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(57) Abstract: A method (1600) of administering insulin mcludes receiving blood glucose measurements (BG) ot a patient (10) at a
data processing device (112) from a glucometer (124). The blood glucose measurements are separated by a time interval (T wex). The
method also includes receiving patient information (208a) at the data processing device and selecting a subcutaneous insulin treat-
ment (900, 1100, 1200, 1300, 1400) from a collection of subcutaneous insulin treatments. The selection is based on the blood gluc -
ose measurements and the patient information. The selection includes one or more of a subcutaneous standard program (900), a sub-
cutaneous program without meal boluses (1100), a meal-by-meal subcutaneous program without carbohydrate counting ( 1200), a
meal-by-meal subcutaneous program with carbohydrate counting (1300), and a subcutaneous program (1400) for non-diabetic pa-
tients. The method also includes executing, using the data processing device, the selected subcutaneous insulin treatment.
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INSULIN MANAGEMENT

TECHNICAL FIELD
6001} This disclosure relates to a system for managing insulin administration or

msulin dosing.

BACKGROUND
186621 Today, nearly 40% of patients adrotited to acute care hospitals in the United
States experience either hyperglycemia or hypoglycemia, both serious medical
conditions. Many of these paticnts have diabetes while others have fluctuating blood
sugars due to trauma, drug reactions, stress and other factors. Nurses and doctors
managing these patients manually calculate insulin doses using coruplex paper protocols.
18863} Manual calculation may not be accurate due to human error, which can lead to
patient safety issues. Different institutions use multiple and sometimes conflicting
protocols to manually calculate an insulin dosage. Moreover, the protocols may include
extra paperwork that murses and physicians have to manage, which in turn leads t©
worktlow nefficiencies, additional operating costs, and eraployee satisfaction issues.
SCIP (Surgical Care Improvement Project) scores, length of stay, readmission and even
mortality rates adverscly affect sub-optimal glycemic management.
[6004] The prevalent method of regulating continnous intravenous insulin infusion is
by using a set of written instructions, known as a paper protocol. Paper protocols often
mnvolve a tree of conditional statements and some use of tables of numbers, for which a
given blood glhicose value dictates the use of a different column of insulin rates. The
complexity of these paper protocols multiplies the probability of ervor by the nurses using

them. These errors can lead to hypoglycemic events.

SUMMARY
RUEIRY One aspect of the disclosure provides a method of admunistering insulin. The
wethod includes receiving blood ghucose measurements of a patient at a data processing
device from a glucometer. The blood glucose measurements are separated by a time

interval. The method also includes receiving patient jnformation at the data processing
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device. The method includes selecting, using the data processing device, a subcutancous
insulin treatraent from a collection of subcutancous insulin treatruents. The selection is
based on the blood ghicose measurements and the patient information. The selected
subcutancous nsulin treatment inchades one or more of a subcutancous standard program,
a subcutaneous program without meal boluses, a meal-by-meal subcutaneous program
without carbohydrate counting, a meal-by-rucal subcutancous program with carbohydrate
counting, and a subcutaneous program for non-diabetic patients. The subcutaneous
standard program includes determining a blood glucose type of the received blood
glucose measurement using the data processing device and determining a correction
msulin dose based on the blood glucose type using the data processing device. The
method also meludes cxecuting, using the data processing device, the sclected
subcutaneous insulin treatment.

[6066] Implementations of the disclosure may include one or more of the following
optional features. In some implementations, the method inchudes receiving a governing
blood glucose value, and determining an adjustment factor based on the received
governing blood ghicose value. Determining the adjustment factor may include
determining when the governing blood glucose value is within a threshold range of
values, and setiing the adjustraent factor to a preconfigured adjustment factor based on
the threshold range of values. In some implementations, the method includes
determaining a Carbohydrate-to-Insulin Ratio based on the adjustment factor. The blood
gliucose type is associated with a blood glucose time associated with a time of measuring
the blood glucose measurement. The blood glucose type is selected from the group
consisting of: a pre-breakfast blood glucose measurement, a pre-funch blood ghucose
nmcasurement, a pre-dinner blood glucose measurement, a bedtime blood glucose
measurement, a midsleep blood glucose measurement and a miscellaneous blood glucose
measurement.

18067} In some exarples, the method ncludes determining, using the data processing
device, if a breakfast blood glucose measurement has been received at the data processing
device from the glucometer. When the breakfast blood glucose measurerment has been
received, the method includes selecting, using the data processing device, a governing

biood ghicose as a lesser one of a previous mudsleep blood glucose measurement or the

o



(9]

(53]

WO 2015/116401 PCT/US2015/011574

breakfast blood ghicose mcasurement. The method further includes determining, using
the data processing device, an adjustment factor for adjusting a current day’s
recommended basal dose based on the selected governing blood ghicose measurement
and retrieving, by the data processing device, a previous day’s bed timae recommended
basal dose. The method further includes determining, by the data processing device, the
current day's recorarmended basal dose by multiplying the adjustment factor times the
previous day’s bed time recomunended basal dose. The current day’s recoromended basal
dose corresponds to an insulin dosc of long-acting insulin to be administered to the
patient at a configurable frequency of one, two, or three times per day. When the
breakfast blood ghicose measurement has not been recetved, the method includes
blocking, using the data processing device, a basal dose recoromendation and
transmitting a warning from the data processing device to a display in communication
with the data processing device. The warning indicates the blocked basal dose
recommendation.

[ BG08] The method further includes receiving, at the data processing device, a
breakfast blood glucose measureracnt from the glucoroeter and selecting, using the data
processing device, a governing blood glucose as one of a previous midsleep blood
glucose measurement and the received breakfast blood ghicose weasurement. The
method also includes, determining, using the data processing device, and adjustment
factor for adjusting a current day’s recornmended basal dose based on the sclected
governing blood ghicose measurement and retrieving, by the data processing device, a
previous day’s bed timne recornmended basal dose. The method further includes
determining, by the data processing device, the current day’s recommended basal dose by
nubtiplying the adjustment factor times the previous day's bed time recommended basal
dose. The current day’s recommended basal dose corresponds to an insulin dose of long-
acting insulin to be administered to the patient at a configurable frequency of one, two
or three times per day. The governing blood glucose 1s selected as the previous midsleep
blood glucose measurement when the previous midsleep blood glucose measurement is
less than the breaktast blood glucose measurement. The governing blood glucose s
selected as the breakfast blood glucose measurement when the breakfast blood glucose

measurcment 18 less than the previous midsleep blood ghucose measurement unless the
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previous midsleep blood glucose measurement was accompanicd by a correction insulin
dose exceeding three units of wnsulin, and an elapsed time between the correction insulin
dose and the breakfast blood glucose measurerent is less than three hours.

[8069] When the determined blood ghucose type is one of a breakfast blood glucose
measurement, a lunch blood glucose measurement, or a dinner blood glucose
measurement, the racthod includes determining, using the data processing device, an
adjustment factor for adjusting a next day’s recoromended meal bolus at 4 tivoe of day
associated with the determined blood glucose type based upon the subsequent blood
glucose measurement, after a subsequent blood glucose racasurerent associated with a
subsequent blood glucose type 18 reccived. The method also includes determining, by the
data processing device, the next day’s recomracnded meal bolus at the tirae of day
associated with the determined blood ghicose type by multiplying the current day’s
recommended raeal bolus asseciated with the determined blood glucose type times the
adjustment factor.

18616} The subcutancous program for non-diabetic pationts includes, for cach blood
ghucose rocasurement received by the data processing device from the glucometer that is
fess than or cqual to a threshold value, determining, using the data processing device,
new currently-recommended insulin doses by multiplying all currently-recoramended
insulin doses by a dose reduction factor including a value less than one. The method
inecludes recalculating, using the data processing deviee, a total daily dosc of insulinas a
sum of all the new currently-recommended insulin doses. The subcutaneous meal-by-
meal without carb-counting program includes determining, using the data processing
device, a recommended bolus for use throughout the day. For cach meal, the method
includes adjusting the meal bolus, using the data processing device, by multiplying an
imroediately previous recornmended meal bolus times an adjustment factor governed by a
blood ghicose measurement received after an immediately previous meal associated with
the immediately previous recommended weal bolus. The subeutancous meal-by-meal
with carb-counting program includes determining, using the data processing device, a
carbohydrate-insulin ratio for use throughout the day. For cach meal, the method
inchudes adjusting the carbohydrate-insulin ratio, using the data processing device, by

dividing an immediately previous carbohydrate-insulin ratio associated with an
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tmmediately previous meal by an adjustment factor governed by a blood glucose
measurement received after the immediately previous meal.

(6611} The method further inchudes transmitting the selected subcutancous insulin
treatrnent to an administration device in communication with the data processing device,
The administration device inchides a doser and an administration computing device in
comrunication with the doser. The adminsstration computing device, when exccuting
the selected subcutaneous insulin treatiment, causes the doser to admindster insulin
specified by the selected subcutancous msulin treatment. The administration device
includes at least one of an msulin injection pen or an 1nsulin purap.

86124 Another aspect of the disclosure provides a system for administering insulin.
The systern includes a glucomcter measuring blood glucose rucasurcments scparated by a
time interval and a dosing controller in communication with the glacometer. The dosing
controller includes a data processing device and non-transitory mermory in
communication with the data processing device. The desing controller receives blood
ghicose measurements of a patient from the glucometer and receives patient information.
The dosing coutroller further selects a subcutancous fusulin treatment from a collection of
subcutancous insulin treatments based on the blood glucose measurements and the patient
nformation. The selected subeuntancous insulin treatment inclodes one or more of a
subcutaneous standard program, a subcutancous program without meal bolises, a meal-
by-meal subcutancous prograrn without carbohydrate counting, and a subcutancous
program for non-diabetic paticuts. During the standard subcutaneous program, the
dosing controller determines a blood glucose type of the received blood glucoese
measurement and determines a correction insulin dose based on the blood ghucose type.
The dosing controller further includes executing the selected subcutancous insulin
freatment.

[6613] in some examples, the dosing controller receives a governing blood ghicose
value and determines an adjustment factor based on the received governing blood glacose
value. The dosing controller determines the adjustiment factor by determining when the
governing blood ghucose value 18 within a threshold range of values and sets the
adjustment factor to a pre-configured adjustment factor based on the threshold range of

valucs., The dosing controller further determines the adjustment factor by deterruining the
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governing blood glucose value is within one of multiple pre-configured ranges of values
and sets the adjustroent factor to a pre-configured adjustment factor associated with the
pre-configured range of values that includes the governing blood ghicose value. In some
examples, the dosing countroller determines a carbohydrate-to-insulin ratio.

18014} The blood ghicose type s associated with a blood glucose time associated
with a time of measuring the blood glucose measurement. The blood glucose type is
selected from the group consisting of! a pre-breakfast blood glucose measurement, a pre-
funch blood glucose measurement, a pre-dinner blood glucose measurement, a bedtime
blood glucose measurerent, a midsleep blood ghicose measurement and a miscelancous
biood ghucose measurcment.

[8615] In sorac implementations, the dosing controller determines it a breaktast
blood ghicose measurement has been received at the data processing device from the
glucometer, When the breakfast blood glucose mceasurement has been received, the
dosing controlier selects a governing blood ghucose as a lesser one of a previous midsleep
blood glucose measurement or the breakfast blood glucose measurement. The dosing
controller further determines an adjustracnt factor for adjusting a current day’s
recommended basal dose based on the selected governing blood glucose measurement,
retrieves a previous day’s bed time recomrended basal dose and determmines the current
day’s recommmended basal dose by nmltiplying the adjustment factor times the previous
day’s bed time recoramended basal dose. The current day’s recoramended basal dose
corresponds to an insulin dose of long-acting insulin to be administered to the patient at a
contigurable frequency of tone, two, or three tirnes per day. When the breakfast blood
glhicose measurement has not been received, the dosing controller blocks a basal dose
recomimendation and transmits a warning to a display in communication with the dosing
controller. The warning indicates the blocked basal dose recommendation.

{6016} In some examples, the dosing controller receives a breakfast blood glucose
measurement froro the glucometer and selects a governing blood glucose as one of a
previous midsleep blood glucose measurement or the recetved breakfast blood glucose
measurement. The dosing controlier also determines an adjustment factor for adjusting a
current day’s recommended basal dose based on the selected governing blood ghicose

measurement and retricves a previous day’s bed time recommended basal dose. The
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dosing controller further determines the current day’s recommended basal dose by
multiplying the adjusiment factor tirnes the previous day’s bed time recommended basal
dose. The current day’s recommended basal dose corresponds to an insulin dose of long-
acting insulin to be adrmmistered to the patient at a configurable frequency of one, two, or
three times per day. The governing blood glucose is selected as the previous midsieep
blood glucose measurement when the previous midsleep blood glucose measurement is
less than the breakfast blood glucose measurement. The governing blood glucose 18
selected as the breakfast blood glucose measurement when the breakfast blood glucose
measurement 18 less than the previous raidsleep blood glucose measarement unless the
previous midsleep blood glucose measurement was accompanicd by a correction insulin
dose exceeding three units of insulin and an elapsed time between the correction insulin
dose and the breakfast blood glucose measurerent is less than three hours.

16617} When the determined blood ghucose type is one of a breakfast blood glucose
measurement, a lunch blood glucose measurement, or a dinner blood glucose
measurement, after a subsequent blood ghicose measurement associated with a
subsequent blood glucose type is received, the dosing controller determines an
adjustment factor for adjusting a next day’s recommended meal bolus at a time of day
associated with the determined blood glucose type based upon the subsequent blood
ghicose measurement. The dosing controller further determines the next day’s
recomracnded meal bolus at the tirae of day associated with the deterrmimed blood glucose
type by multiplying the current day’s recommended meal bolus associated with the
determined blood glucose type titnes the adjustment factor,

3018} During the subcutancous program for non-diabetic patients, the dosing
controlicr determines a new currently-recommended insulin doses by multiplying all
currently-recommended 1nsulin doses by a dose reduction factor including a value less
than one and recalculates a total daily dose of insulin as a sum of all the new currently-
recommended msulin doses, for cach blood glucose measurement received by the dosing
controtler from the glucometer that is less than or equal to a threshold value. During the
subcutancous meal-by-mcal without carb-counting program, the dosing controller
determines a recommended meal bolus for use throughout the day. For cach meal, the

system adjusts the macal bolus by multiplying an immediately previous reconunended

~3
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ncal bolus times and adjustment factor governed by a blood glucose measurement
received after an Umumediately previous meal associated with the imaroediately previous
recommended meal bolus. During the subcutancous meal-by-meal with carb-counting
program, the dosing controller deterraines a carbohydrate-insulin ratio for usc throughout
the day. For each meal, the system adjust the carbohydrate-imsulin ratio by dividing an
tmracdistely previous carbohydrate-insulin ratio associated with an immediately previous
meal by an adjustment factor governed by a blood glucose measurcment received after
the immediately previous meal.

18619} In some exaraples, the dosing controller transmits the selected subeuntancous
tnsulin treatment fo an administration device in communication with the dosing
controlier. The adrumistration device includes a doser and an adnunistration computing
device in communication with the doser. The administration computing device, when
exccuting the selected subcutancous nsulin treatment, causes the doser to administer
tnsulin specified by the selected subcutancous insulin treatment. The administration
device includes at least one of an insulin injection pen or an insulin pump.

16628} The details of one or more iraplementations 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, and from the claims.

DESCRIPTION OF DRAWINGS
18621} FIG. 1A is a schematic view of an exemplary system for monttoring blood
ghicose level of a patient.
16622} FIG. 1B is a schematic view of an exeroplary system for wonitoring blood
glucose level of a patient.
8623} F1G. 1C 18 a schematic view of an exemplary administration device in
communication with a dosing controller.
[6624] FIG. 2A 18 a schematic view of an exeraplary process for monitoring the blood
glucose level of a patient.
[6G25] FI1G. 2B is a schematic view of an exemplary display for inputting patient

information.
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{8026} FiG. 2C is a schematic view of an exemplary display for selecting a patient

from a list of patients.

66271 FiG. 3 is a schematic view of an exemplary dose calculation process of FIG.
A
[B028] FIG. 4A is a schematic view of an exemplary calculation of the intravenous

tirae interval of FIG. 2A.
16029] FIGS. 4B and 4C are schematic views of au exemplary display showing the

time a next blood glucose measurement is due.

186346} FIG. 4D is a schematic view of an exemplary display for inputting paticot
information.
6631 FIG. 4E 15 a schematic view of an exemplary display of patient information

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

16632} FIGSK. 5A and 5B are schematic views of an exeraplary meal bolus process of
FIG. 2A.

86334 FIGS. 5C and 5D are schematic views of exemplary displays requesting
information from the user,

[6034] FIGS. 6A and 6B are schematic views of an exemplary subcutancous
transition process of FIG. 2A.

[B635] FiG. 6C is a schematic view of an exemplary warning to the user relating to
the patient.

[6G36] FIG. 613 1s a schematic view of an exemplary display inguiring whether the
patient should continue treatment or stop.

86371 FI(G. 6F 1s a schematic view of an exemplary display requesting information
from the user relating to the patient.

6638 FIG. 6F 1s a schernatic view of an exemplary display showing the
recommended dose of insulin.

18039] FIG. 66 is a schematic view of an exemplary view to the user relating to
transitioning a patient to subcutancous delivery.

18046] FIG. 7 15 a schematic view of an exemplary correction boluses process.

60641} FIG. 8 is a schematic view of an exemplary adjustment factor process.
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180421 Fi(:. A and 9B are a schematic view of an exemplary subcutaneous standard
program.

[60G43] FIGS. 9C- 9F are schematic views of exemplary displays requesting
mformation from the user relating to the patient.

180441 FI(G. 10 1s a schematic view of an exemplary subcutaneous for tube-fed
paticnts process.

[6045] FIG. 11 is a schematic view of an exemplary subcutaneous process without
meal boluses.

[8046] FIGS, 12A and 12B are a schematic view of an exemplary meal-by-meal
subcutanoous process without carbohydrate counting,.

6047} FIGS. 13A and 13B arc g schematic view of an exemplary meal-by-meal
subcutaneous process with carbohydrate counting.

[8048] FI1G. 14A and 14B arc a schematic view of an excmplary subcutancous non-
diabetic process.

(8049 FiG. 15 is a schematic view of an exemplary arrangement of operations for
administering msulin.

[6G58] FI1G. 16 is a schematic view of an exemplary arrangement of operations for
administering nsulin,

8051 Like reference symbeols in the various drawings indicate like clements.

DETAILED DESCRIPTION
80524 Diabetic hospital patients who cat meals often have poor appetites;
consequently, co-ordination of meal boluses and meals 1s dithicalt. Meal boluses without
meals cause hypoglycemia; meals without meal boluses cause hyperglycenua. Different
providers may use different methods of adjusting doses: some may use formulas of thewr
OWIL SOme may use paper protocols that are complex and difficult for the murse to follow,
lcading 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 18 no currently no computerized method of tracking the patient’s status. For non-
diabetic patient who get include due to “siress hyperglycemia” when they are very sick or

undergoing surgery, there is no current method of montitoring their recovery when the
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stress subsides and their need for insulin rapidly decreases. If the dose regimen does not
decrease rapidly also, hypoglycerma may result. Therefore, it ts desirable to have a
clinical support system 100 (FIGS. 1A and 1B) that monitors patients” blood glucose
fevel,

[B053] Referring to FIG. 1A-1C, in some implementations, a chinical decision support
systern 100 analyzes inputted pationt condition pararacters for a pationt 10 and calculates
a personalized dose of insulin to bring and roaintaio the paticot’s blood glacose levelnto
a target range BGyr. Morecover, the system 100 monitors the glucose levels of a patient
10 and calculates recommended intravenous or subcutancous insulin dose to bring the
patient’s blood glucose into the preferred target range BGrp over a recommended period
of time. A quahified and trained healthcare professional 40 may use the system 100 along
with clinical reasoning to determine the proper dosing administered to a patient 1.
Therefore, the system 100 18 a glycenuc management tool for evaluation a patient’s
current and cumulative 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, msulin doses being
administered to the patient 10, ¢.g., long-acting insulin doses for basal insulin and rapid-
acting nsulin doses for meal boluses and correction boluses. Based on those
measurements (that may be stored in non-transitory memory 24, 114, 144}, the system
100 recomrends 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 1nformation}
physician’s determined blood glucose target range BGrg. The system 100 also considers
a patient’s insulin sensitivity or improved glycemic management and outcomes. The
systern 100 may take into account pertinent patient information such as devoographics
and previous resuits, leading to a more efficient use of healtheare resources. Finally, the
system 100 provides a reporting platform for reporting the recoromendations or
prescribed dose(s) to the user 40 and the patient 10. In addition, for diabetic patients who
eat meals, the system 100 provides faster, roore rehiable, and more efficient insulin
administration than a human monitoring the insulin administration. The system 100

reduces the probability of human crror and insures consistent treatment, due to the
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system’s capability of storing and tracking the patient’s blood glucose levels BG, which
may be used for statistical studies. As for paticuts who are tube-fed or do not eat meals,
the system 100 provides dedicated subprograms, which in turn provide basal isulin and
correction boluses but no meal boluses. Patients who are tube-fed or who do not ecat
usually have a higher basal insulin level than patients who eat, because the carbohydrates
in the nutritive formula arc accounted-for in the basal insulin, The system 100 provides a
meal-by-tocal 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 . The system 100 provides a meal-by-rocal adjustment
of Meal Boluses with carbohydrate counting by providing a dedicated subprogram that
adjusts meal boluses based a Carbohydrate-to-Insulin Ratio (CIR) that is adjusted at cach
meal, based on the CIR used at the immediately preceding meal bolus and the BG that
followed 1t.

18054] Hyperglycemia is a condition that exists when blood sugars are too high.
While hyperglycermia is typically associated with diabetes, this condition can exist in
many patients who do not have diabetes, yet have elevated blood sugar levels caused by
trauma or stress from surgery and other complications from hospital procedures. Insulin
therapy 1s used to bring blood sugar fevels back into a normal range.

[8055] Hypoglycemia may occur at any time when a patient’s blood glucose level is
below a preferred target. Appropriate managerment of blood glucose levels for critically
ilf patients reduces co-morbidities and is associated with a decrease in infection rates,
fength of hospital stay, and death. The treatment of hyperglycemia may differ depending
on whether or not a patient has been diagnosed with Type 1 diabetes mellitus, Type 2
diabetes mellitus, gestational diabetes mellitus, or non-diabetic stress hyperglycemia.

The blood glucose target range BGrr 1s defined by a lower limit, 1.e.,, a low target BGrpp
and an upper limit, 1.¢., a high target BGyra.

[8056] Stress-related hyperglycemia:  Patients often get “stress hyperglycerma” if
they are very sick or undergoing 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
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their need for insulin rapidly decreases. For non-diabetic patients, the concern is that
their need for insulin decreases faster than their dose regimen, leading to hypoglycemia.
[6G57] [Habetes Mellitus has been treated for many years with insulin. Some
recurring terros and phrases are deseribed below:

| B058] Injection: Administering insulin by means of manual syringe or an insulin
“pen,” with a portable syringe narned for its resemblance to the farniliar writing
imaplement.

[6G59] {nfusion: Administering msulin in a continuous manner by means of an
insulin pump for subeutancous insulin or an 1ntravenous apparatus 123a, both of which
are capable of continnous administration.

(0066} Intravenous Insulin Therapy: Intravenous infusion of insulin has been
approved by the U.S. Food and Drug Administration as an acceptable indication for use.
Intravenous infusion is the fastest of all msulin administration routes and, typically, only
available in the hospital setting. For instance, in infensive care units, the patients 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 in an intravenous infusion at an
insulin infusion rate HR. The IR is regulated by the frequent testing of blood ghucose,
typically at intervals between about 20 minutes and 2 hours. This is combined with a
protoco! in which a new HR is computed after cach blood glucose test,

0061} Basal-Bolus Therapy: Basal-bolus therapy is a term that collectively refers to
any insulin regimen involving basal insulin and boluses of insulin.

