper (high) Hmit of the target
range BGrrpy. These limits are chosen by the user 408 so that they contain the desired
blood glucose target as the midpoint. Additionally, the Offset Target K may be
caleulated dynamically in accordance with the following equation:
K = BGrarwe — Offset, {4)

where BGager 18 the midpoint of the blood glucose target range BGre and Offsct 1s the
preconfigurcd distance between the target conter BG e and the Offset Target, K.
[8898] in some implementations, the imsulin dose rate IRR may be determined by the
following process on a processor 112, 132, 142, Other processes may also be used.

function 1IR(8sf, $current by, 8bg default = 60, $insulin_concentration,

Sins units of measure = 'units/hr’) {

settype($saf, float');
settype($bg_default,'float'y,
settype{Scurrent bg,'float’y;

40
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settype($insulin concentration,'tloat’y;

(@param $sf'= sensitivity factor frorm db

@param $current_bg = the current bg value being submitted

@param $db_default = the default "Stop Insulin When" value.  If
it isn't passed, it defaults to 60

(@param $insulin_concentration = the default insulin concentration

from scttings

if{Scurrent_bg > 60) {

$itr = array();
$15[0] = round({(Pcurrent bg - $by default) * $sf, 1);

if ($ins_units of measure = "units/hr'}y §
$itrf 1] = round{{Scurrent_bg - $bg defaulty * 8sf/
Sinsulin_concentration 1),
)

return $iirg

return O

S’

[6899] Referring to decision block 304, when the dose calculation process 300
deternunes that the inputted blood glucose value BG s the first inputted blood ghucose
value, then the dose calculation process 300 defines the value of the current multiplier M
equal to an mitial multiplier (M) at block 306. The dose calculation process 300 then
calculates, at block 320, the Insulin Infusion Rate in accordance with the HIR equation

(EQ. 3A) and returns to the process 200 (see FIG. 2.
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I86164] However, referring back to decision block 304, when the dose calculation
process 300 determines that the inputted blood glucose value BG is not the fivst inputted
bloed glucose value, the dose calculation process 300 determines if the Meal Bolus
Module has been activated at decision block 308, H the dose calenlation process 300
determines that the Meal Bolus Module has been activated, then the dose caleunlation
process 300 begins a Meal Bolus process 500 (see FIG. 5).
[8¢10%] Referring back to decision block 308, if the Meal Bolus Module has not been
activated, the dosc calculation process 300 determincs, at decision block 316, 1f the
current blood glucose value BG is greater than the upper limit BGrry of the blood
glucose target range BGqyg. [ the blood ghacose value BG is greater than the upper Himit
BGyrp of the blood glucose target range BGrp, the dose calculation process 3060
determines, at block 314, a ratio of the current blood glucose value BG to the previous
blood glucose value BGr, where BGp was racasured at an carlier tirae than the current
BG. The process 200 then determines if the ratio of the blood glucose to the previous
blood glucese, BG/ BGp , is greater than a threshold value £, as shown in the following
equation:

(BG/RBGp) > Ly {3)
where BG is the patient’s current blood glucose value;, 5Gp is the patient’s previous
blood glucose value; and 4 is the threshold ratic of 8G/ BG,, for blood glucose values
above the upper limit of the blood glucesce target range BGren. I the ratio BG/ BG,
cxeceds the threshold ratio L, then the Multiplior 47 is incrcascd. in some cxamples, the
threshold ratio L4 cquals 0.85,
138162]  if the dosc calculation process 300 determines that the ratio (BG, BG,) of the
blood ghacese value #G to the previous blood glucose value B{, is not greater than the
threshold ratio 74 for a blood glucose value BG above the upper limit BGrry of the blood
glucose target range BGry, then the dose calculation process 300 sets the vahue of the
current moultiplier M to equal the value of the previous multiplier Mp, see block 312.

M= Mp (6}
(08183} Referring back to block 314, if the dose calculation process 300 determines
that the ratio {BG/5G,) of the blood glucose value BG to the previous blood glucose BGp

is greater than the thresheld ratio 74 for a blood glucose value above upper limit BGopy of
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the blood ghucose target range 8G, then dose calculation process 300 multiplies the
value of the corrent multiplier M by a desired Multiplier Change Factor (M) at block
318. The dosc calculation process 300 then calculates the insulin infusion rate at block
320 using the HR equation (EQ. 3A} and returns to the process 200 (see FI1G. 2}
1081847 Referring back to block 310, when the dose calculation process 300
determines that the current blood glucose value BG is not greater than the upper limit
BGrra of the blood glucose target range 5Grm, the dose calculation process 300 then
determinges if the current blood glucose concentration BG is below the lower limit BGrgy,
of the blood glucose target range BGrp at decision block 311, If the current blood
glucose vatue BG is below the lower imit BGygy of the blood glucose target range BGrp,
the dose calculation process 306 at block 316 divides the valuc of the current multipher
M by the Multiplier Change Factor (Mcr), in accordance with the following equation:
M= Mp/ Mo (7)
and calculates the current insulin infusion rate IR using equation 3 at block 320 and
returns to the process 200 (see FIG. 2}
[86105]  Atblock 311, if the dose calculation process 300 determines that the blood
glucose value B is not below the lower limit of the blood glucose target range BGrzy,
the dose calculation process 300 sets the value of the current muliiplier to be equal to the
value of the previous multiplier M, at block 312 (sec EQ. 6).
[B6196] Referring again to FIG. 3, at block 311, if the current blood glucose value BG
is below the lower Himit of the target range BGuxe, logic passes to decision block 322,
where the process 300 determines if the current blood glucose concentration BG 1s below
a hypoglycemia threshold 8G,.. H the currcnt blood glucose BG is below the
hypoglycemia threshold 8G .., logic then passes to block 324, where the process 300
recomnends hypoglycemia treatment, either by a calculation of an individualized dose of
intravenous glucose or oral hypoglycemia treatment,
108187} Referring back to FIG. 2A, after the dose calculation process 300 calculates
the insulin infusion rate HR, the process 200 proceeds to a time calculation process 400
(FIG. 4A) for calculating a time interval Tuee until the next blood glucose racasurement.
[66188]  FIG. 4A shows the time interval calculation process 409 for calculating a time

interval Tre between the current blood glucose measurement BG and the next blood
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ghucose measurement BG,,.,,. The time-duration of blood glucose measurement intervals
Trex ay vary and the starting time interval can either be tnputted by a user 40 at the
beginning of the process 2060, 300, 400, or defaulted to a predetermined time interval,
Trefauit {€.€., one hour). The time interval Twew 18 shortened if the blood glucose
concentration BG of the patient 10 is decreasing excessively, or it may be lengthened if
the blood glucose concentration BG of the patient 10 becornes stable within the blood
ghucose target range BGmr.

[66169]  The time-interval calculation process 400 dotermines a value for the time
mterval Trew based ou several conditions. The time-interval process 400 checks for the
applicability of several conditions, where cach condition has a value for Tyeq that is
triggered by a logic-test (except Taemm). The process 400 selects the lowest value of Thex
from the values triggered by logic tests {not counting Taemd. I no logic test was
triggered, the process selects Taegur. This 1s accomplished in FIG 4A by the logie
structure that selects the lowest values of T,y first. However, other logic structures are
possible as well.

[86138] The time calculation process 400 determines at decision block 416 if the
current blood glucose BG is below the lower limit BGyyy, (target range low limit) of the
biood glucose target range BGrp. I the current blood glucose BG is below the ower
Hmit BGrgy, of the blood glucese target range BGyg. then the time calculation process
400 determines, at decision biock 418, if the current blood glucose BG 1s fess than a
hypoglycemia-threshold blood glucose lovel BGuype.

(66111}  If the current blood glucose BG 18 less than the hypoglycerma-threshold blood
ghucose level BGuyp, the time calculation process 460 sets the tume mterval Tyeg to a
hypoglycemia time interval Thypo, €.g., 15 or 30 minutes, at block 426, Then the time
calculation process 400 is complete and returns to the process 200 (FIG. 2) at block 428,
(68112}  If the current blood glucose BG is not less than (i, is greater than) the
hypoglycemia-threshold blood glucose level By, at block 418, the time caleulation
process 400 determines at block 422 if the most recent glucose percent drop BGoypiop, 18
greater than the threshold glucose percentage drop %Droprow 1imic (for 4 low BG range)
using the following equation:

E’G%dmp > (?"M}TGPL(:W Limit {(BA)
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singe
(BGp — BGY . .
BG%cimp == (“““":{J,}";‘“‘"", (8B)
then,
BG s —~ BG) .
(_(.____g.; ''''' - ) > %DYopLow Limis {(8C)

where BGp is a previously measured blood glucose.

166113} If the cwrrent ghucose percent drop BGyney, 18 1ot greater than the Himit for
glucose percent drop (for the low BG range) YoDropr ow tinis, the time calculation process
400 passes the logic to block 412, In some examples, the low limit YD7oDiow Limi equals
25%.