[9062] Basal Insulin: Insulin that is intended to metabolize the glucose relcased by a
patient’s the liver during a fasting state. Basal insulin is administered in such a way that
it maintains a background level of insulin in the patient’s blood, which is generally steady
but way be varied 1n a progravomed manner by an insulin pump 123a. Basal msulinis a
slow, relatively continnous supply of insulin throughout the day and night that provides
the low, but present, insulin concentration necessary to balance glucose consumption
{ghicose uptake and oxidation} and glucose production {glucogenolysis and
gluconeogenesis). A patient’s Basal insulin needs are usually about 10 to 15 mU/kg/hr
and account for 30% to 50% of the total datly insulin needs: however, considerable

vartation occurs based on the patient 10,
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18863} Bolus Insulin: Insulin that is administered in discrete doses. There are two
maio types of boluses, Meal Bolus and Correction Bolus.
[ 8364} Meal Bolus: Taken just before a meal in an amount which is proportional to
the anticipated mmmediate cttect 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, 1.¢., 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:

Meal Insulin Bolus = {grams of carbohydrates n the meal} / CIR {1}
[6065] Correction Bolus CB: Injected immediately after a blood ghacose
measurement; the amount of the correction bolus is proportional to the error in the BG
{i.c., the bolus is proportional o the difference between the blood ghicose measurement
BG and the patient’s personalized Target blood glucose BGraew). The proportionality
constant 1s a personalized number called the Correction Factor, CF, and is calculated as
follows:

CB = (BG - BGrpage / CF {2}

[8066] A Correction Bolus CB is generally administered in a fasting state, after the
previously consurncd meal has been digested. This often comncides with the time just
before the next meal.
[9067] There are several kinds of Basal-Bolus insulin therapy including Insulin
Pump therapy and Multiple Dose Injection therapy:
[ 8068 insulin Pump Therapy: An imsulin pump 1234 is a medical device used for the
administration of tnsulin in the treatment of diabetes mellitus, aiso known as continuous
subcutancous insulin infusion therapy. The device includes: a purap, a disposable
reservorr for insulin, and a disposable infusion set. The pump 123a 18 an alternative to
multiple daily injections of insulin by insulin syringe or an insulin pen and allows for
iitensive insulin therapy when used in conjunction with blood glucose monitoring and
carbohydrate counting. The insulin pump 123a is a battery-powered device about the size

of a pager. It contains 4 cartridge of msulin, and it pumps the msulin into the paticnt via
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an “infusion set”, which is a small plastic needle or “camula” fitted with an adhesive
patch. Only rapid-acting insulin 1s used.

[6069] Multiple Dose Injection (MDIy: MBI involves the subcutancous manual
mjection of fnsulin several times per day using syringes or insulin pens 123b. Meal
tnsulin is supplied by injection of rapid-acting insulin before cach meal in an amount
proportional to the meal. Basal insulin i provided as a once, twice, or three time daily
injection 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:

8676} Long-acting insulins are non-peaking and can be mjected as infrequently as
once per day. These insuling are widely used for Basal Insulin. They are administered 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 miniraum blood glucose level,
18671 Rapid-acting insulins act on a time scale shorter than natural tnsulin. They are
appropriate for bohuses.

16072} In sorae examples, critically il patients are ordered nil per o8 (NPO), which
means that oral food and fluids arc withheld from the patient 10. Typically these patients
10 are unconscious, have just completed an wvasive surgical procedure, or generally
have difficulty swallowing. Intravenous insulin infusion is typically the most effective
method of managing blood gluceose levels i these patients. A patient 10 may be NPO
and receiving a steady infusion of intravenous ghicose, Total Parenteral Nutrition, tube
feeding, regular racals that mclude carbohydrates, or not receiving any nutrition at all. In
cases where the patient 10 is not recetving any nutrition, blood glucose is typically
replaced by endogenous production by the hiver.

16G73] As a patient’s condition improves, an NPO order may be lified, allowing the
patient 10 to commence an oral caloric intake. In patients 10 with glycemic
abunormalitics, additional insulin may be needed to cover the consumption of
carbohydrates. These patients 10 generally receive one-time injections of insulin in the

paticnt’s subcutancous tissue,
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8674 Subcutancous administration of mealtime insulin in critically il patients 10
can introduce a patient safety risk if, after receiving the jusulin injection, the patient 10
decides not to eat, 1s unable to finish the meal, or experiences emesis.

18075] Continuous intravenous infusion of mcaltime msulin, over a predetermined
time interval, allows for an incremental fulfillment of the patient’s mealtime insulin
requirermnent, while minimizing patient safety risks. If a patient 10 decides he/she 1s
unable to cat, the continuous intravenous infusion may be stopped or, if a patient 10 is
unabic to finish the meal, the continuous intravenous infusion rate may be decreased to
compensate for the reduction in caloric futake.

8076} The pharmacokinetics {what the body does to a drug over a peried of time,
which includes the processes of absorption, distribution, localization i tissues,
biotransformation, and excretion} and pharmacodynamics {what a drug does to the body)
actions of insulin significantly froprove when administering insulin via an intravenous
route, which is a typical method of delivery for hospitalized patients 18, The
nmanagement of prandial insulin requirements using an intravenous roufe can Hmprove
patient safety, insulin efficiency, and the accuracy of 1nsulin dosing. The maajority of
patients who require continuous intravenous insulin infusion therapy may also need to be
transitioned to a subcutancous 1usulin regimen for ongoing control of blood glacose,
regardliess of diabetes mellitus (BM) diagnosis. Moreover, the timing, dosing, and
process to transition paticnts 10 from a continuous intravenous route of insulin
administration to a subcutancous insulin regimen is complex and should be
mdividualized based on various patient parameters. Fallure to individualize this approach
could increase the risk of severe hypoglycemia during the transition process. {f not
enough insulin is given, the patient 10 may experience acute post-transition
hyperglycemia, requiring re-initiation of a continuous intravenous fosubin infusion.
Theretfore, the clinical decision support systern 100 calculates a personalized dose of
nsulin to bring and maintain the patient’s blood glucose level juto a target range BGyy,
while taking into consideration the condition of the patient 10,

10077} The clinical decision support systern 100 imncludes a glycemic management
module 50, an integration module 60, a surveillance module 70, and a reporting module

80. Each module 58, 60, 70, 80 is in communication with the other modules 50, 64, 70,
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80 via a network 20. In some examples, the network 24 {discussed below) provides
access to cloud computing resources that allows for the performance of services on
remote devices instead of the specific modules 58, 68, 70, 80. The glycemic management
module 50 executes a process 200 (¢.g., an executable instruction set) on 4 processor 112,
132, 142 or on the cloud computing resources. The integration module 60 allows for the
triteraction of uscrs 40 with the systern 100, The integration module 60 recetves
information inputted by a user 40 and allows the user 48 to retrieve previously mputie
information stored on a storage system (e.g., one or more of cloud storage resources 24, a
non-transitory maemory 144 of a hospital’s electronic medical system 140, a nou-
transitory memory 114 of the patient device 110, or other non-transitory storage media in
comrunication with the integration module 60). Therefore, the integration module 60
allows for the interaction between the users 40 and the system 100 via a display 116, 146,
The surveillance module 70 considers patient information 208a received from a user 40
via the integration module 60 and information received from a glucometer 124 that
measures a patient’s blood glucose value BG and determines if the patient 10 is within a
threshold blood glucose value BGrm. To soroe examples, the surveillance module 70
alerts the user 40 if a patient’s blood ghicose values BG are not within a threshold blood
glucose vahue BGyy. The surveillance module 70 may be preconfigured to alert the user
40 of other discrepancies between expected values and actual values based on pre-
configured parameters {discussed below). For example, when a paticnt’s blood glucose
value BG drops below a lower fimit of the threshold blood glucose value BGrin. The
reporting module 80 may be in communication with at [east 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 moduie 70. In some examples, the
reporting module B0 provides a report that way be displayed on a display 116, 146 and/or
18 capable of being printed.

18078} The system 100 18 contfigured to evaluate a glocose level and nutritional intake
of a patient 10. The system 100 also evaluates whether the patient 10 is transitioning to a
subcutancous insulin regirac. Based on the evaluation and analysis of the data, the
systemy 100 calculates an insulin dose, which s administered to the patient 10 to bring

and maintain the blood glucose level of the patient 10 into the blood glucose target range
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BGrg. The system 100 may be applied to various devices, including, but not limited to,
intravenous infusion pumps 123a, subcutancous insulin infusion puraps 123a,
glicometers, continuous glucose monitoring systems, and glucose sensors. In some
impleraentations, as the systern 100 1s monitoring the paticnt’s blood glucose values BG
and the patient’s insulin intake, the system 100 notifies the user 40 if the patient 10
receives more than 500 units/hour of insulin because the system 100 considers these
patients 10 to be insulin resistant.

[6G79] In some examples the clinical decision support system 100 includes a network
28, a paticot 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 {(e.g., cellular phone, smartphone, personal digital assistant, barcode reader,
personal computer, or a wireless pad}) or any other electronic device capable of sending
and recetving information via the network 20,

B3R} The patient device 110 inchudes a data processor 112 {e.g., a computing device
that executes instructions), and non-transitory memory 114 and a display 116 {e.g., touch
display or non-touch display} in communication with the data processor 112, 1o sorne
cxamples, the patient device 110 includes a keyboard 118, speakers 120, microphones,
mouse, and a camera.

3081} The service provider 130 may include a data processor 132 in communication
with non-transitory raemory 134, The service provider 130 provides the patient 10 with a
process 200 (see FIG. 2} (c.g., a mobile application, a web-stte application, or a
downloadable prograr that includes a set 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 1234, hospital electronic medical record
systems 140, or portable blood ghicose measurement devices 124 (e.g., glucose meter or
glucometer). Intravenous imfusion pumps infuse fluids, medication or nutrients into a
patient’s circulatory systern. lotravenous infusion purops 123a may be used
intravenousiy and, in some instances, subcutaneous, arterial and epidural infusions are
used. Intravenous infusion pumps 1234 typically administer fluids that are expensive or
unreliable if administered manually (e.g., using a pen 123b) by a nurse or doctor 40,

Intravenous infusion pumps 123a can administer a 0.1 ml per hour injection, injections
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every minute, injections with repeated boluses requested by the patient, up to 2 maximum
number per hours, or fluids whose volumes vary by the time of day.

[6082] In some implementations, an electronic medical record system 140 is located
at a hospital 42 (or g doctor’s office) and includes a data processor 142, 4 non-transitory
memory 144, and a display 146 {(e.g., touch display or non-touch display). The transitory
meroory 144 and the display 146 are in communication with the data processor 142, In
some exaraples, the hospital electronic medical system 140 inclodes a keyboard 148 in
communication with the data processor 142 to allow a user 40 to input data, such as
patient information 208a (FIGS.2A and 2B). The nou-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

[ G083 The dosing countroller 160 s in communication with the ghicometer 124 and
mcludes a computing device 112, 132, 142 and non-transttory memory 114, 134, 144 in
communication with the computing device 112, 132, 142, The dosing controller 160
exccutes 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
received blood ghuicose measurement BG.

180384] Referring to FI1G. 1C,, 1n some moplementations, the insulin device 123 {e.g.,
administration device}, in communication with the dosing controller 160, capabic of
executing instructions for administering insulin according to a subcutancous insulin
treatment program selected by the dosing controller 160, The administration device 123
may include the imsulin pump 123a or the pen 123b. The adnunistration device 123 s in
communication with the glucometer 124 and includes a computing device 112a, 112b and
non-transitory memory |14a, 114b in communication with the computing device 1123,
112b. The adminisiration device 123 includes a doser 2233, 223b in commumcation with
the administration computing device 112a, 112b for administering insulin to the patient.
For instance, the doser 2233 of the wmsulin pump 123a includes an infusion set including a
tube in fluid communication with an insulin reservoir and a cannula inserted into the
patient’s 10 body and secured via an adhesive patch. The doser 223b of the pen 123b
inchides a needle for insertion into the patient’s 10 body for administering insulin from

an insulin cartridge. The administration device 123 may reecive a subcutancous insulin
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treatment program sclected by and transmitted from the dosing controller 160, while the
administration coroputing device 112a, 112b may exccute the subcutancous 1osulin
treatment program. Executing the subcutaneous insulin treatment program by the
administration computing device [12a, 112b causes the doser 223a, 223b to administer
doses of insulin specified by the subcutanesus insulin treatment program. For instance,
units for the doses of insulin roay be avtomatically set or dialed in by the administration
device 123a, 123b and administered via the doser 223a, 223b to the patient 10,

[6G85] The network 20 may include any type of network that allows sending and
receiving communication signals, such as a wireless telecommunication network, a
cellular telephone network, a time division multiple access (TDMA )} network, a code
division multiple access (CDMA) network, Global system for mobile comymnunications
{(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 a Wide Area Network (WAN), a Local Arca Network (LAN), and
a Personal Arca 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 systera 140 communicate with each other by
sending and recetving signals (wired or wircless) via the network 20, In some examples,
the network 20 provides access to cloud computing resources, which may be clastic/on-
demand computing and/or storage resources 24 avatlable over the network 20. The term
‘cloud’ services generally refers to a service performed oot locally on a user’s deviee, but
rather delivered from one or more remote devices accessible via one or more networks
20.

60386} Referring to FIGS. 1B and 2A-2C, the process 200 receives parameters (e.g.,
patient condition parameters) tnputted via the client device 110, the service provider 130,
and/or the hospital system 140, analyzes the inputied parameters, and determines a
personalized dose of insulin to bring and maintain a patient’s blood glucose level BG into
a preferred target range BGrn.

[6G87] 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

20
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screen displayed on the display 116, 146) to verify that a qualified and trained healthcare
professional 40 is 1nttiating the process 200 and entering the correct information that the
process 200 needs to accurately administer insulin to the patient 10, The system 100 may
custornize the login screen to allow a user 40 to resct their password and/or usernarme.
Moreover, the system 100 may provide a logout button (not shown) that allows the user
40 to log out of the systern 100. The logout bution may be displayed on the display 116,
146 at any time during the execution of the process 200.

[6088] The clinical decision support system 100 may include an alarm system 120
that alerts a user 40 when the patient’s blood glucose level BG 1s outside the target range
BGyr. The alarm system 120 may produce an audible sound via speaker 122 in the form
of a beep or some like audio sounding mechanism. In some examples, the alarm systern
128 displays a warning message or other type of indication on the display 116 of the
patient deviee 110 to provide 8 warning message. The alarm system 120 may also send
the audibie and/or visual notification via the network 20 to the hospital system 140 {or
any other remote station) for display on the display 146 of the hospital system 140 or
played through speakers 152 of the hospital system 140,

[ 6389] The process 200 prompts a user 40 to input patient information 208a at block
208, The user 40 roay 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 mput new patient information 2083 as shown
in FIG. 2B or retrieve previously stored patient information 208a as shown in FIG. 2C.

In some maplementations, the process 200 provides the user 40 with 4 patient list 209
(F1G. 2C) where the user 40 selects one of the patient names from the patient list 209,
and the process 200 retricves that patient’s information 208a. The process 200 may allow
the user 40 to filer the patient list 209, ¢.g., alphabetically (first name or last name), by
focation, patient identification. The process 200 may retrieve the patient information
208a fromw the nov-transitory memory 144 of the hospital’s electronic medical system 140
or the non-transitory memory 114 of the patient device 110 {e.g., where the patient
information 2082 was previeusly entered and stored). The patient information 208a may
inchude, but is not limited to, a patient’s name, a patient’s identification number (ID), a

patient’s height, weight, date of birth, diabetes history, physician name, eracrgency

21
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contact, hospital unit, diagnosis, gender, room number, and any other relevant
information. In some examples, the diagoosis may include, but is not limited to, burn
patients, Coronary artery bypass patients, stoke patients, diabetic ketoacidosis (DK A}
patients, and trauma patients. After the user 40 completes inputiing the patient
information 208a, the process 200 at block 202 determines whether the patient 10 1s
being treated with an infravenous treatment module by prompting the user 40 {e.g., on the
display 116, 146) to wput whether the patient 10 will be treated with an intravenous
treatmnent module. If the patient 10 will not be treated with the intravenous treatment
wmodule, the process 200 determines at block 210 whether the paticot 10 will be treated
with a subcutaneous treatment module, by asking the user 40 (e.g., by prompting the user
40 on the display 116, 146). 1 the user 40 mdicates that the patient 10 will be treated
with the subcutaneous treatment, the process 200 flows to block 216, where the user 40
cnters paticnt subcutancous information 216a, such as bolus msulin type, target range,
basal insulin type and frequency of distribution {e.g., 1 dose per day, 2 doses per day, 3
doses per day, etc.), patient diabetes status, subcutanoous type ordered for the patient
{¢.g., Basal/Bolus and correction that 1s infended for patients on a consistent carbohydrate
diet, or Basal and correction that is intended for patients who are NPO or on continuous
enteral feeds), frequency of patient blood glucose measurements, or any other relevant
information. In some implementations, the patient subcutancous information 216a is
prepopulated with default pararacters, which may be adjusted or modified. When the
user 40 enters the patient subcutaneous information 216, the subcutaneous program
begins at block 226, The process muay determine whether the paticut 10 is being treated
with an intravenous treatment or a subcutancous treatment by prompting the user 48 to
sclect between two options {e.g., a button displayed on the display 116, 146}, one being
the intravenous treatment and the other begin the subcutaneous treatment. [u some
implementations, the subcutancous program {at block 226) includes six sub programs: a
subcutancous standard program (FIGS. 9A-9B); a subcutancous for tube-fed paticnts
program (FIG. 10}; a subcutaneous program without meal boluses (FIG. 11}; a meal-by-
meal subcutancous program without carbohydrate counting (FIG. 12); a meal-by-racal
subcutaneous program with carbohydrate counting (FIGS. 13A-13B); and a subcutancous

program for non-diabetic patients {(FI1G. 14).
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[8096] in some implementations and referring back to block 202, if the process 200
determines that the patient 10 will be treated with the jutravenous treatmaent module, the
process 200 prompts the user 40 at block 204 for setup data 204a, such as patient
parameters 204a relevant to the mtravenous treatment mode. In some examples, the
patient parameter 204a relating to the intravenous treatment may be prepopulated, for
exarapic, with default valucs that may be adjusted and medified by the user 40, These
patient parameters 204a may include an insulin concentration (L.¢., the strength of 1nsulin
being used for the intravenous dosing, which may be measured in units/milliliter), the
type of insulin and rate being administered fo the patiend, the blood ghucose target range
BGrg, the patient’s diabetes history, a number of carbohydrates per meal, or any other
relevant information. In some implementations, the type of msulin and the rate of insulin
depend on the BG of the patient 10. For example, the rate and type of insulin
administered to a paticnt 10 when the blood glucose value BG of the patient 10 1s greater
or equal to 250mgl/d] may be different than the rate and type of msulin administered to
the patient 10 when the blood glucose value BG of the patient is greater than 250mb/dl
The blood glucose target range BGrr may be a configurable pararocter, customized based
on varipus patient factors. The blood glucose target range BGry may be limited to 40
wg/dl {e.g., 100-140 mg/dl, 140-180 mg/dl, and 120-160 mg/dl).
80691 After the user 40 inputs patient parameters 204a for the intravenous treatment
at block 204, the process 200 prompts the user 40 to mput 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 electronically from the
hospital information or laboratory system 140, or other wireless device. The process 200
determines a personalized insulin dose rate, referred to as an insulin infusion rate 1R,
using the blood glucose value BG of the patient 10 and a dose calculation process 300.
[6G92] {n some implementations, the process 200 executes on the processor 112, 132,
142 the following nstruction set. Other instructions are possible as well.

{

Sthis->load->helperformula’y;

SPatientiD = $this->input->post("PatientID™;
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FCurrentBG = Sthis->input->post("iv_bg_input");
$Premeal = Sthis->input->post{"pre_meal");
$EstCarbs = $this->input->post{"carbs"};

$CancelPreMeal = Sthis->input->post("CancelPreMeal”y;

$PaticntFat

= $this->input->post{"patient _eat"};
s P p _wal

$ActualCarbs ={}

$MealBolus = $this->input->post("MealBolus"),
SMealBolusCount =0,

$LastBGData = §this->iv->GetLastiVBG{SPatientID);
$PreviousBG = $LastBGData->BGValue;

$PreviousBGRate = $LastBGData->InsulinRate;

Bitr_results

SEstCarbs);

= $this->CalculatelIR($PatientlD, $CurrentBG,

$MealBolusDose =0

Siir = $iir_results["tir"};
Sroudtiphier = §iit_resolts]"roultiphier™];
SActualCarbs ={,

$PosiPlateCheck = false;

SMinutesInTransition = $this->1v-

>CGetTransitionMinutesInTransition{$PaticntiD);

1R
o

$StartingMultiplier = $LastBGData->SensitivityFactor;

H($LastBGData->EstNumberOfCarbs == 12 && $LastBGData-

>ActualNumberOfCarbs == 15)

{LastBGCarbsGiven = true;

{$LastBGCarbsGiven = false;}

H{$PaticniEat == § && $EstCarbs>0 && $Premeali= 1)
{

24
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$MealBolusData = $this->tv-

GetCurrentMealBolusinfo(SPatientiD)y;

if{EMealBolusData ["NumCount" <2}
j
[

i

$CancelPreMeal = "yes";

Hf{§Premeal == "1"}

{

$MealBolus = 1;
$ActualCarbs = (1
MealBolusCount = §;

else if{ $MealBolus == 1)

§
t

$MealBolus = 1;

$EstCarbs = $LastBGData->EstNumberOfCarbs;

$meal eat = Sthis->input->post{"meal eat"},

if{$meal eat=="input")

{$ActualCarbs = $this->input->post{"meal_eat_input val"};}
clse

{$ActualCarbs = $meal cat/100*SEstCarbs; }

$Timelnterval = $LastBGData->Timelnterval |

IMealBolusCount = 1

if{$ ActualCarbs ==()
{$McalBolus = 0;}
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o

else

oSy

$MealBolusData = $this->iv-
>GetCurrentMealBolusinfo($PatientiD);

if ($MealBolusData["NumCount"} > § &&
$MealBolusDatal"NumCount” <=2}

{
SMealBolus  =1;
$EstCarbs = $MealBolusData["EstNumberofCarbs™];
$ActualCarbs

$MealBolusData[" ActuaiNumberofCarbs™];

$MealBolusCount = $MealBolusDatal "NumCount"},

tf{$MeaiBolusData["NumCount"] <2}
{
$Timelnterval = $this->iv-
>getPostPlateCheckinterval(§PatientiD);

$PostPlateCheck = true;

else

s~

$Timelnterval = $MealBolusData["Timelnterval™} ;

o
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if{$CancelPreMeal=="yes")

{$MealBolus =0;}

f{$MealBolus ==1)

{
if{$Preracal 1="1")
{
Smultiplier = $LastBGData->SensitivityFactor;
i

$MB = Bthis->CalculateMealBolusHR(SPatientiD, $CurrentBG,

SEstCarbs, SActualCarbs, $LastBGData, Smultiplier, $McealBolusCount, $Timelnterval );

if ($PostPlateCheck)

{8ActualCarbs = 0;}

$iir = round(SMB[01,1};
$MealBolusDose = round{SMBI{2].2};

{$MealBolusDose = 0.01:}

$iir_display = Siir;

H{$this->default->InsulinUnitOfMeasure 1= "units/hr')
{
$iir display = $iir_display/$LastBGData->InsulinConcentration;

$iir = $itr/SLastBGData->InsulinConcentration;

o’

/1 settings
Shospital settings = $this->patient-
>CGetHospitalUnitinfoByHospital UnitiD{SLastBGData->HospitalUnitiD);

27
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//get the value from configurable option

$HypoTreatmentValue= is_numeric{Shospital settings-
>HypoTreatment)?$hospital settings->HypoTreatment:60;

$StophsulinBGValue = $this->systermsettings-
>(lobalSetting("StopinsulinBGValue™);

H{

empty{$StopinsulinBGVakue) || Hisset{§StopinsulinBGValue} ||
($StoplusulinBGValue > SLastBGData->TargetLow)
)
{8StopInsulinBGValue = $LastBGData->TargetLow; |

/AT HR gets this high, stopl!!!