(66114} Referring back to block 422, if the current glucose percent drop BGoyprp 18
greater than the limit for glucose percent drop (for the low BG range} %IDmopy o Limin the
time calculation process 400 at block 424 sets the time interval to a shortened tirne
interval Tapen, for example 20 minutes, to accommedate for the increased drop rate of the
blood glucose BG. Theo the time caleulation process 400 1s complete and returns to the
process 200 (FIG. 2 at block 42K.

[33115]  Referring back to decision block 416, tf the time calculation process 400
determines that the current blood ghicose BG is not below the lower Hmit BUGmy for the
blood glucose target range BGyy, the titae caleulation process 400 determines at black
428 if the blood glucose BG has decreased by a percent of the previous blood glucose
that exceeds a limit %Dropagia: (for the regular range, i.¢., blood glucose value BG >
BGrry), using the formula:

/( BGp ~ BG)
<\ 1;(;{

) = (%Dﬁ)p.?eguiar (9)

[8¢ifs] If the blood glucose BG has decreased by a percentage that exceeds the
regular threshold glucose percent drop (for the regular BG range) %Drope.guia. the time
calculation process 400, at block 4235, sets the time interval to the shortened time interval
Tynons for example 20 minutes. A reasonable value for %Dropregusr for many
implementations is 66%. Then the time calculation process 400 1s complete and veturmns
to the process 200 (FIG. 2) at block 428, 1, howevey, the ghicose has not decreased by a
percent that exceeds the threshold glucose percent drop %Dropreguiar, {for the regular BG

range), the time calculation process 400 routes the logic to block 412, The process 400
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determines, at block 412, a blood glucose rate of descent BGpyoprae based on the
following equation:

B(}prl{a\e = <B{3[’ B(‘\} / (hig‘(iulmm .1‘}‘1”3\/&003) (10}
where BGy is the previous bloed glucose measurement, Tegpen 18 the current time and
Tprevions 18 the previous time. Moreover, the process 400 at block 412 determines if the
bleod glucose rate of descent BGnyoprae 15 greater than a preconfigured drop rate limit
E"{:}dropRaieLimit«
[66117]  {f the time calculation proccess 400 at block 412 determines that the blood
ghucose rate of descent BGowprate, has exceeded the preconfigured drop rate himit
BGyropratetimit: the fime interval Tyeq until the next blood glucose measurement is
shortened at block 414 to a glucose drop rate time interval Tpape, which is a relatively
shorter time interval than the current time interval Tomen, a8 consideration for the fast
drop. The preconfigured drop rate limit BGywprattimis toay be about 100 mg/dUhr. The
ghicose drop rate time interval Tpgpr may be 30 minutes, or any other predetermined
time. In some examples, a reasonable value for Tpegur is one hour, Then the time
caleulation process 400 is complete and returns to the process 200 (FIG. 2) at block 428,
[66118)  If the time calculation process 400 determines at block 412 that the glucose
drop rate BGnyoprae d0es not exceed the precounfigured rate rott BGyoprartimin the tite
calculation process 400 determines, at block 40%, if the patient’s blood ghacose
concentration BG has been within the desired target range BGrr {e.g., BGrry <BG<
BGren) for a period of time Tyume. The critcrion for stability in the blood glucosce target
range BGrr 18 a specificd time n the target range BGry or a specificd number of
consecutive blood glucose measurements in the target range BGpp. For example, the
stable period of time Tyuue may be one hour, twn hours, two and a haltf houwrs, orup to 4
hours. If the stability criterion is met then the time mterval Ty until the next scheduled
blood ghicose measurement BG may be set at block 410 to a lengthened time interval
Tiong (such as 2 hours) that is generally greater than the default time interval Toegur
Then the time calculation process 400 is coraplete and returns o the process 200 (FIG. 2)
at block 428, If the time calculation process 400 determines that the patient 10 has not

met the criteria for stability, the time calculation process 400 sets the time interval Tren
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to a default time interval Toepan at block 406, Then the time calculation process 400 18
complete and returns to the process 200 (FIG. 2) at block 428,

(86119 Referring to FIGS. 4B and 4C, once the time calculation process 400
calculates the recomnmended time interval Ty, the process 200 provides a countdown
timer 430 that alerts the user 40 when the next blood glucose measurement is due. The
countdown timer 430 may be on the display 116 of the patient device 110 or displayed on
the display 146 of the hospital systern 140, When the timer 438 1s complete, a “BG
Due!” message might be displeyed as shown in FIG, 48, The countdown timer 430 may
mechade an overdae time 432 indicating the time late if a blood ghicose value 18 not
entered as scheduled.

[86128] In some implementations, the countdown timer 430 connects to the alarm
system 120 of the user device 110, The alarm system 120 may produce an audible sound
via the speaker 122 m the form of a beep or some like audio sounding mechanism. The
audible and/or visual notification may also be sent via the network to the hospital system
140 (or any other remote station) and displayed on the display 146 of the hospital system
140 or played through speakers 152 of the hospital system 140, or routed to the cell
phone or pager of the user. In some examples, the audible alarm using the speakers 122
is turned off by a user selection 434 on the display 116 or it is silenced for a
preconfigured time. The display 116, 143 may show information 230 that includes the
patient’s intravenous treatment information 2302 or to the patient’s subcutancous
treatment information 230b. In some cxampies, the uscr 40 sclects the countdown timer
430 when the timer 430 indicates that the paticnt 10 1s duc for his or her blood ghucose
measurcment. When the user 40 sclects the timer 4348, the display 116, 146 allows the
user 40 to enter the current blooad glucose value BG as shown in FIG. 45, For
intravenous patients 10, the process 200 may ask the user 40 (via the display 116, 146)1f
the blood glucose 1s pre-meal blood glucose measurement (as shown in FIG. 4D). When
the user 40 enters the mformation 230 (FIG, 4D), the user 40 sclects a continue button to
confirm the entered information 230, which leads to the display 116, 146 displaying
blood glucose information 230¢ and a tirner 430 showing when the next blood glhacose
measurement BG is due (FIG, 4E). In addition, the user 40 may enter the paticnt’s blood

glucose measurement BG at any time before the timer 430 expires, if the user 40 selects
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the ‘enter BG™ button 436. Therefore, the user 40 may input blood glucose values BG at
any time, or the user 40 way choose to start the Mesl Bolus module process 500 {see
FIG. 5) by selecting the start meal button 438 (FIG. 4E), transition the patient to SubQ
insulin therapy 600 (sec FIG.6), or discontinue treatment 220.

(08128 Referring fo FIGS. 5A-5F, in some implementations, the process 20{ includes
a process where the patient’s blood glucose level BG 18 measured prior to the
consuraption of caloric intake and calculates the recommended mtravenous mealtioe
msulin reguircment neeessary to control the patient’s expected rise in blood glucose
levels during the prandial period. When a user 40 chooses to start the Meal Bolus
process 500 (e.g., when the user 40 positively answers that this is a pre-meal blood
ghucose measurcment in FIG. 4D, or when the user 40 selects the start meal button 438 in
FIG. 4E), the Meal Bolus process 500, at decision block 504, requests the blood glucose
BG of the patient 10 {as shown in FIG. 5C). The user 40 enters the blood glucose value
BG at 501 or the system 100 receives the blood ghucose BG from a glucometer 124, This
blood glucose measurement is referred to herein as the Pre-Meal BG or BGi. In some
exarnplies, where the user 40 euters the information, the eer 40 selects a continue button
to confirm the entered information 230c. In some exampies, the intravenous meal bolus
process S00 is adminisiered to a patient 10 over a total period of time Typupans. The total
period of time Tiamon 18 divided into multiple time intervals Thewponst 10 Tharsomsy,
where M s any integer greater than zero, In some cxamples, a first time interval
Taseaironses vuns from a Pro-Mcal biood ghicose value BGU at moasured at time Ty, fo a
sceond blood glucose value BGZ at racasured st time Ty, A sceond time nterval