$StopinsulinRecommendation =

§5f9

getOneField("StopinsulinRecValue","xStopinsulinRecommendation”,"Sto

pinsulioReclD", Shospital settings->StopinsulinRecommm);

$default iir limit = $this->options-

>LastData("Warning IRGreaterThanValue","xWarning IR GreaterThan”,"Warning IRGr

3309t

caterThanild =" _ Shospital settings->DisplayWarn . """ true}-

>Warning IRGreaterThanValue;
$ShowHighRateWarning = (§iir >= $defaunlt iir limit);
SHighRateLimit = $default iir lmit;
$showlnsulinResistance = false;
$showD50 = false;

$showHTF = false;

Sstopinsulin = false;

28
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R

D50 =0

H{$CurrentBG >= 250}

{

$showlInsulinResistance = $this->1v-

>CheckifinsulinResistance{$PatientiD),

¢

Hf ( (3CurrentBG <= §HypoTreatmentValue) && ($CurrentBG <
$LastBGData->TargetLow} )

|
$D50 = (100-$CwrrentBGY*0.4;
$D50 = round(3D30, §);
/R for B350 is always 0
Prir=10;
$iir display =
if ($CurrentBG <= SHypoTreatmentValue)
{

$show30 = true;

if (SCurrentBG > 60)
{

$showHTF = true;

e
om !

o’

Sstoplnsulin = ($showD50 || { 3CurrentBG<=35toplnsulinBGValue &&
$CurrentBG < SLastBGData->Targetiow)),
SshowlIR = ({{8showD50 || $showHTF });
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SshowB¥5GDupe = false;
H{$showD50 && $LastBGData->BGID > ()
{

if{
{SLastBGData->MinutesFromLastBG<20) &&
($LastBGData->BGValue < $CurrentBG)
)
‘
L8
BshowD50 = false;
SshowD50Dupe = true;
Sitr=10;
D50 =0
3
§

i Sstopinsulin

{$iir = "0";}

$UseGTFluid = $this->UseGTFhuid ($PatientiD, $CurrentBG),
$BGData = array(
"ActualCarbs"=>3ActualCarbs,
"EnableFluidManage” => Shospital scttings-
>EnableFluidManage,
FluidType' => ($UseGTFluidy?8LastBGData-
>Over2 50Fuid: $LastBGData->Under2 50F huid,
FluidRate’ => (SUseGTFhuid)?$LastBGData-
>Over? SORate: $LastBGData->Under2 50Rate,
'BGValue' => $CurrentBG,
TosulinRate’ => $iir,
'SensitivityFactor' => Smultiplier,

DSOW => D50,

30
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PatientEat'=>%$PatientEat,
‘MealBolusDose' => $MeaiBolusDose,
"CreateDate” => getUneField("dbo. tnGluDateTime(}", "Patients”,
"PatientiD", $PaticntiD)
)

i Sstopinsulin
§
t
$iir = ;8iir_display = 0;
H

$ShowWarningContactPhysician= ($iir >= $StoplnsulinRecommendation

&& $StoplnsulinRecommendation!=""};

Hi{8ShowWarningCountactPhysician)

'
$ShowHighRate Warning =false;
$iir = $StopinsulinRecommendation;
$iir_display = $StopinsulinRecommendation;
SBGDatal"InsulinRate™] = $StophnsulinRecommendation;
$BGData]"SensitivityFactor”] = $StartingMultiplier;

¢

SNameliR = false;
Hi{SPreviousBGRate == $iir_display){
$SamelIR = true;

Sdata= array(
" = $iir,
"iir_display"=>8iir_display,
"InsulinUnitOfMeasure” => $this->default-
>insulinUnitfMeasure,

“showlnsulinResistance” => $showinsulinResistance,
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"showD50"=>%showD50,

"showDSODupe”=>8showDIS0Dupe,

"showHTE"=>8showHTF,

"showlIR"=>%showllR,

"stopinsulin"=>$stoplusulin,

"DSGT=>3D50,

"HypoTreatmentValue"=>8HypoTreatmentValue,

ProvDS0W' => $LastBGData->D5S0W,

"LastBGData” => $LastBGData,

"default" => $this->default,

"SccondNurseVerification” => Shospital settings-
>EnableSecondNurseVer,

"ShowHighRateWarning" => §ShowHighRateWarning,

"HighRateLimit" => §HighRateLimit,

"ShowWarningContactPhysician" =>
$ShowWarningContactPhysician,

'BGData'=>$BGData,

‘SamellR'=>$SameliR,

PatientEat'=>%$PatientEat,

"IsDistinuelV" =>$MinutesInTransition>=2407rue:false,

'‘EnableHypoglycemiaMessage=>5%hospital settings-
>EnableHypoglycemiaMessage,

‘MinutesFromLastBG' => $LastBGData->MinutesFromLastBG,

"HypoglycemiaMessage'=>%hospital settings-
>HypoglycemiaMessage,

‘LastBGCarbsGiven' =>8LastBGCarbsGiven,

TV DiscontinueRecornm' => Sthis->iv-
=1V DiscontinueRecomm $PatientlD, $iir),

'‘ArcLastFourinsulinRatesLow' => $this->iv-
>ArelastFourinsulinRatesLow{$PatientD, Siir)

)2

%)
[N}



[91]

£
(93]

WO 2015/116401 PCT/US2015/011574

/Loading History Data
$USCIH) == $thiS*>S€SSiO“"':yuserdata{‘Iﬁgged_in‘}["{jserﬂ)y};
if{($data] "showlIR"T)
g
$DosageAmount = Sdata["iir_display™};
$SDosageLabel =
deal WithInsulinMeasurement{$data]" InsulinUnitOfMeasure"],bdata["1ir_display"});
H

if($datal"showD50"])

{
if(§EnableHypoglycemiaMessage == 1)
{
$BosageAmount = "null";
$Dosagelabel = "Stop Insulin Infusion”;
}
else
§
S
$DosageAmount = §D350;
$Dosagelabel = "D50 or 12-15 Grams of Carbs”,
y
3
§

//if $DosageAmount is empty and $Dosagelabel is empty
iflempty($Dosage Amount) && empty{$Dosagelabel}} {
$DosageAmount =
$Dosagelabel = null;
i
$this->load->model("patient”};
$this->pationt->AddDosageRecommendationHistorv($PatientiD,

1,1, $CurrentBG, $DosageAmount, $Dosagelabel, $UseriD);
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$this->load->view("forms/bg/iv_bg checkboxes”, $data);

.
f
function UseGTFhnd{SPatientiD, $CurrentBG)
¢
R}

//BRS.2

H{$CurrentBG >= 300}

{returo true; }

/BRS.
$Last3BGs = $this->iv->Last2BGs(FPatientID);
if{count($Last3BGs) == 0 && $CurrentBG >= 250}

{return true; }

//BRS.3
H{($CurrentBG>=250 && $Last3BGs[0]->0OverUnder == "over™}

{returo true; }

//BRS.4
HECurrentBG>=250 && $Last3BGs[0]->BGValue >=250 &&
SLast3BGs[ 1 ->BGValue >=250)

{return true; }

/ldefault BRS.S
return false;
.
f
function CalculateMeal BolusHR{$PatientiD, $CurrentBG, $EstimatedCarbs,
$ActualCarbs, $LastBGData, SMultiphier, $MealBolusCount, $Timelnterval}
§
il
SinsulinUnitsOfMeasure = GetOneField("SettingValue",

"GlobalSettings”, "SettingName", "nsulinUnitOtMeasure™);
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$r = PreMeallIR(
$PatientlD,
$CurrentBG,
SMudtiplier,
$LastBGData->InsulinConcentration,
$EstimatedCarbs, $ActualCarbs,
$Timelnterval,
MnsulinUnitsOfMeasure,
$MealBolusCount
X
$e{0] = round($r[0], 5);
return $r;
}
function CalculatelIR($Patient!D, $CurrentBG, $LastBGData, $EstCarbs)
{
/*Adpast Multiplier®/
Smultiplier = $LastBGData->SensitivityFactor;
/*add the condition $LastBGData->SensitivityFactor == §LastBGData-
>PreBGSensitivityFactor
tf change the Multiplier by manually ,it should not be changed.
updated by stanley on 10/30/2013

¥/

/

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

§
t
if{
{$CurrentBG > $LastBGData->TargetHigh) &&
({$CurrentBG / $LastBGData->BGValue) > §.85)
}
j
[

(%)
W
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Smultiplier = $multiplier* 1.25;
!
3
elseif $CurrentBG < $LastBGData->TargetLow)
i
[

SruultipHer = Smultiplier * 0.8,

3
5

Smultiplier = round($multiplier, 5);

//Cale IR
$HR = round{ ($3CurrentBG - 60) * Smultiplier, 1}
H{GHR < 0)
(STIR = 03}
Sreturn = array(
"ir"=>81R,
"maultiphier” => $multiplier,
%

return Sreturn;

0093} FIG. 3 provides a dose calculation process 300 for caleulating the msulin
infusion rate 1IR of the patient 10 for intravenous treatment after the process 200 receives
the patient information 208a discussed above (including the patients’ blood glucose vahue
BG). At block 301 the dose calculation process 300 determines if the patient’s blood
ghucose BG is less than a stop threshold value BGruge,. of not, then at block 303 the dose
calculation process 300 goes to block 304 without takang any action. If, however, the
patient’s blood glucose 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 glucose value BG is the first inputted blood

glucose value.
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80694 The patient’s regular insulin dose rate HR is calculated at block 320 in
accordance with the following equation:

HR = (BG~K) * M

e

RV,
where K is a constant, known as the Offset Target, with the same unit of rocasure as
blood glucose and M is a unit-fess multiplier. In some examples, the Offset Target K is
lower than the blood glucosc target range of the patient 10. The Oftset Target K allows
the dose calculation process 300 to calculate a non-zero stable msulin dose rate even with
a blood glucose result is in the blood glucose target range BGryx.
8095] The itial moltiplier My, determined by the physician 40, approximates the
sensitivity of a patient 10 to insulin. For example, the initial multiplicr equals 0.02 for
adults ages 18 and above. In somce examples, the inttial multiplicr My cquals 0.01 for frail
elderly patients 10 who may be at risk for complications arising when their blood ghicose
fcvel BG falls faster than 80mg/di/hr. Morcover, the physician 40 may order a hugher
initial multiplier My for patients 10 with special needs, such as CABG patients (i.c.,
patients who have undergone coronary artery bypass grafting) with BMI (Body Mass
Index which is a raeasure for the human body shape based ou the wndividual s muass and
height) less than 30 might typically receive an initial multiplier of 0.05, whereas a patient
10 with BMI greater than 30 wight receive an jottial nultiplicr My of 0.06. In addition, a
patient’s weight may be considered in determining the value of the initial multiplier My,
for exaraples, in pediatric treatraents, the system 100 calculates a paticot’s mitial
multiplier A using the following equation:

M;=0.0002 x Weight of patient (in kilograms) (3B)
In some implementations, K is equal to 60 mg/dl. The dose calculation process 300
determines the target blood glucose target range BGrr using two limits inputted by the
user 40, a lower Humut of the target range BGrar and an upper (high) hmit of the target
range BGrrp. These limits are chosen by the user 40 so that they contain the desired
blood glacose target as the vdpoint. Additionally, the Offset Target K may be
calculated dynamically in accordance with the following equation:

K = BGyyger — Offset, (4}

where BOrae 18 the midpoint of the blood ghicose target range BGrr and Offset is the

precontfigured distance between the target center BGrpy,e and the Offset Target, K.
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[8096] in some implementations, the insulin dose rate IRR may be determined by the
following process on a processor 112, 132, 142, Other processes may also be used.
function HR(8sf, $current_bg, $bg default = 60, $insulin_concentration,

$ins units of measure = 'units/hr’) {

settype($sf, float’);
settype{bbg default,"float),;
settype(Bourrent bg,'float');

settype($insulin_concentration,float’);

/%
(@param $sf = sensitivity factor from db
(wparam $current_bg = the current by value being submitted
@param $db_default = the default "Stop Insulin When" value.. It
it isn't passed, it defaults to 60
@param $insulin_coucentration = the default insulin concentration

from secttings

tf{$current_bg > 60) {

$iir = array();

$iir{01 = round{{($current_bg - Sbg_default) * §sf, 1}

if (§ins_units_of measure = "units/hr'y {
$itr{ 1] = round{{Bcurrent_bg - $bg default) * $sf/
$iusulin_concentration ,1);
!
return $iir;
} else {

return O
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16497} Referring to decision block 304, when the dose calculation process 300
determines 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 A
equal to an initial multiplier (M) at block 306. The dosc calculation process 300 then
calculates, at block 320, the Insulin Infusion Rate in accordance with the HR equation
{EQ. 3A) and returns to the process 200 {see FIG. 2).
188951 However, referring back to decision block 304, when the dose calculation
process 300 determines that the inputted blood ghicose value BG is not the first inputted
blood glucose value, the dose calculation process 300 determunes if the Meal Bolus
Module has been activated at decision block 308, If the dose calculation process 300
determines that the Meal Bolus Module has been activated, then the dose calculation
process 300 begins a Meal Bolus process 500 (see FIG. §).
16699 Referring back to decision block 308, if the Meal Bolus Module has not been
activated, the dose calculation process 300 determines, at decision block 318, if the
current blood glucose value BG is greater than the upper limit BGygrp of the blood
glucose target range BGyp. If the blood ghucose value BG 1s greater than the upper hout
BGiry of the blood glucose target range BGry, the dose calculation process 300
determines, at block 314, a ratio of the current blood glucose value B to the previous
bloed ghicose value 8Gp, where 8Gp was measured at an earlier time than the current
BG. The process 200 then determines if the ratio of the blood glucose to the previous
bicod glucose, 8G/ BGp , is greater than a threshold value 2, as shown in the following
equation:

(BG/BGp} > Ly {5}
where BG is the patient’s current blood glucose value; BGp is the patient’s previous
blood glucose value; and L4 15 the threshold ratio of 8G/ 8G, for blood glucose values
above the upper hmit of the blood glucose target range 8G ey, I the ratio 567 BG,
exceeds the threshold ratio L4, then the Multiphier M is increased. In some examples, the

threshold ratio 44 equals §.85.
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(00168}  If the dose calculation process 300 determiunes that the ratio (#G, G, ) of the
blood glucose value 8 to the previous blood glucose value BG, is not greater than the
threshold ratio 24 for a blood ghucose value BG above the upper Hmit BG e of the blood
glucose target range Gy, then the dose calculation process 300 sets the value of the
current multiphier M to equal the value of the previous multiplier Mp, see block 312,
M=Mp (6}
160181}  Referring back to block 314, if the dose calculation process 300 determines
that the ratio (BG/BG,} of the blood glucose value BG to the previous blood glucose #Gp
is greater than the threshold ratio L4 for a blood glacose value above upper ot BGrpy of
the blood glucose target range SGy, then dose calculation process 300 multiplies the
value of the current multiplier M by a desired Multiplier Change Factor (M) at block
318. The dose calculation process 300 then calculates the insulin infusion rate at block
320 using the IR cquation (EQ. 3A) and returns to the process 200 (sce FIG. 2}
186162 Referring back to block 310, when the dose calculation process 300
determines that the current blood glucose value £G is not greater than the upper limit
BGran of the blood glucose target range BGrp, the dose calculation process 300 then
determines if the current blood glucose concentration BG is below the lower limit BGruy,
of the blood glucose target range BGrp at decision block 311, If the current blood
glucose value BG is below the lower limit BGrry of the blood glucose target range BGrg,
the dose calculation process 300 at block 316 divides the valuc of the current multiplier
M by the Multiplier Change Factor (Mo}, in accordance with the following equation:
M= Mp/ Mcr (7}
and calculates the current insulin infusion rate HR using equation 3 at block 320 and
returns to the process 200 (see FIG. 2).
1661831 At block 311, if the dose calculation process 300 determines that the blood
glucose value BG is not below the lower limit of the blood glucose target range BGry,
the dose calculation process 300 sets the value of the carrent multiplier to be equal to the
value of the previous multiplier Mp at block 312 (sec EQ. 6).
[80164] Referring agam to FIG. 3, at block 311, it the current blood glucose value BG
is below the lower Himit of the target range BGrme, logic passes to decision block 322,

where the process 300 determines if the current blood glucose concentration BG 1s below

40
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a hypoglycemia threshold 8Gpyp,. 1t the current blood glucose BG is below the
hypoglycemua threshold G, logic then passes to block 324, where the process 300
recommends hypoglycemia treatment, either by a caleulation of an individualized dose of
mtravenous glucose or oral hypoglycenmia freatment,

186165 Referring back to FIG. 2A, after the dose calculation process 300 calculates
the insulin infusion rate IR, the process 200 proceeds to a time calculation process 400
(FIG. 4A) for calculating a time interval Thee until the next blood glucose rocasurement.
[66186] FIG. 4A shows the process 400 for calculating a time imterval Tyew between
the current blood ghicose mweasurement BG and the vext blood glucose measurement
BGue. The time-duration of blood ghicose measurement intervals T, may vary and
the starting time interval can either be inputted by a user 40 at the beginning of the
process 200, 360, 400, or defaulted to a predetermingd time interval, Themun (8.2., One
hour). The time mterval Trey 18 shortened i 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 becomes stable within the blood glicose target range
BGrr.

{66187}  The process 400 determines a value for the time interval Tye based on
several conditions. The process 400 checks for the applicability of several conditions,
where each condition has a value for Ty, that is triggered by a logic-test {except Tienu).
The process 400 selects the lowest value of Thex frora the values triggered by logic tosts
{not counting Taepued. I no logic test was triggered, the process selects Tyeun. This is
accomplished in FIG 4A by the logic structure that selects the lowest values of Toex first,
However, other logic structures are possible as well.

186168} The time calculation process 400 determines at decision block 416 if the
current blood glucose BG is below the lower it BGrre (farget range low limit) of the
blood ghicose target range BGrr. I the current blood glucose BG is below the lower
Himit BGrgy of the blood glucose target range BGrg, then the time calenlation process
400 determines, at decision block 418, if the current blood glucose BG is less than a
hypoglycemia-threshold blood glucose level BGrypo.

1661891 if the current blood glucose BG is less than the hypoglycemia-threshold blood

glucose level BGyy,, the time calculation process 400 sets the time interval Taew 0 2

41
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hypoglycemia time mterval Trypo, ¢.8., 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,
(66118} f the current blood glucose BG is not less than (i.e., is greater than) the
hypoglycemia-threshold blood glucose level BGyy,. at block 418, the time caleunlation
process 400 determines at block 422 if the most recent glucose percent drop BGeypioy, 18
greater than the threshold glucose percentage drop Y%Droprgw Limi: {for 8 low BG range)

using the following equation:

EG%drop > (%"DTOPLGW Limit (S'A\)
snee
" Gp ~ BG) -
BGoyrop = (M) (¥B)
: BGp
then,

((5(;5) - BG)

RGp ) > O/ODTOPLOVV Limit (SC)

where 8Gr is a previously measured blood glucose.

(60133} If the current ghucose percent drop BGypgp, 18 not greater than the huvut for
glucose percent drop (for the low BG range) %Droprow timies the time calculation process
400 passes the logic to block 412, In some examples, the low limut %Dvoprow Lise equals
25%.

(00112} Referring back to block 422, if the current glucose percent drop BGoprop 18
greater than the limit for glucose percent drop (for the low BG range) %Doprow timi, the
time calculation process 400 at block 424 scts the time interval to a shortened tirae
interval Tenon, for exarnple 20 minutes, to accommodate for the increased drop rate of the
blood glucose BG. Then the time calenlation process 400 is complete and returns to the
process 200 (FIG. 2 at block 42K,

(661313} Referring back to decision block 416, if the time calculation process 400
determines that the current blood glucose BG is not below the lower limit BGyyy for the
bicod glucose target range BGrg, the time calculation process 400 determines at block
420 1f the blood glucose BG has decrcased by a percent of the previous blood glucose
that exceeds a fimit % Droprecuar (for the regular range, 1.¢., blood glucose value BG >

BGra ), using the formula:

(BGF - BG) o -
( RO, ) > %D1 Gp{\fegz.r,lar (9)
P
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[86114]  If the blood glucose BG has decreased by a percentage that exceeds the
regular threshold glacose percent drop (for the regular BG range) %Dropregutan the time
calculation process 400, at block 425, sets the time interval to the shortened time interval
Tanor. for example 20 minutes. A reasonable value for Y%Dropreguier for many
implementations 1s 66%. Then the time calculation process 400 is complete and returns
to the process 200 (FIG. 2) at block 428, If, however, the glucose has not decrcascd by a
percent that exceeds the threshold glucose percent drop %oDropregutar, (for the regular BG
range), the time calculation process 400 routes the logic to block 412, The process 400
determines, at block 412, a blood glucose rate of descent BGpyroprae based on the
following equation:

BGproprate = (BGp— BGY / {Teument — Trrevious) (10}
where BGp is the previous blood glucose measurement, Toymen 1S the current time and
Torevious 18 the previous time. Moreover, the process 400 at block 412 determines if the
blood glucose rate of descent BOpgprae 1 greater than a preconfigured drop rate limit
BGaropRaterimit.
[6G1ES]  If the time calculation process 400 at block 412 determines that the blood
glucose rate of descent BGpogprar, has exceeded the preconfigured drop rate limit
BCaropratetimit, the tirae interval T until the next blood glucose measurement 1s
shortened at block 414 to a glucose drop rate time interval Tygpr, which is a relatively
shorter time interval than the current time interval Tounens, 88 consideration for the fast
drop. The preconfigured drop rate Hmit BGuopraerime May be about 100 mg/dVhr. The
glucose drop rate tirae interval Trapr may be 30 munutes, or any other predetermined
time. In some examples, a reasonable value for Tpeguy 18 one hour, Then the time
calculation process 400 is complete and returns to the process 200 (FIG. 2) at block 428.
[6G186]  If the time caleulation process 400 determines at block 412 that the ghicose
drop rate BGpoprae does not exceed the preconfigured rate limit BGyopratimio the time
calculation process 400 determines, at block 408, if the patient’s blood glucose
concentration B{G has been within the desired target range BGrr (e.g., BGmy <BG<
BGran) for a period of tirae Taunie. The criterion for stability in the blood glucose target
range BGrr is a specified time in the target range BGrg or a specified number of

consecutive blood glucose measurements in the target range BGry. For example, the
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stable period of time Ty may be one hour, two hours, two and a half hours, orup to 4
hours, I the stability criterion is met then the tivoe interval The 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 1s generally greater than the default time interval Toepun.
Then the time calculation process 430 is complete and returns to the process 200 (FIG. 2)
at block 428, If the time calculation process 400 determinces that the patient 10 has not
met the criteria for stability, the time calculation process 400 sets the time miterval Trex
to a default time interval Tpemuy at block 406, Then the time calculation process 400 is
complete and returos to the process 200 (FIG. 2) at block 425,

[86117] Referring to FIGS. 4B and 4C, once the time calculation process 400
calculates the recommended time interval Taex, the process 200 provides a countdown
timer 430 that alerts the user 40 when the next blood glucose measurernent 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 system 140, When the timer 430 is complete, a “BG
Duc!” message might be displayed as shown in FIG. 4B. The countdown timer 430 may
include an overdue tivoe 432 indicating the time late if a blood glucose value is not
entered as scheduled.

[B8118]  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 in 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
148 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 alarn 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, 146 may show information 230 that includes the
patient’s jotravenous treatroent nformation 2380a ot to the patient’s subcutancous
treatment information 230b. In some examples, the user 40 selects the countdown timer
430 when the tirner 430 indicates that the patient 10 is due for his or her blood glucose
measurement. When the user 40 seiects the timer 430, the display 116, 146 allows the

user 40 to enter the current blood ghucose value BG as shown i FIG. 4D, For
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intravenous patients 10, the process 200 may ask the user 40 (via the display 116, 146)if
the blood glucose 1s pre-tocal blood glucose mcasurcroent (as shown in FIG. 4D). When
the user 40 enters the information 230 (FIG. 4D, the user 40 selects a continue button to
confirm the entered imformation 230, which leads to the display 116, 146 displaying
blood glucose imformation 230¢ and a timer 430 showing wheu the next blood glucose
measurement BG s due (FI1G, 4E). In addition, the user 40 may enter the patient’s blood
ghucose rocasurement BG at any time before the timer 430 expires, if the user 40 selects
the ‘enter BG' button 436, Therefore, the user 40 may input blood glucose values BG at
any tiroe, or the user 40 may choose to start the Meal Bolus process 300 (see FIG. 5) by
sclecting the start meal button 438 (FI1G. 4E), transition the patient to SubQ insulin
therapy 600 (sec FIG.6), or discontinue treatment 220.