T rieainoinsz uns from the sccond blood glucose value BG2 measured at time T to the third
blood glucose value BGS measured at time Ty A third time iterval Tapusenss runs from
the third blood glucose value BG3 measured at time T3 to a fourth blood glucose value
BG4 measured at time T, . In some implementations where the time intervals Tieamotsy
are smaller than T . the user 40 should closely monitor and control over changes in
the blood glucose of the patient 10. For example, a total period of time Typamons equals 2
hours, and may be comprised of) Theaponss = 30 mainutes, Tieapons: = 30 minutes, and
Dhpeatnonss = 1 hour, This example ends on the fourth blood glucose measurement. When

the Meal Bolus process 300 hag been activated, an indication 440 is displayed on the
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display 116, 146 informing the user 40 that the process 500 is in progress. The Meal
Bolus process 500 prompts the user 40 if the entered blood glucose value BG is the first
blood ghicose value prior to the meal by displaying a question on the patient display 116.
if the Meal Bolus process 500 determuines that the ontered blood glucose value BG is the
first blood ghucose value (BG1) prior to the meal, then the Meal Bolus process 500
freezes the current multiplier M from being adjusted and caleulates a regular intravenous
insulin rate IRR at block 512, The regular intravenous insulin rate IRR may be
determined using EQ. 3A. Meanwhile, at block 502, the Meal Bolus process 500 loads
preconfigured meal pararaeters, such as meal times, msulin type, default number of
carbohydrates per meal, the total perind of time of the meal bolus process Thwseis
mnterval lengths (e.g., Threatpoinsss T MeaiBoiusi .. L peaiBousy), aitid the percent, “C”, of the
estimated meal bolus to be delivered i the first interval Thpausenss. [0 some examples,
when the system 100 includes a hospital electronic medical record system 140, nutritional
information and number of grars of carbohydrates are retrieved from the hospital
electronic medical record systems 140 automatically. The Meal Bolus process 500
allows the user 40 to select whether to input a namber of carbohydrates from a selection
of standard meals (AcutalCarbs) or to use a custom input to input an estimated number of
carbohydrates {EstimatedCarbs) that the patient 10 is likely to consume. The Meal Bolus
process 500 then flows to block 506, where the cstimated meal bolus rate for the meal is
caleulated. The calculation process in block 506 is explained in two steps. The first step
is calculation of a meal bolus (in units of insulin} in accordance with the following
cquation:
Sstimated Meal Bolus = EstimatedCarbs / CIR {114}

where CIR is the Carbohydrate-to-Insulin Ratio, previously discussed.
[66122] The Meal Bolus process 500 then determines the Estimated Meal Bolus Rate
based on the following equation:

Estimated Meal Bolus Rate = Estimated Meal Bolus * C/ Tiamonss (11B)
Where, Tveorpoms: 18 the time duration of the first time interval of the Meal Bolus total
period of time Thramons. € 18 a constant adjusted to infuse the optimum portion of the

Estimated Meal Bolus during first time interval Tapanonss. For instance: if Estimated
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Meal Bolus = 6 units, Dyewsonss = 0.5 hours, and C = 25%, then applying Eq. 11A asan
example:
Estimated Meal Bolus Rate = (6 units) * 25% /{0.5 hours) = 3 units’hour (110

The Meal Bolus process SO0 caleulates the Total Insulin Rate at block 308 as follows:

Total Insulin Infusion Rate = Estimated Meal Bolus Rate + Regular Intravenous Rate

(12)

(861231 The Mceal Bolos process 300 flows to block $10 where i sets the time interval
for the first intcrval Tiamonss to 1ts configured value, (¢.g., usually 30 minutes), which
will end at the second meal bolus blood glucose (BG2).
[00124]  After the first time interval Tipwpons: €Xpires (e.g., after 30 minutes clapse},
the Meal Bolus process 500 prompts the user 40 to enter the blood glucose value BG
once again at block 501, When the Meal Bolus process 500 determines that the entered
blood glucose value BG is not the first blood glucose value BG1 entered at block 504
(i.e., the pre-meal BG, BG1, as previously discussed), the process 300 flows to block
514, Atblock 514, the Mecal Bolus process 500 determines if the blood glucose value BG
is the second value BGZ entered by the user 40, 1 the user 40 confirms that the entered
blood ghicose value BG is the second blood glucose value BG2 entered, the Mcal Bolus
process 500 uses the just-entered blood glucose BG2 to calculate the intravenous nsulin
rate IRR at block 516 and flows to block 524. Simultancously, if the blood glucose is the
sccond blood glucose BGZ, the Meal Bolus process 500 prorapts the user 40 to enter the
actual amount of carbohydrates that the paticnt 10 reccived at block 518, The Mcal
Bolus process 500 then determines at decision block 520 and based on the mputted
amount of actual carbohydrates, if the patient did not ¢at, i.c., if the amount of
carbohydrates ig zero {see FIG. 5C). {fthe Meal Bolus process 500 determines that the
paticnt did not cat, the Meal Bolus process 500 then flows to block 540, where the meal
bolus module process 500 is discontinued, the nmltiplier is no longer frozen, and the time
interval Tre 18 testored o the appropriate time interval Tiew, a8 determined by process
400. If bowever, the Meal Bolus process 500 determines that the patient 10 ate, i.e., the
actual carbohydrates is not zero (see FIG. 5D), then The Meal Bolus process 500 flows to

block 522, where it calculates a Revised meal bolus rate according to the following
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equations, where the Revised Meal Beolus and then an amount of insulin (in units of
insulin)are calculated:

Revised Meal Bolus = ActualCarbs / CIR {(13A)
[86125]  The process at block 522 then determines the amount (in units of insulin} of
estimated meal bolus that has been delivered to the patient 10 so far:

Estimated Meal Bolas Delivered = Estimated Meal Bolus Rate * (T, - T)) {138}
where time T1 is the time of when the first blood glacose vahue BGT s measured and
time T2 is the time when the sceond biood ghicese value BG2 18 measured.

[88126] The process at block 522 then calculates the portion of the Revised Meal
Bohis remaining to be delivered (i.e., the Meal Bolus that has not yet been delivered to
the patient 10} as follows:

Revised Meal Bolus Remaining = Revised Meal Bolus — Estimated Meal Bolus

Delivered (130)

[86127] The process at block 522 then calculates the Revised Meal Bolus Rate as
follows:
Revised Meal Bolus Rate = Revised Meal Bolus Remaining / Tie Revsaining  (14A)
where Time Remeaining = TyieaiBotus — 1 Mealtiolest- Since the total time interval Tyeamons
and the first time interval Typasens are preconfigured values, the Time Remaining may
be determined.

[B6128] The Meal Bolus process 500 calculates the total insulin rate at block 524 by
adding the Rovised Meal Bolus Rate to the regular Intravenous Rate (TIR), based on the
blood ghicose value BG:

Total Insulin Ratc = Revised Meal Bolus Rate + HR {(148)

(881297 The Meal Bolus process 500 flows to block 526 where it sets the time interval
Trext t0 the second interval Tapamons, which will end at the third meal bolus blood ghucose
BG3 e.g., usually 30 minutes.

[B813¢]  Aftor the second interval, Theaponss expires (e.g., 30 minutes), the Meal Bolus
process 500 prompts the user 40 to enter the blood glucose value BG once again at block
501, The Meal Bolus process 300 deterrnines that the entered blood glucose value BG 1s
not the first blood glucose value entered at block 504 (previously discussed) and flows to

block 514, The Meal Bolus process 300 deterraines that the entered blood glucose value
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B is not the second blood glucose value entered at block 514 (previously discussed) and
flows to block 328, At block 528, the Meal Bolus process 300 determines if the blood
giucose value BG is the third value entered. If the entered blood glucose value BG is the
third blood glucose value BG entered, the Meal Rolus process 500 calculates the
intravenous insulin rate IRR at block 530 and flows to block 532,

(80131} At block 532 the process determines the Total Insulin Rate by adding the
newly-determuned Regular futravenous husulin Rate (1IR) to the Revised Meal Bolus
Rate, which was determined at BGZ and romains cffoctive throughout the whole meal
bolus time, Tweatboius.

186132f The Meal Bolus process 500 flows to block 534 where it sets the time interval
Texe to the third interval Theemornss for the fourth meal bolus blood glucose, ¢.g., usually
60 minutes. In some implementations, more than 3 intervals (Thnwsons:. Thtestpons?
Thteatnonsz) may be used. Additional intervals Thpemonsymay also be used and the process
handies the additional intervals Typuponsy simnilarly to how it handles the third time
interval Tazaisonss. As discussed in the current example, the third interval Thsqipernss 18 the
last time interval, which ends with the measurernent of the fourth biood glucose
measurcment BG4,

(981331 After the thind timoe interval, Tieaponss, expires {e.g., 60 minutes), the Meal
Bolus process 500 prompts the user 40 to enter the blood glucose value BG once again at
block 501. The Meal Bolus process 5800 determines that the cutered blood glucose value
B is not the first blood glucose value ontered at block 304 (provicusly discussed) and
flows to block 514, The Mcal Bolus process 500 determines that the entered blood
glucose value BG is not the sccond blood glucose value entered at block 514 {previously
discussed}, nor the third bloed ghicose level entered at block 528 and flows to block 536.
At block 536, the Meal Bolus process 500 determines that the inputted blood glucose is
the fourth blood glucose valueBG4. In this example, the fourth blood glucose value BG4
is the last one. The process 500 then flows to block 538 where the moultiplier is no longer
frozen, and the time interval Tey 18 restored to the appropriate time interval Tyey, as
determined by the Timer Adjustment process 400 (FIG. 4A). At this time, the Meal
Bolus process 300 ends and the user 40 is prompted with a message indicating that the

Meal Bolus process 500 is no longer active.
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186134]  As shown in FIG. 3D, and previously discussed with respect to FIGS. 4B-4E,
the process 200 provides a countdown timer 430 that alerts the user 40 when the next
blood ghicose measurement is due. The countdown timer 430 may be on the display 116
of the patient device 110 or displayed on the display 146 of the hospital systern 140,
When the timer 430 is complete, a “BG Due!” message might be displayed as shown in
FIG. 4B. Moreover, the tiraer 430 may be a countdown timer or & meal timer indicating a
sequence of mealtime infervals (e.g., breakfast, lunch, dinver, bedtime, roid-sleep).
[66135] i some implementations, a Meal Bolus process 500 may be implemented by
the following process on a processor 112, 132, 142, Other processes may also be used.
function PreMeallIR{$PatientID, $CurrentBG, $Multiplicr,

SInsulinConcentration,

SEstCarbs, $ActualCarbs, $Timelnterval, Sinsulini mitsQfMeasure,
$MealBolusCount) {

$iir = array(};

SCarbInsulinRatio = CIR{$PatientID);

SNormalInsudin = (§CuarrentBG - 60) * $Multiphier;

if($MealBolusCount == )
d

//first run - Premeal Bolug

SMcalBolus = (SEstCarbs /$CarblnsulinRatio);
if{$MealBolus <)
{$MealBolus = (;}

$i]0] = $Normalinsulin + { $MeaiBolusg * 5 );
$iief 27 = ( $MealBolus *.5 )

%

print "Premeal: MX: 7. SMaltiplier . "<BR>";
print ($CurrentBEG - 60} * $Multiplier;

111

oot o .
print "+
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print { $MealBolus *.5 );

w7
/

/fsecond run Post Mcal Bolus

/fthird run time interval coming in 18 actually the

/fditterence between the premeal BG and the fivst Post Meal BG
{second run}

$MealBolus = (SActualCarbs / $CarbinsulinRatio);

$01dMealBohus = (§EsiCarbs / $CarbinsulinRatio};

$CurrentMeaiBolus = (MealBolus - (301dMealBolus * 5 *
$Timelnterval)y/1.5;

H{$CwrrentMealBolus <0}

{$CurrentMeaiBolus =0;}

$iir{ 0] = $Normallnsulin + $CurrentMealBolus ;

$1ir[2] = §CurrentMealBolus ;

/%

print "PlatcCheck: <BR>MX: 7. $Multiphier . "<BR>";
print "Est Carbs: " . $EstCarbs | "<BR>";

print "ActualCarbs: ¥ SActmalCarbs | "<BR>";;

print "CarblnsalinRatio: " . §CarbInsulinRatio . "<BR>",
print "Timelnterval: " . $Timelnterval . "<BR>";

print "Multiplier: " . SMultiplier;

#*/
/

g

else

proy
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$MealBolus = ($ActualCarbs / $CarbinsulinRatio);
$01dMealBolus = (§8EstCarbs / $CarbInsulinRatio};
/*
print "Actual Carbs: " . §ActualCarbs . "<BR>";
print "Est Carba: " . $EstCarbs | "<BR>",
print "CIR: ", $CarbinsulinRatio . "<BR>";
print "Multiplier: " . $Multiplier . "<BR>";
print "CurrentBG: " . SCurrentBG . "<BR>";
print "HR: " {((BCurrentBG - 60) * $Multipliery . "<BR>",
print "MealBolus: " . $MealBolus . "<BR>";
print "OldMeaiBolus: " . $01dMcalBolus . "<BR>";

priot "Timelnterval: " . $Timelnterval | "<BR>";

$CurrentMealBolus = ($MealBolus - (301dMealBolus *.5 *

if{$CurrentMealBolus <0)
{§CurrentMealBolus =0;}

$1ir[0] = SNormallnsulin + $CurrentMealBolus;
$1ir[2] = 8CurrentMealBolus;

i
print "Post PlateCheck: <BR>MX: " . $Multiplicr . "<BR>";
print "HR: ",

print (§CurrentBG - 60} * $Multiplier . "<BR>";
print "Est Carbs: . §EstCarbs | "<BR>";

print "Acutal Carbs: " . SActnalCarbs | "<BR>";
print "Old Meal bolus: " . $OidMealBolus . "<BR>";
print "Timelnterval: " . $Timelnterval . "<BR>";
print "Meal bolus: " . $MealBolus . "<BR>";

priot "Final Calc: " . 8itr[0];

®/
/
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if ($insulinUnitsOfMeasure 1= "units/hr'™)
f
1

$iie[07 = $iir] 0V $InsulinConcentration;

"

return $1ir;

N

[86136] Reforring to FIGS. 2A and 6A, if the user elects to initiate the SubQ
Transition process 600, the Sub() Transition process 600 determines at decision block
604 if the current blood glucose BG is within a preconfigured stability target range
BUgrr, e.g., 70-180 mg/dl, which is usually wider than the prescribed Target Range,
BGrg. If the blood glucose BG is not within the preconfigured stability target range
BGsrr{c.g., BGiow < BG < BGig), the Sub(Q Transttion process 600 at block 606
displays a warning notification on the patient display 116, Then, at block 610, the Sub(}
Transition process 600 is automatically discountinued.

(061371 Reforring back to block 604, if the blood glucose BG is within the
preconfigured stability target range BGerg (e.g. 70 — 180 rag/dl), the Sub(} Transition
process 608 at decision block 608 determines if the pationt’s blood glucose measuroment
BG has been in the patient’s personalized prescribed target rangc BGrg for the
recormmended stability poriod Tyuwe. ©.2., 4 hours. If the Sub{} Transition process 600
determines that the blood glucose value BG has not been in the preseribed target range
BGgrr for the recommended stability period T, the Sub{d Transition process 600
moves to block 614 where the system 100 presents the user 40 with a warning
notification on the patient display 116, explaining that the patient 10 has not been in the
prescribed target range for the recommended stability period (see FIG. 6C). The SubQ
Transition process 600 continues to decision block 618 where 1t determnines whether the
user 40 wants the patient 10 to continue the SubQ Transition process or to discontinue the

Sub(} Transition process. The SubQ Transition process 600 displays on the display 116
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of the patient device 110 the question to the user 40 as shown in FIG. 6D. If the user 40
chooses to discontinue the Sub( Transition process, the Sub(} Transition process 600
flows to block 624, where the Sub(Q Transition process is discontinued.
[66138] Referring back to block 618, if the user 40 chooses to override the warning
and continue the Sub{} Transition process, the process 660 prompts the user 40 to enter
SubQ information 617, The Sub(Q Transition process 600 flows to block 616, where the
patient’s SubQ Trausition dosc is calculated as a patient’s total daily dose TDD. o some
implementations, TDD 1s calculated in accordance with equation:
TDD = QuickTransitionConstant * Mywns  (15A)
where QuickTransitionConstant i3 usually 1000, and My, is the patient’s multiphier at
the time of imitiation of the Sub(} transition process.
(66139}  Referring again to block 616, in some implementations TDD is calculated by
a statistical correlation of TDD as a function of body weight. The following equation is
the correlation used:
TDD = 0.5 * Weight (kg) (15B)
[86148] The Sub) Transttion process 600 continues to block 628, where the
recommendead SubQ dose is presented to the user 40 {on the display 116} in the form of a
Basal recommendation and a Meal Bolus recommendation {(see FIG, 6F).
(06141} Reforring again to decision block 608, if the Sub{) Transition process 600
determines that the patient 10 has been in the prescribed target range BGre for the
recommended stability poriod, Tsuee, SubQ Transition process 660 continucs to block
612, where the paticnt’s total daily dose TDD 1s caleulated i accordance with the
following equation:
TOD = (B 1ags — K3 * (M) * 24 {16)
where M 18 the patient’s multiplier at the time of inttiation of the Sab{} transition
Process.
[08142]  Insome implementations, the patient’s total daily dose TDD may be
determined by the following process ou a processor 112, 132, 142, Other processes may
also be used.

fanction gethV_TDD{8PatientlD)
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feoon

/i$weight = petOneField("weight", "patients”, "patientiD", $PatientiD);

Hretarm $weight/2;

$CI = get_instance();

B> load->modelCoptions’);

§d = §CI->options->Getl VT DDData{SPatientiD);
$TargetHigh = Bd["TargetHigh"];
$TargetLow = Bdi"TargetLow"};

SMultiplicr = Sd["Multiplier™];

$MidPoint = (§TargetHigh + $Targetlow}/ 2;

$Formula = ($MidPoint - 60) ¥ SMultiplicr * 24;

return $Fornula;