(66119} Referring to FIGS. SA-5D, in some implementations, the process 200 includes
a process where the patient’s blood glucose fevel BG 1s measured prior to the
consumption of caloric intake and calculates the recommended intravenous mealtime
msulin requirement necessary to control the patient’s expected rise in blood glucose
levels duning 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 18 a pre-meal blood
glucose measurement in FIG. 4D, or when the user 40 selects the start meal button 438 in
Fi(s. 4K}, the Meal Bolus process 500, at decision block 504, requests the blood ghicose
BG of the patient 10, The user 40 enters the blood glucose value BG at 501 or the system
100 recetves the blood glucose BG from a glucometer 124, This blood gluacose
measurcment 18 referred to herein as the Pre-Meal BG or BGL. In some exarnples, where
the user 40 enters the information, the user 40 selects a continue button to confirm the
entered information 230¢. In some cxamples, the meal bolus process 500 is administered
to a patient 10 over a total period of timne Thpaponws. The total period of time Tipwpons 18
divided into multiple time intervals Tipamons: 0 Ticamonsy, Where N is any integer
greater than zero. lu some examples, a fivst time interval Typapons: tuns from a Pre-Meal
blood glucose value BGT at measured at time Ty, to a second blood glucose value BG2 at
measured at time Ty, A sccond time interval Thzewponss runs from the second blood
glucose value BGZ measured at time T to the third blood glucose value BG3 measured at

time Ts. A third time interval Typemsonss runs from the third blood glucose value BG3
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measured at time T to a fourth blood glucose value BG4 measured at time T4, . In some
maplementations where the time mtervals Typuponsy ave smaller than Thegu , the user 40
should closely monitor and control over changes in the blood ghucose of the patient 10,
For example, a total period of time Thgamons cquals 2 hours, and may be coraprised of’

T rteaioness = 30 mimutes, Tigamonse = 30 minutes, and Tapasonss = 1 hour. This example
ends on the fourth blood glucose measurement. When the Mcal Bolus process 500 has
been activated, an indication is displayed ou the display 116, 146 wnformng the user 40
that the process 500 is in progress. The Meal Bolus process 500 prompts the user 40 if
the entered blood ghicose value BG 1s the first blood glucose value prior to the meal by
displaying a guestion on the patient display 116. If the Meal Bolus process 500
determines that the entered blood glucose value BG 1s the first blood glucose value (BG1)
prior to the meal, then the Meal Bolus process 300 freezes the current maudtiplier M from
being adjusted and calculates 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 parameters, such as
meal times, nsulin type, default number of carbohydrates per meal, the total period of
time of the meal bolus process Tiasens, interval lengths (e.2., Thaisonss, T iteatnotusi- .

39

Dreainonsny, and the percent, “C”, of the estimated rueal bolus to be delivered in the first
mnterval Tipuponss. In some cxamples, when the system 100 includes a hospital clectronic
medical record system 140, nutritional information and number of grams of
carbohydrates are retrieved from the hospital electronic medical record systems 140
automatically. The Meal Bolus process 560 allows the user 40 to select whether to mput
a number of carbohydrates from a selection of standard meals (AcutalCarbsy 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 estimated meal bolus rate for the meal 1s calculated. The calculation process in
block 506 15 explained 1o two steps. The first step is calenlation of a meal bolus (in units
of insulin} m accordance with the following equation:

Estimated Mcal Bolus = EstimatedCarbs / CIR {(11A)

where CIR is the Carbohydrate-to-Insulin Ratio, previously discussed.
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186128} The Mcal Bolus process 500 then determines the Estimated Meal Bolus Rate
based on the following equation:

Estimated Meal Bolus Rate = Estimated Meal Bolus * C/ Tveamotusi {(118)
Where, Tieanons 18 the time duration of the first time interval of the Meal Bolus total
period of time Theapons. C 1S 8 constant adjusied to infuse the optimum portion of the
Estimated Meal Bolus during first time interval Tyeamons:. For instance: if Estimated
Meal Bolus = 6 units, Theaponss = 0.5 hours, and C = 25%, then applying Eq. 114 as an
example:

Estivaated Meal Bolus Rate = (6 units) * 25% / (0.5 hours) = 3 units/hour (110}
The Meal Bolus process 500 calenlates the Total Insulin Rate at block 508 as follows:

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

(12)

186121} The Mcal Bolus process SO0 flows to block 510 where it scts the time mterval
for the first interval Thpapons: 0 1ts configured value, {e.g., usually 30 minutes), which
will end at the second meal bolus blood glucose (BG2).
[6G122]  After the first time interval Thpaponss expires {e.g., after 30 minutes elapse),
the Meal Bolus process 500 prompts the user 40 to enter the blood glucose value BG
once again at block S01. When the Meal Bolus process 500 determnes that the enfered
blood glucose value BG is not the first blood glucose value BG1 entered at block 504
(i.c., the pre-meal BG, BG1, as previously discussed), the process 500 flows to block
514. At block 514, the Meal Bolus process 500 determines if the blood glucose value BG
18 the second value BG2 entered by the user 40, I the user 40 contirms that the entered
bicod ghucose value BG is the second blood glucose value BG2 entered, the Meal Bolus
process 500 uses the just-entered blood glucose BGZ to calculate the intravenous insulin
rate IRR at block 516 and flows to block 524. Simultancously, if the blood ghicose 1s the
second blood ghicose BG2, the Meal Bolus process 500 prompts the user 40 to enter the
actual amount of carbohydrates that the patient 10 received at block S18. The Meal
Bolus process 500 then determines at decision block 520 and based on the inputted
amount of actual carbohydrates, if the patient did not cat, 1.¢., if the amount of
carbohydrates is zero. If the Meal Bolus process 500 determines that the patient did not

cat, the Mcal Bolus process 500 then flows to block 540, where the meal bolus process
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500 1s discontinued, the multiplier is no longer frozen, and the time interval They 18
restored to the appropriate time interval Tyex, as determined by process 400, 1 however,
the Meal Bolus process 500 determines that the patient 10 ate, t.e., the actual
carbohydrates is not zero, then The Meal Bolus process 500 flows to block 522, where i
calculates a Revised meal bolus rate according to the following equations, where the
Revised Meal Bolus and then an amount of insulin (in units of insulin)are caleulated:
Revised Meal Bolus = ActualCarbs / CIR {(13A)
{86123} 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 Bolus Delivered = Estimated Meal Beolus Rate * (T, - T1) (138}
where time T1 1s the time of when the first blood glucose value BG1 1s measured and

time T2 is the time when the second blood glucose vahie BG2 1s measured.
186124} The process at block 522 then calculates the portion of the Revised Meal
Bolus remaining to be delivered (i.¢., 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 {(13C)
188125  The process at block 522 theun calculates the Revised Meal Bolus Rate as
follows:
Revised Meal Bolus Rate = Revised Mceal Bolus Remaining / Time Remaining  (14A)
where Time Remaining = ThvieiBeins ~ | Mealiols1- Sinee the total time interval Tiazons
and the first time mterval Tipeizenss are precontfigured values, the Tirae Remaining may
be determined.
186126} The Mcal Bolus process 500 calculates the total insulin rate at block 524 by
adding the Revised Meal Bolus Rate to the regular Intravenous Rate (1IR), based ou the
bloed ghicose value BG:
Total lnsulin Rate = Revised Meal Bolus Rate + [IR {(14B)

[86127F The Mecal Bolus process 500 flows to block 526 where it sets the time interval
Twexe to the second interval Tigumons 2, which will end at the third meal bolus blood glucose

BG3 e.g., usually 30 minutes.
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186128]  After the second interval, Thsepens> expires {2.g., 30 minutes), the Meal Bolus
process S0 prorapts the user 40 to cuter the blood glucose value BG once again at block
501. The Meal Bolus process 500 determines that the entered blood glucose value BG s
not the first blood glucose value entered at block 504 (previcusly discussed) and flows to
block 514. The Meal Bolus process 300 determines that the entered blood glucose value
B 1s not the second blood glucose value entered at block 514 (previously discussed) and
flows to block 528, At block 528, the Meal Bolus process 300 determines if the blood
glucose value BG is the third value entered. I the entered blood glucose value BG is the
third blood glucose value BG cotered, the Meal Bolus process 500 calculates the
intravenous insulin rate IRR at block 530 and flows to block 532,

[80129] At block 532 the process determines the Total Insulin Rate by adding the
newly~-determined Regular Intravenous Insulin Rate (1IR} to the Revised Meal Bolus
Rate, which was determined at BG2 and remains effective throughout the whole meal
bolus time, T ealboius.

186138 The Mcal Bolus process 500 flows to block 534 where it sets the time interval
T to the third interval Typamenss for the fourth roeal bolus blood glucose, ¢.g., usually
60 minutes. In some implementations, more than 3 itervals (Tyeasonss, TatealBotus?
Direainonsz) Taay be used. Additional intervals Typwpensymay also be used and the process
handles the additional intervals Thpumeney similarty to how it handles the third time
interval Tyeaponss. As discussed i the current exaraple, the third interval Thearponss 18 the
fast time interval, which ends with the measurement of the fourth biood glucose
measurcment BG4,

186131 After the third time interval, Thpamonss. £Xpires {e.g., 60 minutes), the Meal
Bolus process 500 prompts the user 40 to enter the blood ghicose value BG once again at
block 501, The Mecal Bolus process SO0 determunes that the cotered blood glucose value
B is not the first blood glucose value entered at block 504 (previously discussed) and
flows to block 514, The Meal Bolus process 500 determines that the entered blood
glucose value BG is not the second blood glucose value entered at block 514 (previously
discussed), nor the third blood glucose level entered at block 528 and flows to block 536,
At block 536, the Meal Bolus process 500 determines that the inputted blood ghicose is

the fourth blood glucose valueBG4. In this example, the fourth blood glucose value BG4
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is the last one. The process 500 then flows to block 538 where the multiplier 15 no longer
frozen, and the time interval Th 18 restored to the appropriate time interval Tre, 88
determined by the process 400 (FIG. 4A). At this time, the Meal Bolus process 530 ends
and the user 40 15 prompted with 4 message indicating that the Mcal Bolus process 500 13
no longer active.
186132}  As shown in FIG. 4E, 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 system 140, When the timer 430 is complete, a “BG Duel” message
night be displayed as shown in FIG. 4B. Moreover, the timer 430 may be a countdown
tiraer or a meal timer ndicating a sequence of mealtime intervals (¢.g., breakfast, lunch,
dinner, bedtime, mid-sleep).
(86133}  In some implementations, a Meal Bolus process 500 may be fraplemented by
the following process on a processor 112, 132, 142, Other processes may also be used.
function PreMeallIR($PatientlD, SCurrentBG, $Multiplier,

$SinsulinConcentration,

SEstCarbs, $ActualCarbs, $Timelnterval, $InsulinUnitsGfMeasure,
$MealBolusCount) {

§iir = array{};

$CarbInsulinRatio = CIR(8PatientiD);

SNormallnsulin = (§CurrentBG - 60) * SMultiplier;

if($MeaiBolusCount == ()

{
//first run - Premeal Bolus
$MealBolus = {SEstCarbs /$CarblnsulinRatio);
if{$MealBolhus <)

{$MealBolus = §;}

$iir[0] = $Normalinsulin + { $MealBolus *.5 );
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$1ir{2] = { $MealBolus *.5 ;

/*

print "Premeal: MX: " . SMultiplier . "<BR>";
print ($CurrentBG - 60) * SMultiphier;

print "+ ",

print { $McaiBolus *.5 );

®/
i

} else if{$MealBolusCount == 1)}{

{second run}

$Timelnterval)y/1.5;

//second run Post Meal Bolus
/fthird run time interval coming in 18 actually the

/

/fdifference between the premeal BG and the first Post Meal BG

$MealBolus = (SActualCarbs / $CarblnsulinRatio);
$OldMealBolus = ($EstCarbs / $CarbinsulinRatio);

$CurrentMeaiBolus = (BMealBolus - (0IdMealBolus *.5 ¥

f{$CurrentMealBolus <0)
{$CurrentMealBolus =0;}

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

$1ir{ 21 = $CurrentMealBolus ;

¥

print "PlateCheck: <BR>MX: ", SMultiplier . "<BR>";
print "Est Carbs: " . $EstCarbs . "<BR>";

print "ActualCarbs: " . SActualCarbs . "<BR>";;

print "CarblosulinRatio: " . $CarbinsulinRatio . "<BR>";

print "Timelnterval: " . §Timelnterval | "<BR>";
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print "Multiplier: " . $Multiplier;

®/
i

$MealBolus = ($ActualCarbs / $CarblnsulinRatio);
$01dMealBolus = (§EstCarbs / $CarblnsulinRatio);
¥
priut "Actual Carbs: " . $ActoalCarbs . "<BR>"
print "Est Carbs: " . $EstCarbs | "<BR>";
print "CIR: " | $CarbinsulinRatio . "<BR>",
print "Multiplier: " . $Multiplier . "<BR>";
print "CurrentBG: 7 . $CurrentBG . "<BR>";
print "HR: " (($CurrentBG - 60) * SMultiplier) . "<BR>";
print "MealBolus: " . $MealBolus . "<BR>";
print "OldMealBolus: " . $0idMealBolus . "<BR>",

print "Timelnterval: " . §Timelnterval | "<BR>";

$CurrentMealBolus = ($MealBolus - ($01dMealBolus #.5 #

if{$CurrentMealBolus <0)

{$CurrentMealBolus =0;}

$1ir{ 0] = SNormalinsulin + $CurrentMealBolus;

$iir{2] = $CurrentMealBolus;

¥

print "Post PlateCheck: <BR>MX: " | $Multiphier . "<BR>";
print "{IR: ",

print {(§CurrentBG - 60) * $Muitipiier CT<BR>T,

print "Est Carbs: " . $EstCarbs . "<BR>"

print "Acutal Carbs: " . SActualCarbs | "<BR>",

LA
[N
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print "Old Meal bolus: " . $OldMealBolus | "<BR>";
print "Timeloterval: ¥ . $Timelnterval . "<BR>";
print "Meal bolus: " . $MealBolus . "<BR>";

print "Final Cale: 7 . Sine{0];

if SinsulinUnitsOfMeasure 1= "units/hr")
.
1

$1ir{ 07 = $1ir[ 0}/ $InsulinConcentration;

refurn $iir;

[63134] Referring to FIGS. 2A and 6A-68, if the user elects to inttiate the Sub(}
Transition process 600, the Sub(} Transition process 600 determines at decision block
604 1f the current blood glucose BG is withiu a precounfigured stability target range
BGgry, ¢.g., 70-180 mg/di, which is usually wider than the prescribed Target Range,
BGrr. Hf the blood glucose BG 1s not within the preconfigured stability target range
BOgrr{e.g., BGiow < BG < BGrig), the Sub(} Transition process 600 at block 606
displays a warning notification oun the paticnt display 116, Then, at lock 610, the Sub(y
Transition process 600 1s automatically discontinued.

186135} Referring back to block 604, if the blood glucose BG is within the
preconfigured stability target range BGagrr {¢.g. 70 — 180 rog/dl), the Sub) Transition
process 600 at decision block 608 determines if the patient’s blood glucose measurement
BG has been in the patient’s personalized prescribed target range BGryg for the
recommended stability period Tsume, ¢.8., 4 hours. If the Sub{} Transition process 600
determines that the blood glucose value BG has not been in the prescribed target range
Bgrr for the recommended stability period Ty, the Sub{l Transition process 600

moves 1o block 614 where the systern 100 presents the user 40 with a warning
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notification on the patient display 116, explaining that the patient 10 has not been in the
prescribed target range for the recoromended stability period (see FIG. 6C). The SubQ
Transition process 600 continues to decision block 618 where it determines whether the
user 40 wants the patient 10 to continue the Sub(} Transition process or to discontinue the
Sub{} Transttion process. The Sub{} Transition process 600 displays on the display 116
of the patient device 110 the question to the user 40 as shown in FIG. 6C. If the user 40
chooses to discontinue the Sub{) Transttion process, the Sub{(y Transttion process 600
flows to block 624, where the SubQ Transition process is discontinued.
[88136] Referring back to block 618, if the user 40 chooses to override the warning
and continue the Sub{} Transition process, the process 600 prompts the user 40 to enter
SubQQ mformation 617 as shown in FIG. 6E. The SubQ) Transition process 600 tlows to
block 616, where the patient’s SubQ Transition dose is calculated as a patient’s total
datly dose TDD. In some implementations, TDD is calculated 1 accordance with
equation:
TDD = QuickTransitionConstant * My,  (15A)

where QuickTransitionConstant 1s usually 1000, and My 18 the pationt’s muitiphier at
the time of inttiation of the Sub(Q transition process.
[88137] Referring again to block 616, in some implementations TDD 1s calenlated by
a statistical correlation of TDD as a function of body weight. The following cquation is
the corrclation uscd:

TDD = 0.5 * Weight (kg) {158}
186138}  The SubQ) Transition process 600 continues to block 620, where the
recommended Sub{} dose is presented to the user 40 (on the display 116} in the form of a
Basal recommendation and a Meal Bolus recommendation (sce FIG. 6F).
[63139] Referring agamn to decision block 608, if the SubQ Transition process 640
determines that the patient 10 has been in the prescribed target range BGry for the
recommended stability period, Teupe, Sub(l Transition process 600 continues to block
612, where the patient’s total daily dose TDD is calculated in accordance with the
following equation:

TDD = (BGrages = K) * (Mipgans) * 24 (16)



[91]

]
(o3}

30

WO 2015/116401 PCT/US2015/011574

where My, 18 the patient’s multiplier at the time of initiation of the Sub(Q transition
process.

(66148  In some implementations, the patient’s total daily dose TBD may be
determined by the following process on a processor 112, 132, 142, Other processes may
also be used.

function getlV_TDD($PatientID)

o,

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

/return $weight/2;

$CI = get_instance();

$CI->load->model(options’),

$d = $C1->options->Getl VT DD Data(SPatienti D),
$TargetHigh = $d["TargetHigh"};

$Targetbow = Sd["Targetlow"];

$Multiplier = $d["Multiplier"}];

$MidPoint = ($TargetHigh + §TargetLow) / 2;
$Formula = ($MidPoint - 60) * $Multiplier ¥ 24;

return $Formula;

[86141] When the patient’s total daily dose TDD 15 calculated, the Sub(y Transition
process 600 continues to block 620 where the recommended Sub{} dose is presented to
the user 40 as described above. The Sub(Q Transition process 600 continues to block 622,
where the Sub{} Transttion process 600 provides information to the user 40 including a
recomracnded dose of Basal insulin. The user 40 confirms that the Basal insulin has been
given to the patient 10; this starts a transitions timer using the TransitionRunTimenex,

usually 4 hours. At this point, normal calculation rles governing the [IR are still in

N
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effect, including the intravenous HR timer (process 400), which continues to prompt for
blood ghicose tests at time mtervals Tuew as described previously. The SubQ Transition
process 600 passes to decision block 626, which determines whether the recommended
time interval TransitionRunTime has clapsed, ¢.g., 4 hours, after which tirac the SubQ
Transition process 600 continues to block 638, providing the user with subcutaneous
insulin discharge orders and exiting the 1V Insulin process i block 634,

[60142] Referring back to FIG. 2A, 1 some implementations, the subeutancous
program (at block 226} includes six sub programs: a subcutancous standard program
(FIGS. 9A-9B); a subcutancous for tube-fed patients Program (FIG. 10); a subcutancous
program with no meal boluses (FIG. 11); a meal-by-meal subcutancous program without
carbohydrate counting (FIG. 12); a meal-by-meal subcutancous program with
carbohydrate counting (FIGS. 13A-13B); and a subcutaneous program for non-diabetic
patients (F1G. 14). Some functions or processes are used within the six subcutancous
programs such as determining the general and pre~-meal correction (FIG. 7), determining
the adjustment factor AF (FIG. 8}, and hypoglycemia treatment.

163143} Referring to FIG. 7, correction boluses CB are used in the six subprograms of
SubQQ program {block 226, FIG. 2); because of this, correction boluses CB may be
ncorporated 1uto a function having variables such as the blood glucose measurernent BG
of a patient 10, a patient’s personalized target blood glucose BGrag, and a correction
factor CF. Thus, correction boluses CB are described as a function of the blood glacose
measurement BG, the target blood glucose BGrage, and the correction factor CF (see EQ.
19 below). The process 700 calculates the correction bolus CB inunediately after a blood
ghicose value BG of a patient 10 is measured. Once a calculation of the correction bolus
CB is completed, a nurse 40 administers the correction bolus CB to the patient 10, right
after the blood glucose value BG is measured and used to calculate the correction bolus
CB.

[08144]  In some examples, the process 700 may determine the total daily dose TDD of
tnsulin onece per day, for example, every night at midnight. Other times may also be
available. In addition, the total daily dose TDD may be calculated more frequently
during the day, in some examples, the total daily dose TDD is calculated more frequently

and considers the total daily dose TDD within the past 24 hours. The process 700
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provides a timer 702, such as a countdown timer 702, where the timer 702 determines the
tine the process 700 executes. The timer 702 may be a count up tireer or any other kind
of timer. When the timer 702 reaches its expiration or reaches a certain time {e.g., zero
for a countdown timer 702}, the timer 702 executes the process 700. The counter 702 18
used to determine at what time the process 704 calculates the total daily dose TDD. ifthe
counter 18 set to 24 hours for exarnple, then decision block 704 checks if the time has
reached 24 hours, and when it does, then the process 700 calculates the total daily dose
TDD of insulin. The correction bolus process 700 determines a total daily dose of insulin
TBD, based ov the following equation:
TDD = Sum over previous day {all basal + all meal boluses + all correction boluses) (17}
186145]  After the process 700 determunes the total daily dose TDD of insulin at block
706, the process 700 determines a Correction Factor CF immediately thereafter at block
710, using the calculated total daily dose TDD from block 706 and Eq. 17, The
correction factor CF 15 determined using the following equation:
CF=CFR/TDD {18}

where CFR s a configurable coustant stored 1o the nou-trauvsitory memory 24, 114, 144
of the systemn. At block 708, the process 700 retrieves the configurable constant CFR
value from the non-transitory memory 24, 114, 144 to calculate the correction factor CF
at block 710. The configurable constant CFR is determined from a published statistical
correlation and is configarable by the hospital, nurses and doctors. The flexibility of
modifying the correction constant CF, gives the system 100 flexibility when a new
published configurable constant CFR is more accurate than the one being used. In some
examples, the configurable constant CFR is a configurable constant set to 1700, other
values may also be available. In some examples, the total daily dose TDD and CF are
deterromned once per day (e.g., at or soon after rmidoight).
(80146} Once the correction factor CF is determined in EQ. 18, the process 700
determines the correction bolus 1usulin dose at block 714 using the following equation:

CB = (BG ~ BGrupa) / CF (19)
where BG 1s the blood glucose measurement of a patient 10 retricved at block 712,
B ager 1s the patient’s personalized Target blood glucose, and CF is the correction

factor. The process 700 returns the correction bolus CB at block 716, Rapid-acting
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analog insulin is currently used for Correction Boluses because it responds quickly to a
high blood glucose BG. Also rapid acting analog wmsulin is currently used for roeal
boluses; it is usually taken just before or with a meal {injected or delivered via a pump).
Rapid-acting analog msulin acts very quickly to minimize the rise of patient’s blood
sugar which follows cating.
188147} A Correction Bolus CB is calculated for a blood glucose value BG at any time
during the process 200, Pre-meal Correction Boluses CB, are calculated using EQ. 19, In
the Pre-meal Correction Bolus equation (19) there 1s no need to account for Remaining
Insulin Ipem because sufficient time has passed for alroost all of the previous meal bolus
to be depleted.  However, post-prandial correction boluses (after-meal correction
boluses) are employed much sooner atter the recent meal bolus and use different
calculations, that account for remaining insulin . that remains in the patient’s body
after a recent meal bolus. Rapid-acting analog msulin is generally reruoved by a body’s
natural mechanisms at a rate proportional to the insulin remaining Ire,, it the patient’s
body, causing the remaining insulin Ig., in the patient’s body to exhibit a negative
exponential ime-curve. Manufacturers provide data as to the lifetime of their insulin
fornmulations. The data usually includes a half-life or mean lifetime of the rapid-acting
analog insalin. The halt-life of the rapid-acting analog insulin may be converted to mean
lifetime iLifeRapid for rapid-acting insulin by the conversion formula:

iLifeRapid = Half-life * In{2) (20)
where In(2) is the natural logarithm {base ¢} of two.
[80148] The present invention uscs the mean lifetime iLifeRapid in 1ts formulas (EQ.
20}, Since the manufacturers and brands of insulin are fow, the system 100 maintains the
Half-life or iLifeRapid value of cach insulin manufacturer up-to-date.
163148}  The insulin remaining in the patient’s body Remaining Insulin Igem 18
determined by multiplying the most recent insulin bolus {Meal Bolus, Correction Bolus,
or combined bolus} times a time-dependent exponentially-dectining factor as follows:
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where Teuwen 18 the current time, and Trrevoms 18 the time at which the last bolus was
given to the patient 10. The Post Meal Correction bolus CBpoy 15 calculated sivatlar to an
ordinary correction bolus CB (EQ. 19} with a deduction of the remaining insulin Ipey in
the patient’s body:

T orvrpen i1 i
OB Y At Current” f Previouss
(Bu B()’I fLTgF:‘l') 3

— & e (Proriae S LifeRaDi: / 97
CBypgr = e {(Previous Bolusje iLtfeRapii (22}

[86158] In some cxamples, Post Meal Correction doses CBp (EQ. 22} are taken into
constderation only if they are positive (units of mmsuling, which means a negative value
post meal correction bolus CBroy cannot be used to reduce the meal bolus portion of a
new combined bolus.

186181 Referring to FIG. ¥, the process 800 describes a function that determines an
Adjustient Factor AF based on an input of a Governing Blood GlucoseBGgov. The
Adjustroent Factor AF 1s used by the six subcutaneous subprograms: a sabcutaneous
standard program (FIGS. 9A-9B); a subcutancous for tube-fed patients Program (FIG.
10); a subcutaneous program without meal boluses (FIG. 11}); a meal-by-meal
subcutaneous program without carbohydrate counting (FIG. 12); a meal-by-meal
subcutancous prograra with carbohydrate counting (FIGS. 13A-13B); and a subcutancous
program for non-diabetic patients (FIG 14). These six subprograms adjust the insulin
dose administered to a patient 10, An adjustroent factor process 800, applied to Basal
doses and Meal Boluses, determines an adjusted Recommended Basal dose RecBasal, or
a Recommended Meal Bolus RecMealBol, by applying a unit-less Adjustment Factor AF
to the preceding recoramendation of the sarae dose RecBasalye,, or RecMealBole,. All
dose adjustments are governed by a Governing Blood Glucose value BGg,,. The
Governing Blood Glucose values BGg,, in the process are selected based on the criteria of
preceding the previous occurrence of the dose to be adjusted by a sufficient amount of
time for the effect {or lack of effect) of the msulin to be observable and racasurable 1 the
value of the BGg..

[86152] At block 802, the adjustracnt factor process 800 receives the Governing
Glucose value BG,ov from non-transitory mewory 24, 114, 144, since the adjustment
factor AF is determined using the Governing Glucose value BGgoy. To determine the
adjustment factor AF, the adjustment factor process 800 considers the blood glucose

target range BGrp (within which Basal doses and Meal Boluses, are not changed), which
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is defined by a lower limit, 1.¢., a low target BGrgy, and an upper limit, i.¢., a high target
BGrru. As previously discussed, the target range BGrg is determined by a doctor 40 and
entered manually (e.g., using the patient device 110 or the medical record system 140,
via, for example, a drop down menu hist displayed on the display 116, 146). Each target
range BGm is associated with a set of configurable constants inchuding a first constant

BGayr . a second constant BGapn . and a third constant BG ey shown in the below

table.
Target Range Settings
Input Ranges BGar, | BGrey | BGrnyn | BGarm | BGammn
T6-100 760 70 160 140 180
86-120 &{ &O 120 160 200
106-148 70 160 140 IR0 220
126-160 90 120 160 200 240
146-180 110 140 IR0 220 260
Table |

1881531 The adjustment factor process 800 determines, at block 804, if the Governing
Glucose value BG,,. 13 less than or equal to the first constant BGay (BGyw <= BGar),
if so then at block 806, the adjustment factor process 800 assigns the adjustment factor
AF to a first pre-configured adjustment factor AF1 shown in Table 2.

[081584]  If, at block 804, the Governing Glucose value BGyoy is not less than the fivst
constant BGap, (i.e., BGu = BGar ), then at block 808, the adjustment factor process
800 determines if the Governing Glucose value BGg,y 18 greater than or cqual to the first
constant BGapr and less than the low target BGry of the target range BGm (BGan <
BGeov < BGr ). If so, then the adjustment factor process 800 assigns the adjustment
factor AF to a second pre-configured adjustment factor AF2, at block 818, If not, then at
block 812, the adjustment factor process 800 determines if the Governing Glucose value
BGgo is greater than or equal to the low target BGrar of the target range BGrrand less
than the high target level BGrep of the target range BGig (BGry, € BGgov < BGygra). If
s0, then the adjustroent factor process 800 assigns the adjustment factor AF to a third pre-

configured adjustment factor AF3, at block 814, If not, then at block 816, the adjustment
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factor process 800 determines if the Governing Glucose value BGg,, 1s greater than or
equal to the high target level BGyrp of the target range BGyx and less thao the second
constant BGarm (BGrru < BGgow <BGapm). If so, then the adjustment factor process
800 assigns the adjustment factor AF to a fourth pre-configured adjustment factor AF4, at
block 818, If not, then at block 820, the adjustment factor process R00 determines if the
Governing Glucose value BGy,, 1s greater than or equal to the second constant
BGarmand less than the third constant BGarm (BGarm < BGaow <BGarm). I so, then
the adjustment factor process 800 assigns the adjustment factor AF to a fifth pre-
contigured adpustment factor AF3, at block K22, I not, then at block 824, the adjustment
factor process 800 determines that the Governing Glucose value BG,,, is greater than or
equal to the third constant BGapw (BGepw 2BGarnz); and the adjustment factor process
®00 assigns the adjustment factor AF to a sixth pre-configured adjustment factor AF6, at
block 826. After assigning 4 value to AF the adjustraent factor process 800 returns the
adjustment factor AF to the process requesting the adjustment factor AF at block K28

(e.g., the subcutancous process (FIGS. 9A-9B)).

Configurable values for Adjustment Factor AF
AFT = .8
AF2 = 0.9
AF3 = 1
AF4 = 1.1
AFS = 1.2
AF6 = 1.3

Table 2
[80155]  In some examples, a patient 10 may suffer from hypoglycomia during the
execution of the process 200. Hypoglycera treatment roay be needed 1o the lutravenous
process 300 (FIGS. 3A and 3B) and 400 (FI1G. 4A) or in the Sub(} standard process 900
(FIGS. 9A and 9B). The process 200 1uclades a sub-~process that mouttors the corrent
blood glucose value BG of a patient 10 and determines if it is less than a hypoglycemia
threshold BGu,. (configurable by the hospital or doctor). If the current blood glucose
value B is less than the hypoglycenmia threshold Gy, , 8 warning message is

displayed on the display 116, 146 warning the patient 10, the nurse and the doctor 40 of
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the patient’s condition, the value of the low current biood glucose value BG, a reminder
to turo off the insulin (if the hypoglycemia event occurs in the IV Process (FIG. 2)), and a
selector that allows the nurse or doctor 40 to select the type of ghicose administered to
the patient 10, Some of the selections include: Intravenous D30 (50% glucose by weight)
tf the patient 10 has an intravenous connection; and Oral ghicose (tablets or gel}). Once
the nurse or doctor 40 cnters, using the patient device 110 or the medical record systern
1440, a type of ghucose to be administered to the patient, the process 200 calculates a dose
recommendation {or prescribed dose} and displays the calculated dose on the display 116,
146, Moreover, the process 200 prompts the nurse or doctor 40 to 1oput via the patient
device 110 or the hospital device 140, the dose By, administered to the patient 10 to
treat the hypoglycenua by grarns of glucose may be determined based on the following
equation:

Do (10 grams) = Fiyporreatment - (BGareet — BG) {23}
where BGryp is the blood glucose target range and Frypetreatmen: 16 @ hypoglycemia
treatment factor that is a configurable constant. In some cxamples, the hypoglycemia
treatment factor Fuypotreamen equals 0.2 (ghucose gm/(mg/dl}).
[661586]  If the nurse or doctor 40 selected a solution {c.g., D50 as opposed to oral
glucose), the process 200 uses a different formula to calculate the recommended dose,
where the calculated grams of glucose are divided by the concentration of glucose
ChiyportuidCone 1 the fluid in {grars of glucose /ml}) to obtain the recommended dosc in
units of solution volume {e.g., mb}. The formula is;

Diypo (o ml} = (BGrr — BG) ™* Fuypotreatment / Ciyportuidcone (24}
For D50, the hypoglycemic fluid concentration is 8.5 grams of glucose/ml.
[86187] Referring to FIGS. 2ZA and 9A-9B, if the user 40 initiates a subcutancous
insulin process 900 at block 210 or block 600, also referred to as a Standard SubQ
Program, the subcutancous insulin process 900 requests the user 40 to enter Sub(
wnformation 617 for the patient 10, such as paticut diabetes status, subcutancous type
ordered for the patient 10 {¢.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( or on continuous cternal feeds), total daily dosage (TDD) {e.g., calculated using

any of EQs. 15A-15C), bolus msulin type (¢.g., Novolog), basil insulin type {e.g., Lantus)
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and frequency of distribution (¢.g., | dose per day, 2 doses per day, 3 doses per day, etc.},
basil time, basal percentage of TDD, meal bolus percentage of TDD | daily meal bolus
distribution {e.g., breakfast bolus, lunch bolus and dinner bolus), or any other relevant
mformation . In sormge implementations, the patient SubQ information 617 is
prepopulated with default parameters, which may be adjusted or modified. In some
exaraples, portions of the patient SubQ information 617 1s prepopulated with previously
entered patient subeuntancous information 216a. The subcutaneous insulin process 900
may prompt the request to the user 40 to enter the SubQ information 617 on the dispiay
116 of the paticnt device 110, In some implementations, the subcutaneous insulin
process 200 prompts the request to the user 40 to enter the SubQ information 617 on the
display 116 of the patient deviee 110 for new Sub() patients after transitioning from
being treated with an intravenous treatment as shown in FIG. 9C. For instance, the user
40 may select whether or not to continuc treating the patient with the subcutancous
tnsulin process 900, In other implementations, the subcutaneous insulin process 900
prompts the request on the display 116 for a custom start of new Sub{Q patients being
treated with the subcutancous 1nsalin process 900 shown in FIG. 9D, Tu soroe examples,
the subcutancous msulin process 900 prompts the request on the display 116 for a weight-
based start of Sub() paticuts being treated with the subcutaneous insulin process 900 as
shown in FIG. 9E. For instance, the user 40 may input the weight {c.g., 108 kg) of the
patient 10, and in somc examples, the TDD may be caleulated using EQ. 15B based on
the patient’s weight.

(86158} Basal msulin is for the fasting insulin-needs of a pationt’s body. Therefore,
the best indicator of the effectiveness of the basal dose is the value of the blood glucose
BG after the patient 10 has fasted for a period of time. Meal Boluses are for the short-
terra needs of a patient’s body following a carbohydrate~-containing meal. Theretore, the
best indicator of the effectiveness of the Meal Bolus is a blood glucose measurement BG
tested about one ruean tusubin-hifetivae 1LifeRapid after the Meal Bolus, where the
fifetime ts for the currently-used insulin type. For rapid-acting analog insulin the hifetime
is convenicntly similar to the time between meals. The Sub(} process 900 begins with the
manual entry of a blood glucose value BG at block 902, Then the Sub{} process 900

determines the type of the blood glucose value BG, 1.¢., the time that the blood glucose
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BG is measured, e.g., midsleep, pre-breakfast, pre-hunch, pre-dinner, or bedtime. In some
exaruples, the subcutaneouns insulin process 900 includes a defauit setup of three meals
per day, but a bedtime snack or other additional meals may be configurable.
[B6159] At block 904, the subcutancous insulin process 900 determines if the blood
ghucose type BGype 18 Midsleep (measured during a patient’s midsleep). 1fso, then the
subcutancous mnsulin process 900 calculates a midsleep correction dose CBygiaseep OF
insulin at block 914, using the following equation (based on EQ. 2):

CBuigsteop = (B Gutitsioep — BOTaguVCF; (25}
or by the Correction Bolus Fuunction, process 700, (FIG 7), and sends the blood glucose
value BG at midsleep BGuiaeep (received at block 902} to block 942,
(00168}  If the entered blood glucose BG 1s not measured during midsleep, t.e., BGype
is not equal MidSleep, then the subcutancous insulin process 900 determines if the blood
glucose type BGipe 18 measured before breakfast (BGy,. = pre-Breakfast) at block 906.
If so, then the subcutaneous insulin process 900 calculates a breakfast correction dose
CBuyjeainst ©F insulin at block 916, using the following equation (based on EQ. 2}

CBpreatos ™ (BGBreaktast — BOmarge Y CF; (26}
and the patient 10 is administered the breakfast correction dose CBpreaksas 88 S00R a8
possible. Block 906 sends the pre-breakfast blood glucose value to block 924 and block
950. At block 924, the nurse 40 admunisters the patient 10 with the breakfast bolus
RecBreakBolusen ), and then passes the pre-breakfast blood glucose BGyreakns to block
936 (where the next Recommendation for the Breakfast bolus is calculated after the pre-
tunch BGtype 1s entered). Once the pre-lunch blood glucose is entered at block 902, and
the adjustment factor parameter AF governed by the pre-hunch blood glucose is
determined {(FIG. 8), the adjustment factor AF is also sent to block 936, At block 936,
the process 900 determines the next recoramended Breakfast Bolus RecBreakBolavex
based on the following equation:

RecBreakBolew ™ (RecBreakBolcupeny) * AF (27)

At block 950, the subcutaneous insulin process 900 determines if the pre-breakfast blood
glucose BGypreaktast has been tested, if not then the subcutancous insulin process 900
blocks basal recommendation, and blocks the Give Basal dose input sequence at button

960, and posts a warning, displayed on the display 116, 146, to the patient 10, nurse and
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doctor 40 at block 954 and is stored in the non-transitory memory 24, 114, 144 at block
954, However, if the pre-breakfast blood glocose BGgjearnst has been tested, then the
subcutanecus insulin process 900 selects, at block 942, the Governing blood glacose
BGgov a5 the lesser of the two blood glucose values, 1.¢., the midsleep blood glucose
BUGwmiasieep 0F the pre-breakfast blood glucose BGarans, s shown in the following
equation:

B (for Basal adjustment) = MIN(BGugiasicep ©F BUnreaksast) {18}
(08161}  In some implementations, the governing bicod glucose BG,. for Basal is the
fesser of the MidSleep blood glucose BGuuasieep OF the pre-breakfast blood glucose
BGpicavtas tnless the system 100 deternunes that the MidSleep blood glucose BGuasioen
caused a Correction bolus dose CB greater than a muaximum value (MSCorrMAX), and
the following equation applies:

(Time of BGyreapnust — Time of BGysignice, Correction dose ) < DTmin {29}

where DT, 18 a preset time window. In other words:

{
IF {ThreaktastBG — TMSCorr) > DTrmin} AND
{MidSleep Correction > MS8CorrMAX} THEN
{BGgov for Basal} = MAX{ pre-breakfastBG, MidSleepBGH
ELSE {BGgov for Basal} = MIN {pre-breakfastBG, MidSleepBG}

(00162}  After determining the governing blood glucose BGy,., the subcutancous
insulin process 900 determines the adjustment factor AF at block 944 (see. FIG. 8). The
adjustment factor process 800, returns the adjustment factor AF as a function of the
governing blood glucose BGg,,. The subcutaneous msulin process 900 sends the
adjustment factor AF to block 946, where the subcutaneous insulin process 900
determines the adjustment to the patient’s insulin dose by the following equation

RecomBasal = (previous RecomBasalpu * AF, (3()
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and the nurse 40 give the patient 10 the Recommended basal dose RecomsBasal at block
948,
1661631  In some implementations, where the patient 10 receives multiple Basal doses
per day, the subcutancous nsulin process 900 provides the patient 10 with equal doses
cach time. Therefore, the recommended basal doses RecomBasal for a full day are equal
to the first recommended basal dose of Eq. 30. This makes it possible to administer the
morning Basal dose RecomBasal immediately after the pre-Breaktast BG has been tested.
[60164] For meal Bolus adjustients, the adjustment is applicd to the meal bolus of the
sarue meal of the previous day (known as the Governing Meal Bolus MBg. ). An
equivaliont statement is that the next day’s meal bolus is the adpustment applied to the
current meal bolus. The adjustment 1s based on the Governing Blood Glucose BGg,
which is the next scheduled blood glucose BG, following the Governing Meal Bohus
MB,ov. The adjustment value 1s determined by the Adjustraent Factor process 800 (FIG.
8, whose wput is the Governing Blood Glucose BGg,y and whose output is the
adjustment factor AF. The adjustment factor AF is multiplied by the Governing Meal
Bolas MBg.. to obtain the adjusted Recormmended Meal Bolus RecMealBol.
[08165]  If cither the governing blood glucose B, or the governing meal bolus
MB,,v 1s missing, then the previous day’s Recommended Meal Bolus RecMealBol., 1s
kept in place.
[80166] The SubQ proccess 200 1s designed with three meals during the day, Breakfast,
Lunch, Dinner. Considering the lunch as the meal, after the blood ghicose BG is
manually entered at block 902, the Sub( process 900, at block 908, deterrnines that the
blood glucose type, BGyype 1S pre-lunch, L.e., BGrune . the SubQ process 900, at block 918
determines the correction dose based on the following equation (based on EQ. 2}
CBruncs = {(BGrunch — BGrareer) / CF, (31}
(86167}  Once the SubQ process 900 determines the correction dose, the dose i
displayed on the display 114, 146 so that the nurse 40 can administer the dose to the
patient 10 as soon as possible.
[68168] The current Recommended Lunch Bolus is available at block 962; it has been
available since the previous day’s pre-Dinner BG. This current Recommended Lunch

Bolus is displayed on the display, and the nurse gives the Lunch Bolus
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ReclLunchBologuen at block 926, The Sub€) process 900 does not determine a new
recommended dose until the pre-Dinner blood glucose is tested at block 910, Then the
pre~dinner blood ghucose BG serves as the BG,,, for the Lunch Bolus and the Sab(}
process sends the BG,., to block 932, which 1s the input/output box of the adjustment
factor process 800, The adjustment factor process 800 returns the adjustment factor
paramcter AF, which 1s in turn sent to block 938, At block 938, the process deterrnines
the Next Recommended Lunch Bolus, RecLunchBobe based on the following equation:

RecLunchBolyew = RecLunchBoleyyen ¥ AF (32
[88169]  The other meals, Breakfast and Diuner follow the same patiern as the example
of Lunch set forth above.
188170} Counsidering dinner as the meal, after the blood glucose BG is manually
entered at block 902, the Sub{(} process 900, at block 918, determines that the blood
glucose type, BGyye 18 pre-dinner. The SubQ) process 900, at block 920 determines the
correction dose based on the following equation (based on EQ. 2):

CBoinner = (BGpinner — BGrupe) / CF, {33)
160178} Once the SubQ process 900 deterroines the correction dose, the dose is
displayed on the display 116, 146 so that the nurse 40 can administer the dose to the
patient 10 as soon as possible.
(88172} The current Recommended Dinner Bolus ReeDinnerBoluSeyren 18 available at
biock 962; it has been available since the previous day’s Bedtime blood glucosenedtime.
This current Recommended Dinner Bolus is displayed on the display, and the nurse gives
the patient 10 the recommended Dinner Bolus RecDinnerBolus uren 8t block 928, The
Sub{} process 900 does not determine a new recommended dose RecomBolus until the
bedtime blood glucose 1s tested at block @12, Then the bedtime blood glucose BG serves
as the BGgov for the dinner Bolus and the SubQ process sends the BGgov to block 934,
which is the input/output box of the adjustment factor process 800. The adjustment
factor process R00 returns the adjustment factor parameter AF, which is in furn sent to
biock 940. At block 940, the process 900 determines the Next recommended Dinner
Bolus RecDinnerBolusyex based oun the following equation:

RecDinnerBolusye, = RecDinnerBoluSeymen: * AF (34}

67



[91]

1R
o

WO 2015/116401 PCT/US2015/011574

{06173} When the Sub(} process 900 determines that the blood glucose BG type BGiype
is bedtime BGpeaume (1.€., the blood ghicose BG 1s taken at bedtime) at block 812, the
SubQ process 900 determitnes at block 922 the correction dose (based on H{}. 2}

CBiediime = (BGaediime — BOrarger) / CF, (35)
1B8174]  As previously mentioned, the Sub@Q process 300 is configurable to add
additional blood glucose BG measurements having blood glucose type BGyy,. of
miscellaneous, as shown in block 956, The Sub(} process 908 determines a correction
dose at block 958,

RecMiscBolusiey = (RecMiscBohuscuren) ™ AF {36)

186175) FIG. 10 shows the Sub( for Tube-Fed Patients process 1000 for critically il
patients who are ordered nil per os (NPO), which rocans that oral food and fluids arc
withheld from the patient 10. This process 1000 is designed specifically for patients 10
who are receiving a nutrition forrula via a tube to the stomach or intravenous TPN (total
parenteral nuitrition). TPN is when the patient 10 is only receiving nutritional benefits
intravenously. WNeither TPN nor Tube-Fed patients require meal boluses because they are
not cating meals. Instead, they are given equal boluses of Rapid-Acting insulin at
equally-spaced scheduled times around the clock to mect the continuous insulin needs of
their coutinuous tube~-feeding or TPN nutrition; these boluses are called Equal-Boluses
(EgBolus).
186176]  SubQ for Tube-Fed Patients process 1000 allows the nurse or doctor 40 to
divide the day into equal intervals, via the display 110, 114, In addition, the nurse or
doctor 40 can choose the number of scheduled blood ghucose racasurements BG per day,
which equals the number of intervals per day. Each interval includes a scheduled blood
glucose measurement BG and an Equal-Bolus EqBelus. The scheduled blood ghacose
times are: Tsched; Teched2; Tsched3. .. etc., with associated blood glocoses BGI; BG2;
BG3.. ete. The SubQ for Tube-Fed Patients process 1000 displays the time and BG
number of the next-scheduled blood glucose, via the display 110, 114 at block 1040,
Optionally, the Sub{} for Tube-Fed Patients process 1000 may employ a countdown timer
10590 to obtain the blood glucose measurements BG at the proper times.
166177} To prevent the BG schedule from “migrating around the clock-face”, the

following method is used: The SubQ for Tube-Fed Paticuts process 1000 deternunes if
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the time at which the blood glucose BG was measured BGriy,. falls within one of the
intervals fisted above. If so, then the countdown timer 1050 is sct to time-out on the next
scheduled blood glucose time Tschedl, Tsched?, Tsched3, ... ctc. Each mterval s
configured with a start time margin (May) and an end time margin {Mpag}. The Sub( for
Tube-Fed Paticnts process 1000 may be sumumarized as follows:

IF [{(Tchedt — Maart } < BGrige <= { Tsepear + Mina) s THEN Set countdown timer to time-
out at Tyenea)

IF [{Tochedr — M) < BGrime <= { Tachear T Mg} ; THEN Set countdown timer to time-
out at Ticheaz ... and 80 on.

In some exaraples, where there are four mtervals configured, then the last interval’s logic
is as follows:

251F [{Tseheds — Mt} < BGrime <= ( Tachieds T Mina}; THEN Set countdown timer to
time- out at Tecnodl.

[6G178]  In some implementations, the Sub{(} for Tube-Fed Patients process 1000
provides two blood glucose schedule plans: Six blood glucose BG tests per day; or four
blood glacose BG tests per day.  The nurse or doctor 40 can select which one to use for a
specific patient1Q. The first biood glucose plan for six blood glucose measurements per
day includes the tollowing details: each scheduled blood glucose measurement is four
hours apart from the next, e.g., 00:00, 04:00, 08:00, 12:00, 16:00, and 20:00, with a start
margin Mo of 2 hours and an end margin My of 2 hours. 1t a blood glucose
measurement BG falls within the imterval(i) from {Teenead) — 2 brs} 1o {Taneali) + 2 hrs}
the Countdown Timer is set to expire on the next scheduled time, Tsehea (11}

16G179] The second blood glucose plan for four blood glucose rocasurements per day
is shown in FIG. 10, FIG. 10 further shows a misceliancous blood glucose measurement
that 1s not scheduled. The blood glucose measurements are cach scheduled six hours
apart from the next at 00:00, 06:00, 12:00, and 18:00, with a start margin M, of 4 hours
and an end margin M.yg of 2 hours. If a the blood glucose measurement falls within the
interval {1) from {Tecnea{i) — 4 hrs} 10 {Taea(1) + 2 hrs} the Countdown Timer is set to

expire on the next scheduled BG Topea(it1). All four of the blood glucose BG tests.