[66143] When the patient’s tota] daily dose TDD is calculated, the SubQ Transition
proceas 600 continues to block 628 where the recommended SubQ dose is presented o
the user 40 as desceribed above. The SubQ Transition process 600 continues to block 622,
where the SubQ Transition process 608 provides mnformation to the aser 40 mcluding
recommended dose of Basal msulin. The user 40 confirms that the Basal insulin has been
given to the patient 10; this starts a transitions timer using the Transition RonTivoeNes
usually 4 hours. At this point, normal calculation rules governing the HR are still in
effect, including the intravenous IR timer (Timer Adjustrnent process 400), which
continues to prompt for blood glucose tests al time intervals Ty as deseribed
previously. The SubQ) Transition process 600 passes to decision block 626, which
determines whether the recommended time interval TransitionRunTime has elapsed, e.g.,
4 hours, after which time SubQ Transition process 600 continues to block 630, providing
the wser with subcutaneous insulin discharge orders and exiting the TV tosulin process in

biock 634,
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186144] FIG. 7 provides an arrangement of operations for a method 700 of
administering intravenous insulin to a patient 10. The method 708 includes receiving 702
bloed glucose measurements BG on a computing device (e.g., a processor 112 of a
patient device 110, a processor 152 of s hospital clectronic medical record system 150, or
a data processor 132 of a service provider 130} of a dosing controller 160 from a blood
ghucose measurement device 124 (e.g., glucose meter or glucorncter). The blood ghucose
measurements BG are separated by a tivae fnterval Taew. The method 700 includes
determining 704, using the computing device 112, 132, 152, an insulin dosc rate [IR
based on the blood glucose measurerents BG. In some muplementations, the method
700 determines the insubin dose rate {RR based on a current blood glucose measurement
BG, a constant K, and a multiplier M (see EQ. 3A above). The constant K may equal 60
mg/dl. The method 700 includes leaving the multiplier M unchanged between time
intervals Ty, when the current blood glucose measurement BG 1s greater than an upper
fimit BGygry of the blood glucose target range BG1p and the blood glucose percent drop
BGeypvop from the previous blood glucose value BGy is greater than or equal to a desired
percent drop BG%dropM (see EQ. 53, The method 700 also includes multiplying the
multiplier M by a change factor Mer when the current blood glucese measurement BG is
greater than an upper Hrolt BGrpy of the blood glucose target range BGyy and the blood
ghucose percent drop BGen, {(0r blood glucose percent drop) is less than the desired
percent drop BG%dropM. Additionally or alternatively, the method 700 inchudes leaving
the multiplior M unchanged between time intervals Tavea when the carrent blood glucosc
mcasurement BG 18 1n the target range BGre 1.0 when BG s fess than an upper lumit
BGyru of the blood ghicose target range and greater than the lower limit BGygy, of the
target range, BGyr. The method 708 also includes dividing the roultiplier M by a change
factor Mer when the current blood ghicose measurement BG is less than the lower Himit
BGrpy, of the blood glucose target range BGrp. The method 700 may inchude setting the
time interval Taex to a hypoglycemia time interval Tigypo of between about 15 minutes
and about 30 minutes, when the current blood ghicose measurement BG s below a hypo-
threshold blood glucose level BGrype

(66148} The method 700 includes determining 706 a blood glucose drop rate

BGpyoprae based on the blood glucose measurements BG and the time interval Ty The

59



CA 02926761 2016-04-06

WO 2015/116371 PCT/US2015/011086

methed 700 includes determining 707 a blood glucose percent drop BGnjop, using the
computing device 112, 132, 152 froma previous blood glucose reeasurernent BGp.
When the blood glucose drop rate BGoopnae 19 greater than a threshold drop rate
BGnopraetimin the method 700 includes decreasing at 708 the time interval Trey between
blood glucose measurements measure by the ghicometer.

[86146] The methed 700 also includes decreasing 710 the time interval T,y between
blood glucose measurcments BG wheu the percent drop BGoinrgp 0f the blood glucose BG
18 greater than the thresheld of the percent drop %Dropuegaiar, where the threshold of the
percent drop YeDtoprenir depends on whether the current blood glucose measurement
BG is below a lower Himit BGryy, of a blood ghacose target range BGrg.  In some
tmplementations, the method 700 includes decreasing the time interval Ty, when the
current blood glucose measurement BG is greater than or equal to the lower limit BGpg
of the blood glucose target range BGyp and the blood glucose percent drop BGypron
exceeds a threshold percent drop % Dv0pregunr- In some implementations, the method 700
mncludes decreasing the time interval Trew when the current blood glucese measurerment
B is below the lower limit BGrep of the blood glucose target range BGyg and above the
hypo-threshold blood glucose level BGaypo, and the blood glucose percent drop BGoywuwp
is greater than or equal to a threshold percent drop Y%DroP ewLimic.

(86147} In some examples, the method 700 inchudes leaving the multiplier M
unchanged for at least two subseguent time intervals, Tiex, when the current blood
glucosc measurcment BG is a pre-mcal measurcment. In some examples, the method 709
mchudes recciving, on the computing device 112, 132, 142, s number of carbohydrates
for a meal as well as a blood glucose measurement, and determining, using the computing
device 112, 137, 142, an intravenous msulin rate 1R based on the blood glucose (this R
may be calculated using EQ. 3A). In addition, the method 700 includes determining,
using the computing device 112, 132, 142, a meal bolus insulin rate {IR based on the
number of catbohydrates. The method 700 then caloulates a Total insulin rate as the sum
of the meal bolus rate and the regular intravenous rate as shown in EQ. 12, The method
700 may further include setting the time interval Tyex to about 30 munutes. I the blood

glucose measurement BG is a second consecutive measurernent after (but not including)
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an initial pre-meal blood glucose measurement BG, the method 760 inchudes setting the
timne interval Ty to about 30 minutes,

[6¢148]  In some implementations, the method 700 includes electronically displaying
on a display 116, 146 a warning and blocking transition to a subcutancous administration
of insulin when the current blood glucose measurernent BG is outside a stability target
range BGerr. I addition, the method 700 includes clectronically displaying on the
display 116, 146 a waming when the current bloed glucose measurement BG s within
the patient’s personalized target range BGyy for Iess than a threshold stability period of
time Tswote. I some examples, the method 700 includes deterraining a total daily dose of
msulin TDD based on the multiplior M when the current blood glucose measurement BG
is within a stability target range BGgrg for a threshold stability period of time Tsuple.
166149}  Various implementations of the systems and techniques described here can be
realized in digital electronic circuitry, integrated circuttry, specially designed ASICs
{application specific integrated circuits), computer hardware, firmware, software, and/or

combinations thereof. These various implementations can include implementation in one
or more computer programs that are executable and/or interpretable on a programmable
system inchuding at least one programmable processor, which may be special or general
purpose, coupled to receive data and instructions from, and to transmit data and
instructions to, a storage system, at least one input device, and at least one output device.
[8¢159] These coraputer programs {(also known as programs, software, software
applications or codce) include maching instractions for a programmable processer and can
be implemented in a high-level procedural and/or object-oriented programming language,
and/or in assembly/machine language. As used herein, the terms “maching-readable
medivm’” and “compiter-readable medium” refer to any computer program praduct,
apparatus and/or device {¢.g., magnetic diacs, optical disks, memory, Programmable
Logic Devices (PLDs)) used to provide machine instructions and/or datato a
programunable processor, including a machine-readable medium that receives machine
mstructions as a machine-readable signal. The term “machine-readable signal” refers to
anty signal used to provide machine instructions and/or data to a programmable processor.
(66151} Implementations of the subject matter and the functional operations described

in this specification can be implemented in digital clectronic circuitry, or in computer
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software, firmnware, or hardware, including the structures disclosed in this specification
and their structural equivalents, or in covabinations of one or more of them. Moreaver,
subject matter described in this specification can be implemented as one or more
computer program products, 1.¢., one or more modules of computer prograrn mnstructions
encoded on a computer readable medium for execution by, or t¢ control the operation of,
data processing apparatus. The computer readable medium can be 8 machine-readable
storage device, a machine-readable stovage substrate, a racmory device, a conposition of
matter affecting @ machine-readable propagated signal, or a combination of onc or more

3 i

of them. The terms “data processing apparatus”, “computing device” and “compuiing
processor” encompass all apparatus, devices, and machines for processing data, including
by way of example a programmable processor, a computer, or multiple processors or
computers. The apparatus can include, in addition to hardware, code that creates an

xecution cnvironment for the computer program in question, ¢.g., code that constitutes

(@]

processor firmware, a protocol stack, a database managerment system, an operating
system, or a combination of one or more of them. A propagated signal is an artificially
generated signal, e.g., a machine-generated electrical, optical, or electromagnetic signal
that is generated to encode information for transmission to suitable receiver apparatus.
183182 A computer program (also koown as an application, program, sofiware,
software application, script, or code) can be written in any form of programming
language, including compiled or interpreted languages, and it can be deployed in any
form, including as a stand-alonc program or as a module, componcnt, subroutine, or other
unit suttable for usc in a computing cuviromment. A computer program does not
necessarily correspond to a file in a file system. A program can be stored in a portion of
a file that holds other programs or data {e.g, one or more soripts stored in a markup
language document), in a single file dedicated to the program in question, or in multiple
coordinated files {2.g., files that store one or more modules, sub programs, or portions of
code). A computer program can be deployed to be executed on one computer or on
nultiple computers that are located at one site or distributed across multiple sites and
interconnected by a communication network,

(66183}  The processes and logic flows described in this specification can be performed

by onc or reore programmable processors executing one or more Corputer programs to
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perform functions by operating on input data and generating output. The processes and
logic flows can also be performed by, and apparatus can also be implemented ag, special
purpose logic circuitry, ¢.g., an FPGA (ficld programmable gate array} or an ASIC
{application specific integrated circuit).