Blood Glucose Measurement every 6 hours
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Start Margin (Mg} | 4 hours
End Margin (Mpug) 2 hours
Tsched! 00:00
Tched2 06:00
Tched3 12:00
Tschead 18:00
Table 3

[8818¢] The SubQ for Tube-Fed Patients process 1000 starts with a manual blood
ghicose measurement BG entry accompanied by the blood glucose measurement time
BGrime at block 1002, At block 1080, an interactive popup asks the user if the blood
glucose 1s a “Scheduled BG™ or a miscellaneous {(*Misc”) blood glucose test that is not
scheduled. I the user chooses “Mise”, then the Sub(Q) for Tube-Fed Patients process
1000, at block 1012, assigns a value of “Misc” to the field BGype and records the date-
time starnp (“Recorded time”). At block 1030, the Sub(} for Tube-Feeding process 1000
deterromnes a correction dose CB for the manual blood glucose rocasurement, using EQ.
2. The SubQ for Tube-Fed paticnts process 1000 displays the correction dose CB on the
display 116, 146, to the patient 10, nurse and doctor 40 at block 1040 and stores the value
in non-transitory memory 24, 114, 144 at block 1042,

[86181] Returning to block 1080, if the user chooses “Scheduled BG”, the Sub() for
Tube-Fed Patients process 1000 determines, at block 1004, if the blood glucose time
BGriye 18 within the interval from (Typea! — Mg 10 (Taped b+ Mpaa). I the blood
glucose measurement time BGryime 18 within the interval, i.e., (Tahea!— Mstar) < BGrime
{Tschea 1+ Mppa), then the Sub() for Tube-Fed Patients process 1000, at block 1614,
assigns the value “BG17 to the field BGtype, resets the countdown timer t0 Tepeq 2 and
displays a reminder of the next BG timae on the display 116, 146 at block 1040, Then,
the Sub(} for Tube-Fed Patients process 1000, at block 1022, determines the correction
dose B based on the blood glucose value BG, using EQ. 2:

CB = (BG — BGrage) / CF (2)

or using the Correction Diose Function, process 700. The Sub{} for Tube-Fed patients

process 1000 displays the correction dose CB on the display 116, 146, to the patient 10,
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nurse and doctor 40 at block 1040 and stores the value in non-transitory memory 24, 114,
144 at block 1042, Additionally, the Sub(y for Tube-Fed Patients process 1000, at block
1044, uses the blood glucose value BGI as the governing BG for adjusting the value of
the four Equal-Boluses (EqBohus). Specifically, at block 1044, the SubQ for Tube-Fed
Patients process 1000 uses the blood glucose value BG1 as the input value BGgov for the
Adjustment Factor (AF) function for determining a value for the AF. The SubQ for
Tube-Fed Patients process 1000, at block 1046, retrieves the Previous Day’s
Recommended Equal-Bolus from memory 24, 114, 144, and at block 104X, determines a
new value for the Recommended Equal-Bolus (¢.g., all four EqBolus) by multiplying the
AF value from block 1044 by the Previous Day’s Recommended Equal-Bolus from block
1046, The SubQ for Tube-Fed paticnts process 1000 displays the Recommended Equal-
Bolus (EqBolus) on the display 116, 146, to the patient 10, nurse and doctor 40 at block
1040 and stores the value in non-transitory memory 24, 114, 144 at block 1042

(661821 However, if at block 1004 the Sub{} for Tube-Fed Patients process 1000
determines that the blood glucose measurement time BGryy,e 18 not within the interval
from (Tsnea! — Mgan} 10 (Tocnea 1+ Mpng), the SubQ for Tube-Fed Patients process 1000
determines if the blood glucose measurement time BOpinme 15 within a second interval
{Ticrea? ~Msuare) 10 (Tsenea? + Mpng) at block 1006, and if so, then the Sub(Q for Tube-Fed
Paticnts process 1000 at block 1016 assigns the value “BG2” to the ficld BGtype, resets
the countdown timer to Tyes3 and displays a reminder of the next BG time on the
displayv116, 146 at block 1040. Then, the SubQ} for Tube-Fed Patients process 1000, at
block 1024, determines the correction dose CB based on the blood glucose value BGZ,
using EQ. 2 or using the Correction Dose Function, process 700,

186183}  The SubQ for Tube-Fed patients process 1000 displays the correction dose CB
on the display 116, 146, to the patient 10, nurse and doctor 40 at block 1040 and stores
the value in non-transitory memory 24, 114, 144 at block 1042, Additionally, the Sub(}
for Tube-Fed Patients process 1000, at block 1036, uses the blood glucose value BGZ as
the governing BG for adjusting the Basal dose. Specifically, at block 1036, the Sub( for
Tube-Fed Patients process 1000 uses the blood ghicose value BGZ as the input value

BGgov for the Adjustment Factor (AF) function for determining a valuc for the AF.
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186184 The SubQ for Tube-Fed Patients process 1000, at block 1056, retrieves the
last Basal dosc of the previous day RecBasalp e from memory 24, 114, 144, and at block
1058, deternunes a current day’s Recornmended Basal Dose RecBasal by multiplying
the AF value by the RecBasalr ., as follows:

RecBasal = (RecBasaly o) ¥ AF (37

The SubQ for Tube-fed patients process 1000 displays the RecBasal on the display 116,
146, to the patient 10, nurse and doctor 40 at block 1040 and stores the vahie in non-
transitory memory 24, 114, 144 at block 1042.

[B8185]  However, it at block 1006 the SubQ for Tube-Fed Patients process 1000
determines that the blood glucose measurement time BGrin,e 15 not within the interval
from (Tichea? ~ Mar) 10 (Tachea 2T Mipaa), the Subl} for Tube-Fed Patients process 1000
determines if the blood ghucose measurement time BGrime 18 within a third imterval
{Tsenead —Magiar} 10 (Tscnea3 T Mung) at block 1008, and if so, then the SubQ for Tube-Fed
Patients process 1000 at block 1018 assigns the value “BG3” to the field BGtype, resets
the countdown timner 1o Teneed and displays a reminder of the next BG time on the
display 116, 146 at block 1040. Then, the SubQ for Tube-Fed Patients process 1000, at
block 1026, determines the correction dose CB based on the blood glucose value BG3,
using EQ. 2 or using the Correction Dose Function, process 700,

186186] However, if at block 1008 the SubQ for Tube-Fed Paticuts process 1000
determines that the blood glucose measurement time BGrige 18 not within the interval
from (Tschead = Mstart} 10 (Tschead+ Maag), the SubQ for Tube-Fed Patients process 1000
determines if the blood ghicose measurement time BGrige 1s within a fourth interval
{Tschedd —Msiar) 10 {Tionead T Mpng) at block 1010, and if so, then the Sab( for Tube-Fed
Patients process 1000 at block 1020 assigns the value “BG4” to the field BGtype, resets
the countdown timer 10 Tsreal and displays a rerainder of the next BG time on the
display 116, 146 at block 1040, Then, the Sub(} for Tube-Fed Paticuts process 1000, at
block 1028, deterroines the correction dose CB based on the blood ghicose value BG4,
using EQ. 2 or using the Correction Dose Function, process 700,

[6G187]  FIG. 11 describes a Sub(} Without Meal Boluses process 1100, where the

biood glucose measurements BG are deferred until after the meals, resulting in large

-
[\



[91]

25

WO 2015/116401 PCT/US2015/011574

after-meal correction boluses that incorporate insulin to cover the meals. The SubQ
Without Meal Boluses process 1100 divides the day into intervals that may be of equal
duration or unequal duration. Each interval includes a scheduled blood ghacose
measurcment BG. In some examples, the SubQ} Without Meal Boluses process 1100
includes five blood glucose measurements BG per day. The SubQ Without Meal Boluses
process 1100 may be configured to include other numbers of time intervals. In addition,
the SubQ Without Meal Boluses process 1100 includes configurable blood glucose BG
measurement times. i some examples, the measurement schedule includes blood
glucose measurements BG places about one to three hours after regular mealtiroes, which
is an appropriate timing for post-meal correction.

[66188] The scheduled Blood ghucose measurement times BG times are named with a
Tocnedl, Tacned 1, TicneaZ €. The Time-intervals are marked by Time Boundaries, named
“Thouna with numbered subscripts. These time-values are configurable. An example of

default times are shown in the following table:

Default Times
Toounds = 0:00 BGwiasieep: Tochea: = 03:00
Thoundt = 05:00 B petore Breakfast: 1 soheaz=07:00
Thoundy = 08:00 BOAfierBreakast | sched3™10:00
Thounas = 11:00 BOAfier Lunch: 1 scheas™1 3:00
Thounds = 18:00 BGgedtime: T seheds™22:00
Table 4

(86189}  Similar to the Sub(} for tube-fed patients process 1000 (FIG. 10), the Sub()
Without Meal Boluses process 1100 (FIG. 11} mcludes a countdown timer 1101 used to
obtain the blood glucose BG tests at the proper times.

(86190} To prevent the BG schedule from “migrating around the clock-face”, the
following method is used:

186191}  The Sub( Without Meal Boluses process 1100 determunes if the time at which
the blood glucose BG was measured BGripe falls within one of the intervals, 1f so, then
the countdown timer is set to time-cut on the next interval’s scheduled blood glucose

mcasurement Tochedr, Lsched2s Lscheds, ... €tC. This can be thought of as a “snap-to-the-
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schedule” feature. Each interval is configured with a start time margin (Mg} and an end
timne roargin (Mpgaq). The Sub(Q Without Meal Boluses process 1100 may be summarized
as follows:

IF [ Thoundo < BGrime < Toownat; THEN Set countdown timer to time-out at Topea

IF [ Tooundt < BGrime < Toounaz); THEN Set countdown timer to time-out at Tupeqs

IF [Toouner < BGrime < Toounaz]s THEN Set countdown timer to time-out 8t Tgeqq

IF {Toounes < BGrime < Toowas); THEN Set countdown timer to time~-out at Teepeds

IF [Thomar < BGrime < Thounaol; THEN Set countdown timer to time-out at Teopeas

1861921  The SubQ Without Meal Boluses process 1100 starts with a2 manual blood
ghucose measurerment BG entry accorupanted by the blood glucose measurement tirae
Brine 8t block 1102, Then at block 1104, the Sub{} Without Meal Boluses process 1100
determines if the blood ghucose measurement time BGrine 18 within the interval from
Toounds 10 Toounar. I the blood ghicose measurement time BGrpiye 18 within the mterval,
£.€., Thoundo < BGrime < Toounat, then the Sub(} Without Meal Boluses process 1100, at
block 1114, resets the countdown timer to T2, Then the Sub(Q Without Meal Boluses
process 1100, determines a correction dose UB at block 1122, using EQ. 2.

[88193] However, it at block 1104 the SubQ Without Meal Boluses process 1100
determines that the blood ghicose measurement time BGryne 18 not within the interval
from Tooundo 0 Toeundt. the Sub(y Without Meal Boluses process 1100 determines if the
blood glucose measurement time BO iy 18 within a second interval Toounai (0 Thoundz, and
if 50 then the Sub(y Without Meal Boluses process 1100 at block 1116, resets the
countdown timer to Tuped? and at block 1124, determines a correction dose CB, using
EQ. 2.

[66194] However, if at block 1106 the Sub() Without Meal Boluses process 1100
determines that the bloed glucose measurement time BGriy, 18 not within the interval
from Toounas 10 Thoundz, the SubQ Without Meal Boluses process 1100 deterraines if the
bicod ghucose measurement time BGryim, 18 within a third interval Toounez 10 Toounds 8t
block 1108, and if so then the Sub(y Without Meal Boluses process 1100 at block 1118,
resets the countdown timer t0 Tyneqd and at block 1126, determunes a correction dose CB,

using EQ. 2.
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[86195] However, if at block 110¥ the SubQ Without Meal Boluses process 1100
deternmnes that the blood ghucose measurement time BGpyge 18 not within the third time
interval from Tooundz 10 Toounds, the Sub{l Without Meal Boluses process 1100 determings
if the blood glucose measurcment time BGryne 15 within a fourth interval Toousas 0 Thounds,
and if so then the Sub(Q Without Meal Boluses process 1100 at block 1120, resets the
countdown timer to Typeas and at block 1128, determines a correction dose CB, using EQ.
2.

(86196} However, if at block 1110 the Sub) Without Meal Boluses process 1100
determines that the blood ghicose measurement timne BGrime 18 not within the fourth time
interval from Togungs 10 Toounas, the SubQ Without Meal Boluses process 1100 determines
if the blood glucose measurement timne BGriy. 18 within a fifth mterval Toousas t0 Thounds,
and if so then the Sub(} Without Meal Boluses process 1100 at block 1130, resets the
countdown timer t0 Tyheqr and at block 1131, determines a correction Dose CB, using
EQ. 2.

1861971  As shown, the SubQ Without Mcal Boluses process 1100 repeats itself five
timnes since there are five scheduled blood glucose measurement BG; however, the Sub(}
Without Meal Boluses process 1100 may include more or less time intervals.

[08198]  The SubQ Without Meal Boluses process 1100 adjusts the basal wnsulin
dosage by first determining the Governing blood glucose BG,,, at block 1134, The Sub(Q
Without Mcal Boluses process 1100 determines the Governing blood glucose BGgow as
the blood glucose BG closest to 06:00 carlier on the same day as the basal dose whose
recommendation is being calculated. To insure that the closest blood glucose BG is
obtained, the basal dose 15 not allowed until an elapsed time after 06:00 equal to the
clapsed time from the preceding BG until 0600, This is to insure that all opportunity for
“another BG closer to (600 has passed.

(66199}  The Sub() Without Meal Boluses process 1100 passes the Governing blood
glucose BGy,, from block 1134 to block 1136, which determmnes the adjustment factor
AF {see FI0. 8) and passes it to block 1138, At block 1138, the SubQ Without Meal
Boluses process 1100 determines the current day’s recommended first basal dose using
the following equation:

RecBasalpng = (RecBasali supen) ¥ AF, (38)
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[8026¢] The basal dose may be one of several administered to the patient 10 during the
day, but all the doses are kept at the same value.

(662611  The process 1000 displays the correction dose UB and the recommended basal
dose on the display 116, 146, to the patient 10, nurse and doctor 40 at block 1140 and
stores the values in non-transttory memory 24, 114, 144 at block 1142,

[80262] Referring to FIG. 12, the Meal-by-Meal SubQ Without Carbohydrate-
counting process 1200 calculates the Recommended Meal Bolus by eraploying the
preceding Meal Bolus (of any type or time-of-day} as the Governing Meal Bolus MBg,
and employing the next blood ghicose following the Governing Meal Bolus as the
Governing Blood Glucose BG,,,. This means BG,,. is often the current BG in real-time.
186263] The Correction Boluses and Basal Dosce adjustment are conducted similar to
the Standard SubQ process 800 (FIGS. 9A and 9B). Therefore, a correction dose is
determined at blocks 1214, 1216, 1218, 1220, 1222, 1258 based on the blood glucose
type.

[80264] The Meal Bolus Adjustment portion of the Meal-by-Meal without
Carbohydrate-counting Sub{} process 1200 begins with a moanual blood glucose
measurement BG entry at block 1202, If the blood glucose measurement BG is
determined by block 1204 to be a blood glucose type BGy,. of a Midsleep BG, then the
process 200 sends the blood glucose measurement to block 1242, f the blood glucose
measurement BG 1s not a blood glucose type BGiy,e of @ Midsleep BG, then Meal-by-
Meal Without carbohydrate counting SubQ process 1200 determines at block 1206
whether the BG 18 a pre-Breakfast blood ghucose BGpearns. 1 the BG s determined at
biock 1206 to be a pre-Breakfast blood ghicose BGpreakns, then at block 1250, the process
1200 determines if the pre-breakfast blood glucose BGureuknas has been tested, if not then
the process 1200 blocks basal recormmendation, and blocks the intiation of the Give
Basal popup at button 1260, and posts a warning, displayed on the display 116, 146, to
the patient 1§, nurse and doctor 40 at block 1254 and 1s stored in the non-transitory
memory 24, 114, 144 at block 1251, However, if the pre-breakfast blood glucose
BGuzeaiast has been tested, then the process 1200 selects, at block 1242, the Governing

blood glucose BG,.v as the lesser of the two blood ghicose values, i.¢., the midsleep
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blood glucose BGumuasieep 0 the pre-breakfast blood ghicose BGyjeasna, as shown in EQ.
28 (above).
[G0205]  After determining the governing blood glucose BGg., the process 1200
determines the adjustroent factor AF at block 1244 (sce. FIG. §). The adjustment factor
process RG0, returns the adjustment factor AF as a function of the governing blood
glucose BGyey. The process 1200 sends the adjustment factor AF to block 1246, where
the process 1200 determines the adjustrent to the paticnt’s wsulin dose by the following
EQ. 30, then the nurse 40 give the patient 10 the Recommended basal dose RecomsBasal
at block 1248.
[86206]  If the Meal-by-Meal without carbohydrate counting Sub(Q process 1200, at
block 1206, determines that the blood glucose racasurement BG is not g pre-breaktast
bloed ghicose measurement BGypranns, then it 1s passed to block 1208 where a
determination is made whether the blood glucose measurement BG 1s a pre-Lunch blood
glucose BGruen. I it is a pre-Lunch blood ghicose BGp e, then block 1208 routes the
pre-Lunch BG to block 1230 where it 1s used as the input (BGgov) for the AF Function.
The AF Fuuction returns a value of the Adjustroent Factor {(AF), which is routed to block
1238 where the Recormmmended Lunch Bolus is calcunlated by the following equation:
RecbunchBol = AF * RecBreakfastBolp, (39)
1862671 The process 1200 sends the Recommended Lunch Bolus RecLunchBolus to
the remote processor at block 1254, to the display 114, 146, at block 1252, and to block
1240 for Dinner bolus calculation.
[86208]  If the blood glucose BG is determined at block 1208 to not be a pre-Lunch
bicod glucose BGpyen, then it is routed to block 1210, fthe BG is determined by block
1210 to be a pre-Dinner blood glucose BGpime, then the blood ghicose BG is routed to
block 1232 where 1t ts used as the mput (BG,.) for the adjustment factor process 0.
The AF Function returns a value of the Adjustment Factor AF, which is routed to block
1240. The preceding Recommended Lunch Bolus is available at block 1240, which has
all the necessary data to calculate the Recommended Dinner Bolus by the following
equation:

RecDinnerBol = AF * (RecbunchBolby..) (40)

~
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1862691  The process 1200 sends the Recommended Dinner Bolus, RecDinnerBol to
the remote processor at block 1254, to the display 114, 146, block 1252, and to block
1236 for the next day’s Breakfast bolus calculation.
(86218}  If the process 1200 determines the blood glucose BG at block 1210 tonotbe a
pre-Dinner BG, then the process 1200 routes the blood glucose BG to blocki212. I the
process 1200 determines the blood glucose BG at block 1212 to be a Bedtime BG, then
the process 1200 routes the BG to block 1234 where it 1s used as the mput (BGg) for the
AF Function. The AF Function returns a value of the Adjustment Factor (AF), which s
routed to block 1236, The preceding Recommended Dinner Bolus (from the previous
day) is avatlable at block 1236, which has all the necessary data to calculate the
Recommended Breakfast Bolus by the following equation:

RecBreakfastBol = AF * (RecDinnerBolpey) (413
186211}  The process 1200 sends the Recomrmended Breakfast Bolus to the remote
processor at block 1254, to the Subject Dhata Display, block 1252, and to block 123K for
Lunch bolus calculation.
166212}  The Meal-by-Meal SubQ With Carbohydrate-counting program calculates the
Recommended Meal Bolus by dividing the carbohydrates in the upcoming meal by CIR
{Carbohydrate-to-Insulin Ratio). The Carbobydrate-to-Insulin Ratio CIR is in the form of
a single parameter that 18 re-calculated at cach meal and passed to the next meal. The
Governing CIR s defined as the CIR passed to the current meal from the preceding meal.
The process employs the next blood ghicose BG following the Governing CIR as the
Governing BG (BGy). This means BGg,, 18 often the current BG 1n real-time.
186213  The Correction Boluses and Basal Dose adjustment are conducted similar to
the Standard SubQ process 900 (FIGS. 9A and 9B). Therefore, a correction dose CB 18
deternmned at blocks 1314, 1316, 1318, 1320, 1322, 1258 based on the blood glucose
type.
100214} Referring to FIGS. 13A and 138, the Meal Bolus Adjustment portion of the
Meal-by-Meal Process 1300 begins with a manual BG entry at block 1302, If the process
1300 determines the blood ghacose value BG at block 1304 to not be a Midsleep BG, then
the process 1300 makes a determination at block 1306 whether the BG is a pre-Breaktast

BG. If the process 1300 deterraines the blood glucose BG at block 1308 to be a pre-
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Breakfast blood glucose BGupas, then at block 1350, the process1300 determines if the
pre-breakfast blood glucose BGrreans has been tested. If not, then the process 1360
blocks basal recommendation, and blocks the initiation of the Give Basal dialog at button
1360, and posts a warning, displayed on the display 116, 146, to the patient 10, nurse, and
doctor 40 at block 1354, The process 1300 stores the warning in the non-transitory
mernory 24, 114, 144 at block 1351, If, however, the pre-breakfast blood glucose
BOn:eakine nas been tested, then the process 1300 selects, at block 1342, the Governing
blood glucose BGy,v as the lesser of the two blood glucose values, 1.¢., the midsleep
blood glucose BOuigsieep OF the pre-breaktast blood ghucose BGrrearnus, as shown 1 EQ.
28 {above).
(00215}  After determining the governing blood glucose BGg.., the process 1300
determines the adjustment factor AF at block 1344 (see. FI(. 8). The adjustment factor
process 800 returns the adjustiment factor AF as a function of the governing blood
ghucose BGy.y. The process 1300 sends the adjustment factor AF to block 1246, where
the process 1300 determines the adjustment to the patient’s tnsulin dose by the following
EQ. 30, theu the nurse 40 gives the patient 10 the Recormmnended basal dose
RecomsBasal at block 1348,
[80216]  If the process 1300 determines the blood glucose BG at block 1306 tonotbe a
pre-Breakfast BG, then the process 1300 passes the blood glucose BG to block 1308,
where the process 1300 determines whether the blood glucose BG is a pre-hunch blood
glucose BGunen. [ the blood glucose BG is a pre-Launch blood ghuicose BGyue, then the
process 1300, at block 1308, routes the pre-lunch blood glucose BGuen to block 1330,
where it 1s used as the input (BG,.. ) for the adjustment factor AF Function. The
adjustment factor AF Function {(FIG. 8) returns a value of the Adjustment Factor AF,
which is routed to block 1334 where the Carbohydrate-to-Insulin Ratio (CIR) is
calculated by the following formula:

CIR = (CIR from Breakfasty/ AF {42}
186217F  The Meal-by-Meal with Carb-Counting process 1300 routes the
Carbohydrate-to-Insulin Ratio CIR to block 1338 where the Recomumended Lunch Bolus
is calculated as follows:

RecLunchBolus = {Carbohydrate gms in Lunch)/ CIR {43}
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86218} The Carbohydrate-to-Insulin Ratio CIR 18 also sent from block 1334 to block
1336 for use m the upcormng Dhnner calculations.
[66219]  if the process 1300 determines the blood glucose BG at block 1308 tonotbe a
pre-funch blood glucose BGa, then the process 1300 routes the blood glucose BG to
block 1310, If the process 1300 determines the blood glucose BG at block 1310 to be
pre-dinner blood ghucose BGyiye,. then the process 1300 routes the blood glucose BG to
block 1332, where 1t 18 used as the 1nput (B ) for the adjustrocut factor AF Function.
The adjustment factor AF Function returns a value of the Adpstment Factor (AF), which
the process 1300 routes to block 1336, where the Carbohydrate-to-fnsulin Ratio CIR 1s
calculated by the following formmula:

CIR = (CIR from Lunch}/ AF (44)
[66228]  The Meal-by-Meal with Carb-Counting process 1300 routes the CIR to block
1340 where the Recommended Dinner Bolus 1s calculated as follows:

RecDinnerBol = (Carbohydrate gms in Dinnery/ CIR {45}

186221} The Carbohydrate-to-Insulin Ratio CIR 18 also sent from block 1336 to block
1332 for use m the upcoraing Breakfast calculations. The process 1300 sends the
Recommended Dinner Bolus, RecomDinnerBol to the remote processor at biock 1354,
and to the display 114, 146, block 1352,
1862221  If the process 1300 determines the blood glucose BG at block 1310 tonot he a
pre-Dinner BG, then the process 1300 routes the blood glucose BG to block 1312, Ifthe
process 1300 determines the blood ghuicose BG at block 1312 to be a Bedtime BG, then
the process 1300 routes the blood glucose BG to block 1330, where it is used as the input
{BGgov) for the AF Function. The AF Function returns a value of the Adjustment Factor
{AF}, which is routed to block 1332, where the Carbohydrate-to-Insulin Ratio (CIR) is
calculated by the following formula at block 1334

CIR = (CIR from Dinner}/ AF {46}
1862231 The Meal-by-Meal with Carb-Counting process 1300 routes the CIR to block
1336 where the Recommended Breakfast Bolus is calculated as follows:

RecBreakfastBol = (Carbohydrate gms in Breakfasty / CIR (473
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186224} The CIR is also sent from block 1330 to block 1334 for use in the upcoming
Lunch calculations. The process 1300 sends the Recommended Breaktast Boluos to the
remote processor at block 1354, and to the Subject Data Display at block 1352,

186225 FIG. 14 shows a subcutancous process 1400 for non-disbetic patients 10 who
have a temporary condition of diabetes-like symptoms. A typical example is stress-
hyperglycemia, a condition that is encountered when the patient’s body 1s under stress
due to surgery, certain medications, or avother disease other than diabetes. The stress
causes the patient’s body to react by raising the blood glucose. As the patient recovers,
this hyperglycemic condition typically disappears, sometiroes rapidly, leaving the paticot
without need of insulin. The principle of the process is to rapidly reduce the entire
insulin dosing regimen of the patient by a factor NonDMfactor, whenever a blood
glucose measurement BG falls below a threshold.