1881541 Processors suttable for the execution of a computer program include, by way
of exaraple, both general and special purpose microprocessors, and any one or more
processors of any kand of digital computer. Generaily, a processor will receive
mstructions and data from a read only memory or a random access memory or both. The
essential elements of a computer are a processor for performing instructions and one or
more memory devices for storing instructions and data. Generally, a computer will also
mnclude, or be operatively coupled to receive data from or transter data to, or both, one or
more mass storage devices for storing data, e.g., magnetic, magneto optical disks, or
optical disks. However, a computer need not have such devices. Morcover, a computer
can be embedded in another device, ¢.g., a mobile telephone, a personal digital assistant
(PDA), a mobile audio player, a Global Positioning System (GPS) receiver, to name just
a few. Computer readable media suitable for storing computer program instructions and
data include all forms of non-volatile memory, media and memory devices, inchuding by
way of example semiconductor memory devices, ¢.g., EPROM, EEPROM, and flash
mermory devices; magnetic disks, ¢.z., internal hard disks or removable disks; magneto
optical disks; and CD ROM and DVD-ROM disks. The processor and the memeory can
be supplemented by, or incorporated in, spocial purposce logic eircuitry.

[B6155] To provide for interaction with a uscr, one or more aspects of the disclosure
can be implemented on a computer having a display device, e.g., a CRT (cathode ray
tubey, LOD (iquid crystal display) monitor, or touch screen for displaying information to
the user and optionally a keyboard and a pointing device, ¢.g., a mouse or a trackball, by
which the user can provide input to the computer. Cther kinds of devices can be used to
provide interaction with a user as well; for example, feedback provided to the user can be
any form of sensory feedback, e.g., visual feedback, auditory feedback, or tactile
feedback; and mmput from the user can be received in any form, including acoustic,
speech, or tactile input. [n addition, a computer can interact with a user by sending

documents to and receiving documents from a device that is used by the user; for
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exarnple, by sending web pages to a web browser on a user's client device in response to
requests received from the web browser.

[6¢156]  Une or more aspects of the disclosure can be implemented in a computing
system that includes a backend component, ¢.g., as a data server, or that includes g
middleware component, e.g., an application server, or that includes a frontend
component, ¢.g., 8 client computer having a graphical user interface or a Web browser
through which & uscr can wnteract with an frapiementation of the subject matier described
n this specification, or any combination of onc or more such backend, middleware, or
frontend components. The components of the system can be interconnected by any form
or medium of digital data communication, €.g., a communication network. Examples of
communication networks include a local arca network (“LAN”) and a wide arca network
{("WAN"), an inter-network (e.g., the Internet}, and peer-to-peer networks (e.g., ad hoc
pecr-to-peer networks).

(38187}  The computing system can include clients and servers. A client and server are
generally remote from cach other and typically interact through a communication
network. The relationship of client and server arises by virtue of coruputer programs
running on the respective computers and having a client-server relationship to each other.
In some implementations, a server transmits data (e.g., an HTML page) to a client device
(c.g., for purposes of displaying data to and recciving user input from a user interacting
with the chient device). Data generated at the chent device (e.¢., a result of the user
intcraction) can be reccived from the cliont device at the scrver.

[06158] While this specification contains many spectfics, these should not be
construed as limitations on the scope of the disclosure or of what may be claimed, but
rather as descriptions of features specific to particular implementations of the disclosure.
Certain features that are described in this specification in the context of separate
implementations can alse be implemented in combination in a single implementation.
Conversely, various featurcs that are described in the context of a single implementation
can also be implemented in multiple implementations separately or in any suitable sub-
combination. Morcover, although festures may be described above as acting in certain

combinations and even initially claimed as such, one or more features from a claimed
o 3
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combination can in some cases be excised from the combination, and the claimed
combination may be directed to a sub-combination or variation of a sub-combination.
(66159} Similarly, while operations are depicted in the drawings in a particular order,
this should not be understood as requiring that such operstions be performed o the
particular order shown or in sequential order, or that all illusirated operations be
performed, 1o achieve desirable results. In cortain civcumstances, multi-tasking and
paralicl processing may be advantageous, Morcover, the separation of various systera
components in the embeodiments described above should not be understood as requiring
such separation in all erabodimuents, and i should be understood that the described
program componcnts and systems can gencrally be integrated together in a single
software product or packaged into multiple software products.

1661601 A number of implementations have been described. Nevertheless, it will be
understood that various modifications rmay be made without departing from the spirit and
scope of the disclosure. Accordingly, other implementations are within the scope of the
following claims. For example, the actions recited in the claims can be performed in a

different order and still achieve desirable results.



WHAT IS CLAIMED IS:
1. A method (700) comprising:

receiving blood glucose measurements (BG) for a patient (10) at data processing
hardware (112, 132, 142) from a glucometer (124) in communication with the data
processing hardware (112, 132, 142), the blood glucose measurements (BG) comprising a
current blood glucose measurement (BG) measured at a current time (Tcurrent) and a previous
blood glucose measurement (BGprevious) measured at a previous time (Tprevious) earlier than the
current time (Tcurent), Wherein an elapsed time between the current time (Tcument) and the
previous time (Tprevious) defines a current time interval (Tnext); determining, using the data
processing hardware (112, 132, 142), an intravenous insulin infusion rate (IRR) based on the
current blood glucose measurement (BG) and the previous blood glucose measurement
(BGprevious);

determining, using the data processing hardware (112, 132, 142), a blood glucose
percentage drop (BGwprop) based on the current blood glucose measurement (BG) and the
previous blood glucose measurement (BGprevious);

determining, using the data processing hardware (112, 132, 142), a blood glucose drop
rate (BGproprate) based on the current blood glucose measurement (BG), the previous blood
glucose measurement (BGprevious), and the current time interval (Twext);

determining, using the data processing hardware (112, 132, 142), a next time interval
(TNext) from the current time (Tcurrent) until a next time of a next scheduled blood glucose
measurement (BGnext) for the patient (10) based on the current blood glucose measurement
(BG), the next time interval (Tnext) comprising a shorter duration of time than the current time
interval (Tnext) when:

the blood glucose percentage drop (BGuprop) is greater than a threshold
percentage drop (%DroprowLimit); OF
the blood glucose drop rate (BGproprate) 1S greater than a threshold drop

rate (BGpropRrateLimit); and

sending the intravenous insulin infusion rate (IRR) from the data processing hardware
(112, 132, 142) to a remote insulin administration device (123a, 123b) in communication with

the data processing hardware (112, 132, 142), for use in the administration of insulin to the
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patient (10) intravenously by the insulin administration device using the intravenous insulin

infusion rate (IRR).

2. The method (700) of claim 1, further comprising:

obtaining, using the data processing hardware (112, 132, 142), patient information
(208a) from memory hardware (24, 114, 144) in communication with the data processing
hardware (112, 132, 142), the patient information (208a) comprising:

a target blood glucose range (BGtr) for the patient (10) comprising a range of
blood glucose values between and including a lower limit blood glucose value (BGrry) and an
upper limit blood glucose value (BGtrn) greater than the lower limit blood glucose value
(BGtro);

a threshold hypoglycemia blood glucose value (BGaypo) for the patient (10),
the threshold hypoglycemia blood glucose value (BGaypo) less than the lower limit blood
glucose value (BGtry) of the target blood glucose range (BGtr);

a low blood glucose percentage drop limit (%DroprowLimit) for the patient (10)
when the current blood glucose measurement (BG) is less than the lower limit blood glucose
value (BGtrr) of the target blood glucose range (BGtr);

a regular blood glucose percentage drop limit (%Dr0OpregutarLimit) fOr the patient
(10) when the current blood glucose measurement (BG) is greater than or equal to the lower
limit blood glucose value (BGtry) of the target blood glucose range (BGr);

a blood glucose drop rate limit (BGproprateLimit) for the patient (10); and

a stable time period (Tswble) comprising a recommended duration of time
required for the current blood glucose measurement (BG) within the target blood glucose
range (BGtr) to determine a blood glucose concentration (BG) for the patient (10) is stable in
the target blood glucose range (BGtr),

wherein determining the next time interval (Tnext) comprises setting the next time
interval (Tnext) to a default time interval (Tpefautt) Or one of:

a preconfigured hypoglycemia time interval (Traypo) when the current blood
glucose measurement (BG) is less than the threshold hypoglycemia blood glucose value