186226} The Non-DM process 1400 begins at block 1402 with & blood glucose
measurement BG. The process 1400 determines at block 1460 if the blood ghucose BG is
below a thresheld for insulin reduction NonDMfloor. If the blood glucose BG is less
than the values of the last recommended NonDMf{loor, the process 1400 reduces, at block
1462, the value of all the last-recommended insulin doses in a table at block 1463, by
wultiplying cach value by a dimensionless configurable coustant whose value 1s between
0 and |, threshold for insulin reduction NonDMfactor. The group at block 1463 includes
the last-recommended-doses such as Breakfast Bolus BGpreansas, Lunch Bolus BGranen,
Dinner Bolus BGbinnes, and Basal Dose, irrespective of whether the dose has been given
or not. In other words, the latest recommendation (or prescribed dose) is changed
whether a dose was given or not. In many implementations, the threshold for insulin
recuction NonDMfactor is configured to a value of 0.5

1662271 Corrective insulin may also be redaced. This is accomplished by raising the
Correction Factor CF as follows: Returning to block 1462, the logic is passed to block
1464, where a value of Total Daily Dose of Insulin TDD 1s recalculated cach time the
dose 1s reduced. This is accomplished by summing all the newly-reduced values of the
last recommended values of meal boluses and basal doses. The process 1400 passes the
TDD to block 1466, where a live Correction Factor is calculated as follows:

CF = CFR/TDD (46)
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[60228] Rewrning to block 1402, the process 1400 routes the blood glucose BG o
block 1404 where the process 1400 determines 1f the blood glucose type BGyp. 18
MidSleep BGuigsiop. 1 80, then the process 1400 routes the MidSleep blood glucose
BGnidsteep t0 block 1442, If it 15 determined at block 1404 that the blood glucose type
BGuype 18 not MidSleep, the logic is passed to block 1406, where it is determined if the
bleod glucose type BGyy,. 15 pre-Breakfast BGpieany. H the blood glucose type BGiype 18
pre-Breakfast BGrreartast, the process 1400 calenlates a Correction dose CB at block 1416
and is administered as soon as possible. Also, if blood glucose type BGyy. 1s pre-
Breaktfast BGpreakns, the logic is passed to box 1424, where the previously-recommended
Breakfast meal bolus is administered.  The value of this previously-recommended pre-
Breakfast mcal bolus 1s passed to block 1436, where it 18 one of the two required
parameters for calculation of the Next Recommended Brealfast Bolus. Retuming to
block 1406, the process 1400 routes the pro-Breakfast BG to box 1450

186229  The condition at block 1450 is that the administration of basal is blocked by
not-posting the recommended Basal dose until the arrival of the breakfast blood glucose
BGpreakns from block 1406, where the pre-breakfast blood glucose BGpreans 18 sent to
block 1442, At block 1442, the process 1400 determines the governing blood glucose
BG o for Basal adjustroent as the lesser of the two blood glucose values, mudsleep blood
ghucose BGuigaeep and pre-breakfast blood glucose BGpieans. At block 1444, the process
1400 mputs the governing blood glucose BG,, for Basal into the Adjustment Factor AF
Function (FIG. 7), which returns an Adjustment Factor AF for basal adjustrment. The
process 1400 sends the adjustmaent factor AF to block 1446, where it 18 used to calculate
the Recommended First Basal Diose of the day by the formula:

Recommended first Basal Dose = AF*(Previous day’s last Basal Dose)  (48)
160238]  Basal dosing 1s adjusted only once per day, because a fasting blood glucose
BG is needed as the governing blood glucose BGy,., and the midsleep blood glucose
BChiasteep and pre-breakfast blood glucose BGyearna BO are the only reliable fasting
blood glucose measurements BG during the day. If more than one basal dose is used,
then the values are set to be equal to the first basal dose of the day. The last basal dosc of
the day is used as the Governing Basal Dose because it is the most recent dose at the time

of the midslcep blood glucose BGusiage, and pre-breakfast blood glucose BGyivaxtas:.
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186231}  If the process 1400 determines at block 1406 that the Blood Glucose type
BGyype 18 not Breakfast, the logic passes to block 1408, where the process 1400
determines if the BGy,e is Lunch. I the BGyo is Lunch, the process 1400 calculates a
Correction dose CB at block 1418, which is administered as soon as possible. Also, the
fogic passes to box 1426, where the previously-recommended Lunch meal bolus is
admunistered.  The process 1400 passes the value of this previously-recoramended Lunch
meal bolus to block 143K, where it is one of the two required parameters for calculation
of the Next Recommended Lunch Bolus. Returning to block 1408, the process 1400 also
routes the lunch blood glucose BGiue to block 1430, providing the second of the two
required parameters for calculation of the Next Recommended Breakfast Bolus as
follows:

Next Recom. Breakfast Bolus = AF*{Current Recom Breakfast Bolus) (49)
(00232}  If it 18 determined at block 1408 that BGye 15 not pre-Lunch, the logic passes
to block 1410, where the process 1400 determines if the BGp. 18 pre-Dinner. {f the
BGiype 18 pre-Dinner, the process 1400 caleunlates a Correction dose at block 1420, which
is adroinistered as soon as possible. Also, the logic is passes to box 1428, where the
previously-recomimended Dinner meal bolus is administered.  The value of this
previously-recomurnended Dinver meal bolus 1s passed to box 1440, where 1s one of the
two required parameters for calculation of the Next Recommended Dinner Bolus.
Returning to block 1410, the process 1400 also routes the pre-Dinner blood glucose
BGninse: to block 1432, providing the second of the two required parameters for
calculation of the Next Recomumended Lunch Bolus as follows:

Next Recom. Lunch Bolus = AF*(Current Recom Lunch Bolusy  (50)
(802331  If it is determined at block 1410 that BGtype is not pre-Dinner, the logic
passes to block 1412, where the process 1400 determines if the BGyp. 15 Bedtimne, If the
blood glucose type By, is Bedtime, the process 1400 calculates a Correction dose CB
at block 1422, which 1s administered as soon as possible. Also, the logic passes to box
1434, providing the second of the two required parameters for calculation of the Next
Recommmended Dinner Bolus as follows:

Next Recom. Dinner Bolus = AF*{Current Recom Dinner Bolusy)  (31)
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100234}  If it is deternmined at block 1412 that the blood glucose BGyyp. 1s not Bedtime,
the logic passes to block 1456, where the process 1400 determines if the BGyye is
Bedtimoe. If the BGyp. s Bedtime, the process 1400 calculates a Correction dose at block
1458, which is adroinistered as soon as possible. The process 1400 sends the next
recommended meal bolus to the remote processor at block 1454, and to the display 114,
146, at block 1452,

[60235]  FIG. 15 provides an arrangement of operations for a method 1500 of
administering intravenous insulin to a patient 10, The method mcludes receiving 1502
blood glucose measurements BG on a computing device (e.g., a processor 112 of a
patient device 110, a processor 152 of a hospital electronic medical record system 150, or
a data processor 132 of a service provider 130) of a dosing controller 160 from a blood
glacose measurement device 124 {e.g., glucose meter or ghacometer). The blood glucose
measurcments BG are separated by a time interval Tuew. The method 1500 includes
determining 1504, using the computing device 112, 132, 142, an insulin dose rate [IR
based on the blood glucose measurements BG. In some implementations, the method
1500 deterrmnes the insulin dose rate IRR based on the current blood glucose
measurement BG, a constant K, and a multiplier M (see EQ. 3A above). The constant K
way equal 60 mg/dh. The method 1500 wnchades leaving the multhiplier M unchanged
between time intervals Ty When the current blood glucose measurement BG is greater
than an upper limit BGyrp of the blood glucosc target range BGry and the blood glucose
percent drop BGaypwop from the previous blood glucose value BGyp is greater than or equal
to a desired percent drop BG%dropM (sec EQ. 5). The racthod also includes multiplying
the mutdtiplier M by a change factor Mcr when the current blood glucose measurement
BG is greater than an upper limit BGygrp of the blood ghicose target range BGyg and the
blood ghicose percent drop BGoupe (0t blood glucose percent drop} is less than the
desired percent drop BG%dropM. Additionally or alternatively, the method 1500
includes leaving the multiplier M unchanged between time intervals Ty when the
current blood glucose measurement BG is in the target range BGp 1. when BG is less
than an upper limit BGyrp of the blood glucose target range and greater than the lower

Hmit BGrry of the target range, BGrr. The method also includes dividing the multiplier
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M by a change factor My when the current blood glucose measurement BG is less than
the lower it BGryy of the blood glucose target range BGrg.

166236} The method 1500 may inchude setting the time interval Trew t0 2
hypoglycernia time interval Tuypo of between about 15 minutes and about 30 minutes,
when the current blood glucose measurement BG is below a hypo-threshold blood
glucose level BGayp.

1662371 The method 1500 mclades determining 1306 a blood glucose drop rate
BGpoprate based on the blood glucose measurements BG and the time interval Tneg. The
method 1500 meludes determinmng 1507 a blood glacose percent drop BGoynrop, using the
computing device 112, 132, 142 from a previous blood ghicose measurement BGs.
When the blood glucose drop rate BGpopra 18 greater than a threshold drop rate
BOproprawtimi, the method 1500 includes decreasing at 150K the time interval Thex
between blood glucose measurements reasure by the glucometer.

186238 The method 1500 also includes decreasing 1510 the time interval They
between blood glucose measurements BG when the percent drop BGenep of the blood
glucose BG is greater than the threshold of the percent drop YeDtopregutar, where the
threshold of the percent drop %Dropr.q.. depends on whether the current blood glucose
measurement BG 1s below a lower limit BGrgy of a blood glucose target range BGrx.

In some implementations, the method 1500 includes decreasing the time interval Tye
when the current blood glucose measurerment BG 1s greater than or equal to the lower
Hmit BGrry of the blood glucose target range BGyy and the biood glucose percent drop
BGonwp exceeds a threshold percent drop %6D10pregutsr. 1n some implementations, the
method 1560 includes decreasing the time interval Tu when the current blood glucose
measurement BG 18 below the lower limit BGygy of the blood glucose target range BGyg
and above the hypo-threshold blood ghucose level BGuyy,, and the blood glucose percent
drop BGewyp 1S greater than or cqual to a threshold percent drop %Drop:owtimit.

[88239]  In some exarples, the method 1500 inchades leaving the multiplier M
unchanged for at least two subsequent time intervals, Trew, When the current blood
ghucose racasurement BG is a pre-meal rocasurcment. In some exaraples, the method
1500 inchudes receiving, on the computing device 112, 132, 142, a number of

carbohydrates for s meal as well as a blood glucose measureraent, and determining, using
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the computing device 112, 132, 142, an intravenous insulin rate IR based on the blood
ghucose {this IR may be calcolated using EQ. 3A). In addition, the wethod 1500
inchudes determining, using the computing device 112, 132, 142, a meal bolus insulin rate
IIR based on the number of carboliydrates. The method 1500 then calculates a Total
tnsulin rate as the sum of the meal bolus rate and the regular intravenous rate as shown in
EQ. 12, The method 1500 may further include sciting the time interval Tyew to about 30
minutes. It the blood glucose measurerment BG is a second consecutive measurement
after (but not inchuding) an initial pre-meal blood ghicose measurement BG, the method
1500 includes setting the time interval Tyex to about 30 minutes.

[8024¢] In some implementations, the method 1500 includes clectronically displaying
on a display 116, 146 a wamning and blocking transition to a subcutancous administration
of insulin when the current blood ghicose measurement B is outside a stability target
range BGsre. In addition, the moethod 1500 includes electronmically displaying on the
display 116, 146 a warning when the current blood glucose measarement BG 1s within
the patient’s personalized target range BGrx for less than a threshold stability period of
time Taume. 0 some examples, the method 1500 includes determining a total daily dose
of insulin TDD based on the multiplier M when the current blood glucose measurement
186241} Referring to FIG. 16, a method 1600 of administering insulin includes
receving 1602 blood glucose measurements BG of a patient 10 at a data processing
device 112 from a glucometer 124, The blood ghicose measurements BG are separated
by a time interval Tuew. The method 1600 also mcludes recetving 1604 patient
information at the data processing device 112, and in some examples, storing the received
paticnt information on non-transitory memory 24, 114, 144 associated with the processor
112. The method 1600 inchudes receiving1606 a selection 226, at the data processing
device 112, of a subcutancous insulin treatment 900, 1000, 1100, 1200, 1300, 1400 from
a collection of subcutancous msulin treatments 900, 1000, 1100, 1200, 1300, 1400, The
selection 226 is based on the blood ghicose measurements BG and the patient
information 208a. The method 1600 also includes exccuting 1608, using the data
processing device 112, the selected subcutancous insulin treatment 900, 1000, 1100,

1200, 1300, 1400
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86242} In some implementations, the method 1600 includes: receiving a configurable
constant CFR; storing the configurable constant CFR 1o non-transtiory mewory
associated with the data processing device; and determining a correction factor. The
contigurable constant CFR may be determuined from a published statistical correlation.
The method 1600 may also inchide determining a pre-meal correction bolus UB, and/or a
post-prandial correction bolus CB. The method 1600 may mnchude recetving a halt-life
value of the rapid-acting msulin; and determining the mean hifetiroe iLifeRapid of the
rapid-acting insulin.

1882431 In some implementations, the method 1600 includes receiving a governing
blood glucose value BG,.., and determining an adjustment factor AF based on the
recetved governing blood glucose value BGyo. Determining the adpustment factor AF
may include determining when the governing blood glucose value BGg,, is within a
threshold range of values, and setting the adjustroent factor to a preconfigured adjustment
factor based on the threshold range of values. In some implementations, the method 1600
includes determining a Carbohydrate-to-Insulin Ratio CIR based on the adjustment factor
AF by calculating one of EQs. 42, 44, and 46,

(60244} The sclection of subcutancous insulin treatments 900, 10060, 1100, 1200, 1300,
1400 includes one or more of a subcutaneous standard program 908, a subcutancous for
tube-fed patients program 1000, a subcutancous program without meal boluses1100, a
meal-by-racal subcutancous program without carbohydrate counting 1200, a meal-by-
meal subcutaneous program with carbohydrate counting 1300, and a subcutancous
program for non-diabetic paticnts 1400. In some examples, the subcutancous for tube-fed
patients process 1000 includes: recetving a blood ghicose time BGrwe associated with a
time of measuring of the blood glucose measurement BG; determining if the blood
glucose time BGrime 18 within a threshold time interval; setting a timer 1001, 1101 fora
next blood glucose measurement BG based on the threshold time interval; and
determining a correction insulin dose CB based on the blood glucose type BGrype.
[86245]  In some examples, the standard program 900 includes determining a blood
ghucose type BGryyy. of the received blood glucose measurement BG; and determining a
correction insulin dose CB based on the blood glucose type BGpype. In some examples,

the method 1600 includes recetving a governing blood glucose value BG,,.. and
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determining an adjustment factor AF based on the received governing blood glucose
value and the blood glucose measurement. The roethod 1600 may also inchude
determining a next recommended meal bolus based on the determined adjustment factor
AF and a current recommended meal bolus.

[88246]  Various implementations of the systems and techniques described here can be
realized 1n digital electronic circuitry, integrated circuitry, 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 prograromable
system inchading at least one programmable processor, which may be special or general
purpose, coupled to reccive 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.
1862471  These computer prograrus (also known as programs, software, software
applications or code} include machine instructions for a programmable processor and can
be implemented in a high-level procedural and/or object-oriented programming language,
and/or 10 assembly/machine language. As used herein, the terms “roachine-readable
medum” and “computer-readable medium” refer to any computer program product,
apparatus and/or device (e.g., maguoetic discs, optical disks, memory, Programmable
Logic Devices (PLDs}) used to provide machine instructions and/or data to a
programmable processor, including a raachine-readable medium that receives machine
instructions as a machine-readable signal. The term “machine-readable signal” refers to
any signal used to provide machine instructions and/or data to a programrable processor,
[86248] Implementations of the subject matter and the functional operations described
in this specification can be implemented in digital electronic circuitry, or in computer
software, firmmware, or hardware, including the structures disclosed in this specification
and their structural equivalents, or in combinations of one or more of them. Morcover,
subject matier described in this specification can be imaplemented as one or more
computer program products, L.e., one or more modules of computer program instructions
encoded on a computer readable medium for execution by, or to control the operation of,
data processing apparatus. The computer readable medium can be a machine-readable

storage device, a machine-readable storage substrate, 4 memory device, a composition of
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matter affecting a machine-readable propagated signal, or a combination of one or more
of them. The terms “data processing apparatus”, “computing device” and “computing
processor” encompass all apparatus, devices, and machines for processing data, including
by way of example a programamable processor, a computer, or multiple processors or
computers. The apparatus can inchide, in addition to hardware, code that creates an
execution environment for the computer program in question, ¢.g., code that constitutes
processor fitmware, a protocol stack, a database roanagement systern, aun operating
system, or a combination of one or more of them. A propagated signal is an artificially
generated signal, ¢.g., a machine-generated electrical, optical, or electromagnetic signal
that is generated to encode information for transmission to suitable recciver apparatus,
[0024%] A computer prograrm {(also known as an application, program, software,
software application, script, or code) can be written in any form of programming
tanguage, including compiled or interpreted languages, and it can be deploved m any
form, including as a stand-alone program or as a module, component, subroutine, or other
unit suitable for use in a computing environment. A computer program does not
necessarily correspond to a file in a file systern. A program can be stored in a portion of
a file that holds other programs or data (e.g., one or more scripts stored in a markup
fanguage docuruent), o a single file dedicated to the program n question, or in multiple
coordinated files (c.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 coraputer or on
multiple computers that are located at one site or distributed across multiple sites and
mterconnected by a comymunication network.

[B6286f The processes and logic flows described in this specification can be performed
by one or more progranumable processors executing one or more computer programs to
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 as, special
purpoese logic circuiiry, e.g., an FPGA {field prograrroable gate array) or an ASIC
{application specific integrated circuit).

180251}  Processors suitable for the exccution of a computer program include, by way
of example, both general and special purpose microprocessors, and any one or more

processors of any kind of digital computer. Generally, a processor will receive
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instructions and data from a read only memory or a random access memory or both. The
esscutial 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
include, or be operatively coupled to reccive data from or transfer 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. Moreover, a computer
can be erobedded n another device, e.g., a roobile 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 coraputer program jnstructions and
data include all forms of non-volatile memory, media and memory devices, including by
way of example sermiconductor memory devices, ¢.g., EPROM, EEPROM, and flash
memory devices; magnetic disks, ¢.g., internal hard disks or removable disks: magneto
optical disks; and CD ROM and DVD-ROM disks. The processor and the meroory can
be supplemented by, or incorporated in, special purpose logic circuitry.

186252 To provide for interaction with a user, one or more aspects of the disclosure
can be iaplemented on a computer having a display device, e.g., a CRT {cathode ray
tube}, LCD (liguid crystal display) monitor, or touch screen for displaying information to
the user and optionally a keyboard and a pointing device, ¢.g., a roouse or a trackball, by
which the user can provide input to the computer. Other 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 input from the user can be recetved 1 any form, including acoustic,
speech, or tactile input. In 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
exaruple, by sending web pages to a web browser ou a user's client device in response to
requests recetved from the web browser.,

1882531 One or more aspects of the disclosure can be plemented in a computing
system that includes a backend component, e.g., as a data server, or that includes a
middleware component, ¢.g., an application scrver, or that includes a frontend
component, ¢.g., a client computer having a graphical user interface or a Web browser

through which a user can interact with an implerentation of the subject matter described
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in this specification, or any combination of one or more such backend, middleware, or
frontend coraponents. The compounents of the sysiern can be 1nterconnected by any form
or medium of digital data communication, e.g., 8 communtcation network. Hxamples of
communication networks include a local arca network ("LAN) and a wide area network
{(“WAN"), an inter-network {e.g., the Internet), and peer-to-peer networks (e.g., ad hoc
peer-to-peer networks).

[60254] The computing system can mclude clients and servers. A client and server are
generally remote from cach other and typically interact through a communication
network. The relationship of chient and server anises by virtue of computer progrars
running on the respective computers and having a client-server relationship to cach other.
In some implementations, a server transtoits data {e.g., an HTML page) to a client device
{e.g., for purposes of displaying data to and receiving user input from a user interacting
with the client device). Data generated at the client device {e.g., a result of the user
interaction} can be received from the client device at the server.

[80255]  While this specification contains many specifics, these should not be
construed as lumitations 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 featares that ave described 1o this specification in the context of separate
tmpicmentations can also be implemented in combination in a single implementation.
Conversely, various features that are described in the context of a single implementation
can also be implemented in multiple implementations separately or in any suitable sub-
combination. Moreover, although features may be described above as acting in certain
combinations and even initially claimed as such, one or more features from a claimed
combination can in some cases be excised from the combination, and the claimed
combination raay be ditected o a sub-combination or variation of a sub-combination,
[802586]  Similarly, while operations are depicted in the drawings in a particular order,
this should not be understood as requiring that such operations be performed n the
particular order shown or in sequential order, or that all tllustrated operations be
performed, to achieve desirable results. o certain circumstances, multi-tasking and
parallel processing may be advantageouns. Moreover, the separation of various system

componeuts in the ernbodirments described above should not be understood as requiring
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such scparation in all embodiments, and it should be understood that the described
program coraponents and systers can generally be integrated together in a single
software product or packaged into multiple software products.

18625871 A nuraber of implementations have been described. Nevertheless, it will be
understood that various modifications may 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 resulis.
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WHAT IS CLAIMED IS:

1. A method comprising;
receiving blood glucose measurements (BG) of a patient at a data processing device
from a glucometer, the blood glucose measurements (BG) separated by a time interval (Tnext);
receiving patient information at the data processing device;
selecting, using the data processing device, a subcutaneous insulin treatment from a
collection of subcutaneous insulin treatments based on the blood glucose measurements (BG)
and the information, the sclected subcutaneous insulin treatment includes one or more of a
subcutaneous standard program, a subcutaneous program without meal boluses, a meal-by-
meal subcutaneous program without carbohydrate counting, a meal-by-meal subcutaneous
program with carbohydrate counting, and a subcutaneous program for non-diabetic patients,
the subcutaneous standard program comprising:
determining a blood glucose type (BGrype) of the received blood glucose
measurement (BG) using the data processing device, the blood glucose type (BGrype)
associated with a time of measuring the received blood glucose measurement (BG); and
determining a correction insulin dose (CB) based on the blood glucose type
(BGmype) using the data processing device by calculating:
CBx = (BGx — BGrarget)/CF;
wherein CBx is the correction dose based on blood glucose type X, BGx is the
blood glucose measurement, BGrarget 1 a target blood glucose value of a patient, and CF is a
correction factor; and
executing, using the data processing device, the selected subcutaneous insulin

treatment.

2. The method of claim 1, further comprising:
determining a pre-meal correction bolus (CB) using the data processing device by
calculating:
CB = (BG — BGrarget) / CF;
wherein CB is the pre-meal correction bolus, BG is the blood glucose measurement,

and BGrrarget 15 a target blood glucose of the patient.

3. The method of claim 1, further comprising:
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receiving, at the data processing device, a governing blood glucose value (BGgov); and
determining, using the data processing device, an adjustment factor (AF) based on the

received governing blood glucose value (BGgov).

4. The method of claim 3, wherein determining the adjustment factor (AF) comprises:
determining when the governing blood glucose value (BGgov) is within a threshold
range of values; and
setting the adjustment factor (AF) to a preconfigured adjustment factor (AF)

associated with the threshold range of values.

5. The method of claim 3, wherein determining the adjustment factor (AF) comprises:
determining the governing blood glucose value (BGgov) is within one of multiple pre-
configured ranges of values; and
setting the adjustment factor (AF) to a preconfigured adjustment factor (AF)
associated with the pre-configured range of values that includes the governing blood glucose

value (BGgov).

6. The method of claim 5, further comprising determining, using the data processing
device, a Carbohydrate-to-Insulin Ratio (CIR) based on the adjustment factor (AF) by
calculating:

CIR = (CIRprevious) / AF;

wherein CIR is the Carbohydrate-to-Insulin Ratio, CIRprevious 1S @ previously

determined Carbohydrate-to-Insulin Ratio, and AF is the adjustment factor (AF).

7. The method of claim 1, wherein the blood glucose type (BGrype) associated with the
time of measuring the received blood glucose measurement (BG) is selected from the group
consisting of: a pre-breakfast blood glucose measurement (BGgreakfast), 2 pre-lunch blood
glucose measurement (BGruncn), a pre-dinner blood glucose measurement (BGpinner), a
bedtime blood glucose measurement (BGgedtime), @ midsleep blood glucose measurement

(BGuwidsieep) and a miscellaneous blood glucose measurement (BGuwisc).

8. The method of claim 1, further comprising;:
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determining, using the data processing device, if a breakfast blood glucose
measurement (BGgreakfast) has been received at the data processing device from the
glucometer; and
when the breakfast blood glucose measurement (BGgreakrast) has been received:
selecting, using the data processing device, a governing blood glucose (BGgov)
as a lesser one of a previous midsleep blood glucose measurement (BGwidsieep) OF the
breakfast blood glucose measurement (BGgreakfast);
determining, using the data processing device, an adjustment factor(AF) for
adjusting a current day’s recommended basal dose (RecBasal) based on the selected
governing blood glucose measurement (BGwidsleep, BGBreakfast);
retrieving, by the data processing device, a previous day’s bed time
recommended basal dose (RecBasalpreviasy); and
determining, by the data processing device, the current day’s recommended
basal dose (RecBasal) by multiplying the adjustment factor (AF) times the previous day’s bed
time recommended basal dose (RecBasalpreviasy), the current day’s recommended basal dose
(RecBasal) corresponding to an insulin dose of long-acting insulin to be administered to the

patient at a configurable frequency of one, two, or three times per day.

9. The method of claim 8, further comprising, when the breakfast blood glucose
measurement (BGpreafast) has not been received:

blocking, using the data processing device, a basal dose recommendation (RecBasal);
and

transmitting a warning from the data processing device to a display in communication
with the data processing device, the warning indicating the blocked basal dose

recommendation (RecBasal).

10. The method of claim 1, further comprising:

receiving, at the data processing device, a breakfast blood glucose measurement
(BGBreakfast) from the glucometer;

selecting, using the data processing device, a governing blood glucose (BGgov) as one
of a previous midsleep blood glucose measurement (BGmigsieep) and the received breaktast

blood glucose measurement (BGgreakfast);
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determining, using the data processing device, an adjustment factor (AF) for adjusting
a current day’s recommended basal dose (RecBasal)based on the selected governing blood
glucose measurement (BGwidsieep, BGBreakfast);

retrieving, by the data processing device, a previous day’s bed time recommended
basal dose (RecBasalpreviasy); and

determining, by the data processing device, the current day’s recommended basal
dose (RecBasal) by multiplying the adjustment factor (AF) times the previous day’s bed time
recommended basal dose (RecBasalprev(iast)), the current day’s recommended basal dose
(RecBasal) corresponding to an insulin dose of long-acting insulin to be administered to the
patient at a configurable frequency of one, two, or three times per day;

wherein the governing blood glucose (BGgov) 1s selected as the previous midsleep
blood glucose measurement (BGumidasieep) When the previous midsleep blood glucose
measurement (BGuidsieep) 18 less than the breakfast blood glucose measurement (BGgreakfast );
and

wherein the governing blood glucose (BGaov) is selected as the breakfast blood
glucose measurement (BGgreafast) When the breakfast blood glucose measurement (BGgreakfast)
is less than the previous midsleep blood glucose measurement (BGuidsieep) unless the previous
midsleep blood glucose measurement (BGmidsieep) Was accompanied by a correction insulin
dose (CB) exceeding three units of insulin, and an elapsed time between the correction
insulin dose (CB) and the breakfast blood glucose measurement (BGgov) is less than three

hours.

11. The method of claim 1, further comprising, when the determined blood glucose type
(BGrype) is one of a breakfast blood glucose measurement (BGgreaksast), @ lunch blood glucose
measurement (BGrunch), or a dinner blood glucose measurement (BGnpinner):

after a subsequent blood glucose measurement (BG) associated with a subsequent
blood glucose type (BGrype) 1s received, determining, using the data processing device, an
adjustment factor (AF) for adjusting a next day’s recommended meal bolus (RecMealBol) at
a time of day associated with the determined blood glucose type (BGrype) based upon the
subsequent blood glucose measurement (BG); and

determining, by the data processing device, the next day’s recommended meal bolus
(RecMealBol) at the time of day associated with the determined blood glucose type (BGrype)
by multiplying the current day’s recommended meal bolus (RecMealBol) associated with the

determined blood glucose type (BGrype) times the adjustment factor (AF).

96



2015211382 21 Jan 2019

12. The method of claim 1, wherein the subcutaneous program for non-diabetic patients
comprises:
for each blood glucose measurement (BG) received by the data processing device

from the glucometer that is less than or equal to a threshold value (La):

determining, using the data processing device, new currently-recommended
insulin doses by multiplying all currently-recommended insulin doses by a dose reduction
factor comprising a value less than one; and

recalculating, using the data processing device, a total daily dose (TDD) of

insulin as a sum of all the new currently-recommended insulin doses.

13. The method of claim 1, wherein the subcutaneous meal-by-meal without carb-
counting program comprises:

determining, using the data processing device, a recommended meal bolus
(RecMealBol) for use throughout the day; and

for each meal, adjusting the meal bolus (RecMealBol), using the data processing
device, by multiplying an immediately previous recommended meal bolus times
(RecMealBolyrev) an adjustment factor (AF) governed by a blood glucose measurement (BG)
received after an immediately previous meal associated with the immediately previous

recommended meal bolus (RecMealBolprey).

14. The method of claim 1, wherein the subcutaneous meal-by-meal with carb-counting
program comprises:

determining, using the data processing device, a carbohydrate-insulin ratio (CIR) for
use throughout the day; and

for each meal, adjusting the carbohydrate-insulin ratio (CIR), using the data
processing device, by dividing an immediately previous carbohydrate-insulin ratio
(CIRprevious) associated with an immediately previous meal by an adjustment factor(AF)
governed by a blood glucose measurement (BG) received after the immediately previous

meal.

15.  The method of claim 1, further comprising transmitting the selected subcutaneous
insulin treatment to an administration device in communication with the data processing

device, the administration device comprising:
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a doser; and

an administration computing device in communication with the doser, the
administration computing device, when executing the selected subcutaneous insulin
treatment, causing the doser to administer insulin specified by the selected subcutaneous

insulin treatment.

16. A system comprising:
a glucometer measuring blood glucose measurements (BG) separated by a time
interval (Tnex); and
a dosing controller in communication with the glucometer, the dosing controller
including a data processing device and non-transitory memory in communication with the
data processing device, the dosing controller:
receiving blood glucose measurements (BG) of a patient from the glucometer;
receiving patient information; and
selecting a subcutaneous insulin treatment from a collection of subcutaneous
insulin treatments based on the blood glucose measurements (BG) and the patient
information, the selected subcutaneous insulin treatment includes one or more of a
subcutaneous standard program, a subcutaneous program without meal boluses, a meal-by-
meal subcutaneous program without carbohydrate counting, a meal-by-meal subcutaneous
program with carbohydrate counting, and a subcutaneous program for non-diabetic patients,
wherein during the standard subcutaneous program, the dosing controller:
determines a blood glucose type (BGrype) of the received blood
glucose measurement (BG), the blood glucose type (BGrype) associated with a time of
measuring the received blood glucose measurement (BG); and
determines a correction insulin dose (CB) based on the blood
glucose type (BGrype) by calculating:
CBx = (BGx — BGrarget)/CF;
wherein CBy is the correction dose based on blood glucose type X,
BGx is the blood glucose measurement, BGrarger 18 a target blood glucose value of a patient,
and CF is a correction factor; and

executing the selected subcutaneous insulin treatment.

17. The system of claim 16, wherein the dosing controller determines a pre-meal

correction bolus (CB) by calculating:
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CB= (BG - BGTarget) / CF
wherein BG is the blood glucose measurement, and BGrarge: 1S a target blood glucose

of the patient.

18. The system of claim 16, wherein the dosing controller:
receives a governing blood glucose value (BGgov); and
determines an adjustment factor (AF) based on the received governing blood glucose

value (BGgov).

19. The system of claim 16, wherein the dosing controller:

receives a governing blood glucose value (BGgov);

determines the governing blood glucose value (BGgov) is within a threshold range of
values; and

sets an adjustment factor (AF) to a preconfigured adjustment factor(AF) based on the

threshold range of values.

20. The system of claim 16, wherein the dosing controller:

receives a governing blood glucose value (BGgov);

determines the governing blood glucose value (BGgov) is within one of multiple pre-
configured ranges of values; and

sets an adjustment factor(AF) to a pre-configured adjustment factor(AF) associated
with the pre-configured range of values that includes the governing blood glucose value

(BGgov).

21. The system of claim 20 wherein the dosing controller determines a Carbohydrate-
to-Insulin Ratio (CIR) based on the adjustment factor(AF) by calculating:

CIR = (CIRprevious) / AF;

wherein CIR is the Carbohydrate-to-Insulin Ratio, CIRprevious 1S @ previously

determined Carbohydrate-to-Insulin Ratio, and AF is the adjustment factor (AF).

22, The system of claim 16, wherein the blood glucose type (BGrype) associated with the
time of measuring the received blood glucose measurement (BG) is selected from the group
consisting of: a pre-breakfast blood glucose measurement (BGsreakfast), @ pre-lunch blood

glucose measurement (BGruncn), a pre-dinner blood glucose measurement (BGpinner), a
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bedtime blood glucose measurement (BGgediime), and a midsleep blood glucose measurement
(BGuwidsieep), Wherein the midsleep, pre-breakfast, pre-lunch, pre-dinner, and bedtime blood

glucose measurements (BG) are scheduled in a daily repetitive rotational order.

23. The system of claim 16, wherein the dosing controller:
determines if a pre-breakfast blood glucose measurement (BGgreaxfast) has been
received at the data processing device from the glucometer; and
when the pre-breakfast blood glucose measurement (BGgreakfast) has been received:
selects a governing blood glucose (BGgov) as a lesser one of a previous
midsleep blood glucose measurement (BGmidsieep) O the pre-breakfast blood glucose
measurement (BGpreakfast );
determines an adjustment factor(AF) for adjusting a current day’s
recommended basal dose (RecBasal) based on the selected governing blood glucose
measurement (BGuidsicep, BGBreakfast);
retrieves a previous day’s bed time recommended basal dose
(RecBasalpreviasy); and
determines the current day’s recommended basal dose (RecBasal) by
multiplying the adjustment factor(AF) times the previous day’s bed time recommended basal
dose (RecBasalprev(iasy ), the current day’s recommended basal dose (RecBasal) corresponding
to an insulin dose of long-acting insulin to be administered to the patient at a configurable

frequency of one, two, or three times per day.

24. The system of claim 23, wherein the dosing controller, when the pre-breakfast blood
glucose measurement (BGsreakfast) has not been received:

blocks a basal dose recommendation (RecBasal); and

transmits a warning from the data processing device to a display in communication
with the dosing controller, the warning indicating the pre-breakfast blood glucose
measurement (BGgreakfast) has not been received and the blocked basal dose recommendation

(RecBasal).

25. The system of claim 16, wherein the dosing controller:

receives a pre-breakfast blood glucose measurement (BGgreakfast) from the glucometer;
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selects a governing blood glucose (BGgov) as one of a previous midsleep blood
glucose measurement (BGwidsleep) and the received pre-breakfast blood glucose measurement
(BGBreakfast);

determines an adjustment factor(AF) for adjusting a current day’s recommended basal
dose (RecBasal) based on the selected governing blood glucose measurement (BGwidsleep,
BGBreakfast);

retrieves a previous day’s bed time recommended basal dose (RecBasalyrev(iasy); and

determines the current day’s recommended basal dose (RecBasal) by multiplying the
adjustment factor (AF) times the previous day’s bed time recommended basal dose
(RecBasalprev(iasy), the current day’s recommended basal dose (RecBasal) corresponding to an
insulin dose of long-acting insulin to be administered to the patient at a configurable
frequency of one, two, or three times per day;

wherein the governing blood glucose (BGgov) is selected as the previous midsleep
blood glucose measurement (BGumidsieep) When the previous midsleep blood glucose
measurement (BGuidsieep) 18 less than the pre-breakfast blood glucose measurement
(BGBreakfast); and

wherein the governing blood glucose (BGgov) is selected as the pre-breakfast blood
glucose measurement (BGgreafast) When the breakfast blood glucose measurement (BGgreakfast)
is less than the previous midsleep blood glucose measurement (BGuidsieep) unless the previous
midsleep blood glucose measurement (BGumidsieep) Was accompanied by a correction insulin
dose (CB) exceeding three units of insulin, and an elapsed time between the correction
insulin dose (CB) and the pre-breakfast blood glucose measurement (BGgov) is less than three

hours.

26.  The system of claim 16, wherein the dosing controller, when the determined blood
glucose type (BGrype) is one of a pre-breakfast blood glucose measurement (BGgreakfast), a
pre-lunch blood glucose measurement (BGrunch), or a pre-dinner blood glucose measurement
(BGpinner):

after a subsequent blood glucose measurement (BG) associated with a subsequent
blood glucose type (BGrype) 1s received, determines an adjustment factor (AF) for adjusting a
next day’s recommended meal bolus (RecMealBol) at a time of day associated with the
determined blood glucose type (BGrype) based upon the subsequent blood glucose

measurement (BG); and
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determines the next day’s recommended meal bolus (RecMealBol) at the time of day
associated with the determined blood glucose type (BGrype) by multiplying the current day’s
recommended meal bolus (RecMealBol) associated with the determined blood glucose type

(BGrype) times the adjustment factor (AF).

27. The system of claim 16, wherein during the subcutaneous program for non-diabetic
patients, the dosing controller:
for each blood glucose measurement (BG) received by the dosing controller from the

glucometer that is less than or equal to a threshold value (La):

determines new currently-recommended insulin doses by multiplying all
currently-recommended insulin doses by a dose reduction factor comprising a value less than
one; and

recalculates a total daily dose (TDD) of insulin as a sum of all the new

currently-recommended insulin doses.

28. The system of claim 16, wherein during the subcutaneous meal-by-meal without carb-
counting program, the dosing controller:
determines a recommended meal bolus (RecMealBol) for use throughout the day; and
for each meal, adjusts the meal bolus (RecMealBol) by multiplying an immediately
previous recommended meal bolus times an adjustment factor (AF) governed by a blood
glucose measurement (BG) received after an immediately previous meal associated with the

immediately previous recommended meal bolus (RecMealBolprev).

29. The system of claim 16, wherein during the subcutaneous meal-by-meal with carb-
counting program, the dosing controller:

determines a carbohydrate-insulin ratio (CIR) for use throughout the day;

for each meal, adjusts the carbohydrate-insulin ratio (CIR) by dividing an
immediately previous carbohydrate-insulin ratio (CIRprevious) associated with an immediately
previous meal by an adjustment factor(AF) governed by a blood glucose measurement (BG)
received after the immediately previous meal;

for an amount of carbohydrates associated with each meal, determines a
recommended meal bolus (RecMealBol) for each meal by dividing the associated amount of

carbohydrates by the associated adjusted carbohydrate-insulin ratio (CIR).
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30. The system of claim 16, wherein the dosing controller transmits the selected
subcutaneous insulin treatment to an administration device in communication with the dosing
controller, the administration device comprising;:

a doser; and

an administration computing device in communication with the doser, the
administration computing device, when executing the selected subcutaneous insulin
treatment, causing the doser to administer insulin specified by the selected subcutaneous

insulin treatment.
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New Patient Information

i
; Mame: | John Doe {
! Height: §5'8” ;
g Weight:  §210 i 208
a
| Dateof Birth: | 4/10/1938 V 116,148
; Diabetes History
| Age: 175
!
!
i
i

{ v Y suwa )

{
!
Cther: i
!
{
!
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Current Patients List
Patient Name Patient ID] Room
;Adkins, Frankie 704563 | 502 EL,,» - 208a
Anderson, Mike 705648 504
Arton, Mike 712546 302 -~ 116,146
209
Briggs, George 702589 308
Brown, Dan 701112 506
Brown, Paul 709885 444
Burchiield, John 712544 412
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FPatient Details gntravenous)
F™ Name’ JohnDos  F Room: 302{(ER) L/’”"“ 208a
Patient 1D 7045162 _Date of ity 4/10/1938 _
Hlast BG: 152 moydl (Jones. Sue) m;
230 i Last Insulin Rate: 5.4 units/hr fop e e =
s ! . AT ) ; i MNext BG Duer |
2303 Target Range: 90-120 ma/dl ; u
|| Next BG Due: 7/21/2013.2015:16 | E BGDUE! | | - 430
i mmmmmmmmmmmmm et j Sooommmommmmooomocomoocommeonet E
Fia Minutes | ate) ;
(S Minutes Late) 432
g |
i Alarm Off f et 434
b e oo e o i
. . 116,146
Fatient Detalls {Subcutanaous)
F™ Name: JohnDoe ~ Room: a02(ER) L/m 2083
Patient ID: 7045162 Date of Bith: 4/10/1938
HWpasal nsulin: Lantus |
g insulin Typs: Novolog : E"" ;\!" “';é‘"@“{;""_"“;
230””\J Last BG: 151 mg/di {Jones, Sue) P - i b 430
2300 1§ BG Type: Dinner | 1} Pre-Lunch ;
1§ Basal Dose: 15 units {1 dose per day) | | ;
| NextMea Dose Sunits e
E"" ““““““ 1
i1 Alarm On é‘*m""’m 434
b e e ;
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intravenous: BG Entry

118,148

— 2088

Enter BG Value:

Re-~-Enter BG Value: mg/dl

Is this a pre-meal BG?

Meal Plan-Number of
Carbs Per Meal:

{ Cancel j {Cantinue]

Caution: Fhysician order required

FIG. 4D

Patient Details (Intravenous) 116,146
[~ Name” JofnDos ~ " Room 3RER T - 2084
lPationt 1D 7045162 Date of Biny 47107938 "

o oo oo oo oo oo oo s moex oo oo oo o ooon oo oy

Current Insulin Last BG

1.2 119

Units/hr mg/di

Target Range insulin
Concentration

90-120 90120

mg/di mg/di

430

436
438
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Intravenous Meal bolus: Meal Check | 15146

F™ Name! dohnDoe ~ ~ F Room: 302(ER) | — 508a
lpatint ID:_ 7045162 __Date of it 41101938 L—"|

{ Cancel ) ECom‘inue}

FIG. 5C

116,148
intravenous Meal bolus: Mea! Check I
[~ Roms b Bos — — o A TER ! 508
IPationt ID; 7045162 __Dateof By artgigzs_ L—"|

Did the Patient Eat?

Yes O No

How much did the Patient eat?
(O 25% of Meal () 50% of Meal
(O 75% of Meal () 100% of Meal

Q Actual Number of Carbs:

i Cancel } EContinue}

FlG. 5D
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Transition Guidance 116,146
F™ Neme: JohnDee  Room: 302(ER) ! —— 208a
lPatient D 7045162 __Dateor it 410/1938  L—" |

Transition Patient to SubQ
Warning:
The BG of the patient has not been in the Target Range for

the required 2.5 hours.

Are you sure you want fo continue?

E Cancel } [ Yes }

Caution: Physician order required

FIG. 6C

Y Lo116,148
Fost-Transition Flan ~
™ Rame: TofnBos ~ ™ ™ ™ Room: B3RERT — 2084
lPationt 10 7045162 __Date of Bt 4/10/1938 "
After SubQ Transition:

Q Continue patient on Glucommander SubQ

Q Discontinue patient from Glucommander

{ Cancel } { Save ]

Caulion: Physician order reguired

FIG. 6D
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Transition Dosing Plan 116,146
[ Rame” Johnios — ™ "Room: Bl2ER T - 208a
JPatient 1D 7045162 Date of Birthy  4/16/1938 L/

After SubQ Transition:
(3 Continue patient on SubQ

{0 Discontinue

%:g:ﬁat Basal/Bolus + Correction | ¥

Diabetes: Yesi § Basal Insulin Lanlus | ¥

Basal % of o Daily Basal

™o S0% ¥ Mistribution: 1 Dose Per Day
o

?ggfq % of 5(1%: F Basal Time: 100:00 | ¥

Bolus insulin:} Novolog | F { Cancel E { Save ]

Caution: Physician order required

Transition: Start Basal 116,146
F™ Name: JohnDoe  Room 302 (ERy . 1 L 2082
‘Patient ID:_7045162 Date of Birth:  4/10/1938 L

Transition Patient to SubQ
Inject Patient With:
5 Units of Lantus
Modify Dose

Give Now Q

Give Later Q

WARNING:

Do Not D/C insulin, System will promgt for hourly
blood glucose checks. .

g Cancel } [ Save }

Caution: Physician order required

FIG. 6F
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Transition Patient to SUBQ 116,146
F™ Name: JohnDoe  Roomt 302 (ERy | —— 2088
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Transition Patient to SubQ
Discontinue 1V Insulin O

WARNING:

Patient is stable. Discontinue 1V insulin {0 prevent
hypogiycenia.

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

i Cancel }{ Save }

Caution: Physician order required

FIG. 6G
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New Sub(l Patient,
208a Transitioned from IV 116,148
T Name: JohnDoe T T T Room: 3027ERY 1 Diabetes:
| Patient ID; 7045162 Date of Birth: 4/10/1938 '[VesT v |

This patient has been Transitioned from Glucommander IV
O Continue patient on Glucommander SubQ
O Discontinue patient.

Ordersst
Type:

| Basal/Bolus + Correction ¥ |

Bolus Insulin:
Meal Bolus

Basal % of o

f
i
i
; !
% of TOD- g TOD: i - §
617 Daitv Moz Daily Basal
aily Meal Bolus any wasal FrNiee Per Dayl w1 |
\]; Distribution: A Distribution: E kA i
; Breakfast Bolus:|{ g |units Basal Dose: E
Lunch Bolus:
; HER Bots Basal Timea: i
; Dinner Bolus: i
{  § Caution: Physician order required {_Cancei } { Save | E
b o e n o e e oon o e oo coon o e e oo o e e oo o e e o e e e e
New Subll Palient,
208z | Custom Start 116,146
T Name” JofnBee T T T T T Room: a2 (ER) | Diabetes:
| PatientID: 7045162 _Date of Birihy 41011038 | [Vei] 9]
Custom start of patient on Glucommander SubQ:
: ?;g:rsei ; Basal/Bolus + Correction ¥ E
; Bolus Insulin:
| Meal Bolus Basal % of
{1 %of TDD: ol IO
| Daily Meal Bolus Daily Basal
617 | Distribution: Distribution:
Breakfast Bolus: § : Basal Dose:
; Lunch Bolus: |
i Dinner Bolus:
: Caution: Physician order required
i
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SubQ Patient,
Weight-based Start 116,146
T Reme ToimBee T T T T Room: a0z (ER) | Diabetes:
| Patient ID; 7045162 _Date of Bith. 4/10/1938 | [Ve5] v
Waight-Based start: Weight{kg) —

Orderset
Type:
Bolus insulin:

| Basal/Bolus + Correction ¥ | TDDi

B IEITN 1]
asal % of g
™D ’ m

Meal Bolus
% of TDD: ‘ : Daily Basal
Daily Meal Bolus any masa : Py
Distribution: Distribution: E §Dose ber Ddyi VE
E':‘sreakfdsi Bolus: “ units Basal Dosa:
tunch Bolus: | :

Dinner Bolus: | A
Caution: Physician order required g Cancel } { Save }
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