(BGaypo);
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a preconfigured short time interval (Tshort) When:
the current blood glucose measurement (BG) is greater than the
threshold hypoglycemia blood glucose value (BGnypo) and less than the lower limit blood
glucose value (BGtry) of the target blood glucose range (BGtr) and the blood glucose
percentage drop (BGuwprop) 18 greater than the low blood glucose percentage drop limit
(%DroprLowLimit); OT
the current blood glucose measurement (BG) is greater than or equal to

the lower limit blood glucose value (BGtry) of the target blood glucose range (BGrr) and the
blood glucose percentage drop (BGwprop) is greater than the regular blood glucose percentage
drop limit (%Dropreguiarl imit);

a preconfigured blood glucose drop rate time interval (Tsgpr) when the blood
glucose drop rate (BGproprate) is greater than the blood glucose drop rate limit (BGpropRateLimit);

a preconfigured long time interval (Trong) when the current blood glucose
measurement (BG) has been within the blood glucose target range (BGr) for a duration of
time greater than the stable time period (Tstwble); or

a preconfigured meal bolus time interval (TmeatBolus) When a meal bolus
program is in operation, and

wherein the hypoglycemia time interval (Taypo) 1s less than the short time interval

(Tshort), the short time interval is less than the blood glucose drop rate time interval (Tsapr),
the blood glucose drop rate time interval (Tsgpr) is less than the long time interval (Trong),

and the meal bolus time interval (TMcaiBolus) 18 less than the long time interval (Trong).

3. The method (700) of claim 2, wherein determining the intravenous insulin infusion
rate (IRR) comprises calculating:
IIR=(BG—-K)*M
wherein IR is the intravenous insulin infusion rate (IRR), BG is the current blood
glucose measurement (BG), K is a constant, and M is a multiplier;
wherein determining the blood glucose percentage drop (BGeprop) comprises

calculating:
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BGprevious — BG
Percentage drop = <( Previous )>

B GPrevious

wherein BGprevious is the previous blood glucose measurement (BGprevious) and BG is
the current blood glucose measurement (BG); and
wherein determining the blood glucose drop rate (BGproprate) comprises calculating:
BGproprate = (BGPprevious— BG) / (Tcurrent — Tprevious)
wherein BGproprate 1 the blood glucose drop rate (BGproprae), BG is the current blood
glucose measurement (BG), BGprevious 1S the previous blood glucose measurement (BGprevious),

Tcurrent 18 the current time and Tprevious 1S the previous time.

4. The method (700) of claim 3, further comprising:

leaving the multiplier (M) unchanged between time intervals (Tnext) when the current
blood glucose measurement (BG) is greater than the upper limit blood glucose value (BGtru)
of the target blood glucose range (BGtr) and a ratio of the current blood glucose
measurement (BG) divided by the previous blood glucose measurement (BGprevious) 1S less
than or equal to a threshold ratio (La); and

multiplying the multiplier (M) by a change factor (Mcr) when the current blood
glucose measurement (BG) is greater than the upper limit blood glucose value (BGtru) of the
target blood glucose range (BGtr) and the ratio of the current blood glucose measurement
(BG) divided by the previous blood glucose measurement (BGprevious) is greater than the
threshold ratio (La).

5. The method (700) of claim 4, wherein the constant K equals 60 mg/dl and the
threshold ratio (La) is 0.85.

6. The method (700) of claim 4, further comprising dividing the multiplier (M)
by the change factor (Mcr) when the current blood glucose measurement (BG) is less than the

lower limit blood glucose value (BGrtry) of the target blood glucose range (BG1r).
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7. The method (700) of claim 3, further comprising, in response to receiving an
indication of patient (10) solid food consumption, increasing the intravenous insulin infusion
rate (IRR) and maintaining the multiplier (M) unchanged for at least two time intervals

(TNext) .

8. The method (700) of claim 7, further comprising:

receiving, at the data processing hardware (112, 132, 142), a number of estimated
grams of carbohydrates for a meal;

determining, using the data processing hardware (112, 132, 142), an estimated meal
bolus in units of insulin based on the number of estimated grams of carbohydrates and a
carbohydrate-insulin-ratio (CIR);

determining, using the data processing hardware (112, 132, 142), an estimated meal
bolus insulin rate, based on the estimated meal bolus, an available delivery time, and a
configurable constant;

determining, using the data processing hardware (112, 132, 142), a total insulin rate as
a sum of the intravenous insulin rate (IRR) and the estimated meal bolus insulin rate; and

sending the total insulin rate from the data processing hardware (112, 132, 142) to the

insulin administration device (123a, 123b).

9. The method (700) of claim 8, further comprising:

dividing a total meal time (TmeaBolus) into meal time sub-intervals (TmeaBolusn), a first
meal time sub-interval (TwmeaBolus1) Starting with a pre-meal blood glucose measurement (BG1)
before receiving the indication of patient (10) solid food consumption; and

determining, using the data processing hardware (112, 132, 142), the total insulin rate

for each meal time sub-interval (TMeaBolusN) i SUCCESSION.

10. The method (700) of claim 9, further comprising:
receiving, at the data processing hardware (112, 132, 142), a number of actual grams
of carbohydrates for the meal during a subsequent meal time sub-interval (TmeaBows2) after the

first meal time sub-interval (TmeaBolus1);
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determining, using the data processing hardware (112, 132, 142), an actual meal bolus
based on the number of actual grams of carbohydrates;

determining, using the data processing hardware (112, 132, 142), an estimated
delivered meal bolus by multiplying the estimated meal bolus rate by an elapsed delivery
time;

determining a remaining meal bolus in units of insulin, using the data processing
hardware (112, 132, 142), by subtracting a product of the estimated delivered meal bolus
insulin rate and an actual delivery time from the actual meal bolus;

determining, using the data processing hardware (112, 132, 142), a revised meal bolus
insulin rate as the remaining meal bolus divided by a time remaining in the total meal time;

determining, using the data processing hardware (112, 132, 142), a revised total
insulin rate as a sum of the intravenous insulin rate (IRR) and the revised meal bolus insulin
rate; and

sending the revised total insulin rate from the data processing hardware (112, 132,

142) to the insulin administration device (123a, 123b).

11. The method (700) of claim 10, wherein one or more of the meal time sub-intervals

(TwmealBolusn) comprise a shorter duration of time than the default time interval (Tpefautt).

12. The method (700) of claim 11, further comprising:

electronically displaying on a display (116, 143, 146) in communication with the data
processing hardware (112, 132, 142) a warning and blocking transition to a subcutaneous
administration of insulin when the current blood glucose measurement (BG) is outside a
stability target range (BGstr) included within the obtained patient information (208a), the
stability target range (BGstr) comprising a wider range of blood glucose values than the
range of blood glucose values associated with the target blood glucose range (BGtr); and

electronically displaying on the display (116, 143, 146) a warning when the current
blood glucose measurement (BG) is within the stability target range (BGstr) for less than a

threshold stability period of time (Tstable).
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13. The method (700) of claim 3, further comprising:

determining, using the data processing hardware (112, 132, 142), a total daily dose
(TDD) of insulin based on the multiplier (M) when the current blood glucose measurement
(BG) is within a stability target range (BGstr) for a threshold stability period of time (Tstabte);

determining, using the data processing hardware (112, 132, 142), recommended
insulin doses comprising a daily basal insulin and a daily meal insulin for subcutaneous
therapy as an apportioning of the total daily dose (TDD) of insulin, wherein the daily basal
insulin is half of the total daily dose (TDD) of insulin and the daily meal insulin is half of the
total daily dose (TDD) of insulin; and

sending the recommended insulin doses from the data processing hardware (112, 132,
142) to a subcutaneous injection device (123a, 123b) or electronically displaying the
recommended insulin doses on a display (116, 143, 146) in communication with the data

processing hardware (112, 132, 142).

14. The method (700) of claim 13, further comprising determining, using the data
processing hardware (112, 132, 142), the total daily dose (TDD) of insulin by calculating:
TDD = (BGrarget — K) * (Mrrans) * 24

wherein TDD is the total daily dose of insulin, Mrrns 1S a current multiplier at a
moment of initiation of a process of a transition to subcutaneous insulin treatment; and

BGrarget 1s determined by calculating:

BGrarget = (BRTrRE+ BR1RL) / 2

wherein BRtru is the upper limit blood glucose value (BGtri) of the blood glucose
target range (BGtr) and BR1ry is the lower limit blood glucose value (BGtrr) of the target
blood glucose range (BGtr).
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15. The method (700) of claim 13, further comprising determining, using the data
processing hardware (112, 132, 142), the total daily dose (TDD) of insulin as a function of a

patient (10) body weight by calculating:
TDD = 0.5 * Weight
wherein TDD is the total daily dose of insulin and Weight is a patient (10) body

weight in kilograms.
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New Patient Information

Name: {John Doe
Height: {5'8"

!

i

!

; Weight: 1210 908
| Dateof Birth: |4/10/1938 e 116,146
; Diabetss History l//
|

i

!

i

i

Age: {75 :
Other: i
i
i
i
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New Patient Information

Patient Name Patient ID] Room
;Adkins, Frankie 704563 | 502 EL,» - 2084
Anderson, Mike 705648 504

Anton, Mike 712548 302 - ~116,148
Briggs, George 702589 308

Brown, Dan ¥ SubQ 701112 506

Brown, Paul A A 709895 444

Burchiield, John 712544 412
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=

initial 1V Dosing Information

initial Multipliern
Target Range:

Low Limit:
High Limit

iV Meal Bolus 1 {1
enable disabie

Standard Hospital meal 80 gms of carbohydrate
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. 16,148
Current Patient {intravenous)
F™ Name: JohnDoz  Room: 302(ER) L/ -~ 208a
|Pationt ID: 7045162 _ Date of Binth: 4/10/1930 |

230,
2308

230,
230D

!
Last insulin Rate: §.4 units/hr f F ";\j""t"'é:"{; -
Target Range: 80-120 ma/d! ! | i, |
Next BG Due: 7/24/2013 a1 1516 ; E BG DUE! E\W”'""
mmmmmmmmmmmmm et f Soommommmoommsscecoaseann ........E
Fia pien tee § ate |
(3 Minutes Late)
P E
18 Alarm Off fh
b oo oo mmen i i

—~ 430

T~ 432

T 434

FIG. 4B

Current Patient subcutaneous)

116,148

MName: John Doe Room: 302 {(ER)
atient 1D: 7045162 Date of Birth:  4/10/1938

P
M

2088

Basal insulin: Lantus
insulin Type: Novolog

§ .
Last BG: 151 mg/di {(Jones, Sug) ; ! Next BG Due: i -
BG Type: Dinner P Lunch 5
Basal Dose: 15 units {1 dose per day) | | ;
NextMeal Dose: Sunits & m
E"" ““““““ 1
i § Alarm On EL-M““’
E

T~ 430

T~ 434
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Current Patient 116,148
P Ramer JoimBos T Roem: TR ERT i_/ — 2088
\Patient [0 7045162 _Date of Birth: 4/10/1938 _ |

230,
230c

Entar BG Value:

Re-~-Enter BG Value:

Is this a pre-meal BGY

Meal Plan-Number of
Carbs Per Meal:

{ Cancel j [Cantmue}

Caution: Fhysician order required

FIG. 4D

Current Patient

116,146

I™ Name JohnbDos  Room: 302(ERy |
Date of Birth:  4/10/18938

L 2088

Concentration

80-120
mg/di

90-120
mg/di

Current nsulin Last BG |

i

! ; .
1.2 119 { e

! «Enter BG &
Unitsihr mg/di ; J—— g

| StartMeal bt
Target Range insulin i

!

!

i

I

430

436
438
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Enter Blood Glucose Value 116,146
P Ramer JoimBos T Roem: TR ERT i_/ — 2088
\Patient [0 7045162 _Date of Birth: 4/10/1938 _ |

230,
230c

Entar BG Value:

Re-~-Enter BG Value:

Meal Plan-Number of
Carbs Per Meal:

{ Cancel j [Cantmue}

Caution: Fhysician order required

FIG. 5C

Current Patient

116,146

I™ Name JohnbDos  Room: 302(ERy |
Date of Birth:  4/10/18938

L 2088

Current nsulin Last BG ;
i
! ; .
1.2 119 Enter BG bt
Units/hy mg/di ; Srm—
| Start Meal pot
Target Range insulin i
Concentration I ‘ """" "
i V!
i Boius |
90-120 90-120 1 BN
mg/dl g/l i | SO
mmmmmmmmmmmmmmmm i

430

436
438

~~ 440
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Enter Blood Glucose Value 116,146
(™ Nams JohnBes ™~ 7% Room: 302 fER) ™ L 208a
Patient ID: 7045162 __Date of Bty 4/10/1938 "

(id the Patient Eat?

O Yes

g Cancel } {Coni‘inue}

FIG. 5E

116,146
Enter Blood Glucose Value
™ Name: JohnDoe ~ F Room: 302(ER} |} e
i_fatient iD: 7045162 Date of Birth:  4/10/1938 L“.,/

Did the Patient Eat?

Yes O No

How much did the Patient eat?
(O 2s%ofMeat () 50% of Meal
(O 75%ofMeat () 100% of Meal

Q Actual Number of Carbs: E:j

( Cancel } {Cominue}

FIG. 5F
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Yes

Is
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(BGLw<BG<

814

& BG‘E‘RH) for Time )

TStab!e ?

No "

Post Warning
that patient has Not been in-
Target for the required time.
Ask what to do.

Yes

‘

612
S

Record Transition
Multiplier.
Use stability data to
caiculate TDD

620

5

606

Post warning

610

fRiack Transition
\ toswa J

616

2

< ;_. Continue }
o o suba Ji

Recommended SubO
doses:

Each Basal dose

Record Transition Multiplier.
Use Non-stability methods to
calculate TDD

Each MeaiBolus

6524

FIG. 6A

' etur s:s

" Selector: ™,

IV Insulin
Program
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622 ™4

Display brief sxplanation of Transition
process inciuding:

Remaining time unill mandatory
discontinuation of GM IV

Display Basal Dose
In interactive Basal administration
popup.

Yas
830

.

iF
~ Hrs since First Basal > P
"o, TransitionRunTime? "

= Display full SubQ
regimen.

e  Create copy for printing/
saving

628

dd patient nto|
SubQl |
Current
Patiants lisyy”

{ Discontinue IV
Yy Insulin program 4

7

¢

o (Continue to display sign
“Transition to SubQ in
Progress”

s Continue IV Program's
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Start SUBQ Patients 116,146
beien D s __owecom vmy_ L]

Transition Patient to SubQ

Warning:

The A10 value of this patient is less than 6. Normally a patient
with an A1C of less than 6 does not need o be transifioned to
SubQl insulin therapy.

Are you sure you want 1o continue?

{ Cancel 3{ Yes }

Caution: Physician order required

FIG. 6C

Start SUBQ Patients

116,146

- 208a

F™ Name: JohnDoe  Room: 302(ER) |
[Pationt 10 7045162 __Dato of Bty 4i10/1938 L
After SubQ Transition:

Q Continue patient on Glucommander SubQ

Q Discontinue patient from Glucommander

{ Cancel } [ Save }

Caution: Physician order required

FIG. 6D
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Start SUBQ Patients 116,146
F™ Name: JohnDee | Room: 302{ERy L// -~ 208a
EEatieni i 7045162 Date of Birth:  4/10/1338

After SubQ Transition:
(O Continue patient on Glucommander SubG

(O Discontinue patient on Glucommander SubQ

Ordersst

Type:

Diabetes: Basal insuiin:

Basal % of Daily Basal

THD: Distribution: E ! Dose Per Daygvgs

Bolus % of
TOD:

Start SUBQ Patients 116,148
(™ Tamer JomBos T T Reom BRERTTE 4~ 208a

E_F_:’a‘(ient D 7045182 Date of Birth:  4/10/1938

Transition Patient to SubQ)
inject Patient With: Give Now ()
5 Units of Lantus

sives Latet
Modify Dose Give Later Q

WARNING:

Do not D/C insulin. System will prompt for houry O
blood glucose checks. .

g Cancel } { Save }

Caution: Physician order required

FIG. 6F
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Transition Patient to SUBQ 116,146
[~ Name: JohnDos — " “Reom: abzTER . 2083
lPatient D 7045162 __Dete of Bt 410/1a38 _ L—"

Transition Patient to SubQ

Discontinue 1V Insulin O

WARNING: O

Patient is stable. Discontinue IV insulin (o prevent
hypogiyeemia.

Note: Make sure potassium (K} is greater than 4.0...

{ Cancel 3 { Save }

Caution: Physician order required

FIG. 6G
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700 *"\1

Receiving Biood Glucose Measurements On A Computing Device From
A Glucometer, The Blood Glucose Measurements Separated By A Time b 702
interval

#

Determining, Using The Computing Device, An Intravenous Insulin Dose
Rate Based On The Blood Glucose Measurements

- 704

Y

Determining, Using The Computing Device, A Blood Glucose

Percentage Drop Based On The Blood Glucose Measurements 706

4
Determining, Using The Computing Device, A Blood Glucose Drop Rate

Bassd On The Blood Glucose Measuremenis And e F 07
The Time interval

4

Decreasing The Time Interval Between Blood Glucose Measuremenis
By The Glucometer When The Blood Giucose Percentage Drop is . 708
Greater Than A Threshold Percentage Drop

4

Decreasing The Time Interval Between Blood Glucose Measurements
When The Blood Glucose Drop Rate Is Greater Than A Threshold Drop ™~ 710
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