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(57) Abstract: A method of administering insulin includes receiving blood glucose measurements (BG) of a patient (10) at a data
processing device (112) from a glucometer (124). Each blood glucose measurement (BG) is separated by a time interval (T nex) and
includes a blood glucose time ( BG-time) associated with a time of measuring the blood glucose measurement. The method also in-
cludes receiving patient information (208a) at the data processing device and selecting a subcutaneous insulin treatment program for
tube-fed patients (1000) from a collection of subcutaneous insulin treatments (900, 1000, 1100, 1200, 1300, 1400). The selection is
based on the blood glucose measurements and the patient information. The subcutaneous insulin treatment program for tube-fed pa-
tients determines recommended insulin doses based on the blood glucose times. The method also includes executing, using the data
processing device, the selected subcutaneous insulin treatment program for tube-fed patients (1000).
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INSULIN MANAGEMENT

TECHNICAL FIELD
(G001} This disclosure relates to a system for managing insulin administration or

msulin dosing.

BACKGROUND
100621 Today, nearly 40% of patients adrnitted to acute care hospitals in the Untied
States experience either hyperglycemia or hypoglycemia, both serious medical
conditions. Many of these patients have diabetes while others have fluctuating blood
sugars due to trauma, drug reactions, stress and other factors. Nurses and doctors
managing these patients manually calculate insulin doses using complex 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 nurses and physicians have to manage, which in turn leads to
workflow mefficiencies, additional operating costs, and employee satisfaction issues.
SCIP (Surgical Care Improvement Project) scores, length of stay, readmission and even
mortality rates adversely affect sub-optirnal glycemic management.
4004} 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
involve a tree of conditional statements and some use of tables of numbers, for which a
given blood glucose value dictates the use of a different column of insulin rates. The
complextty of these paper protocols multiplies the probability of ervor by the nurses using

them. These errors can lead to hypoglycemic events.

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

interval and include a blood glucose tivae associated with a timne of measuring the blood
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ghicose measurement. The method also includes receiving patient information at the data
processing device. The method includes selecting, using the data processing device, a
subcutaneous insulin treatment progranm for tube-fed patients from a collection of
subcutancous insulin treatments, The sclection is based on the blood glucose
measurements and the patient information. The subcutaneous insulin treatment program
for tube-fed patients determines the recommended insulin doses based on the blood
ghacose times. The method also includes executing, using the data processing device, the
selected subcutancous insulin treatment for tube-fed patients.

8366} fraplementations of the disclosure may include oue or roore of the following
optional features. In some tmplementations, the method inchudes: receiving, at the data
processing device, a configurable constant; storing the configurable constant in non-
transitory memory associated with the data processing device; and determining a
correction tactor using the data processing device, The configurable constant may be
determined from a published statistical correlation. The method may also include
determining a pre-meal correction bolus, using the data processing device. The method
may include determiining, using the data processing device, a post-prandial correction
belus. The method may also include receiving, at the data processing device, a half-life
value of the rapid-acting wsulin; and determining, using the data processing device, the
mean lifetime of the rapid-acting insulin.

(6867} In some implementations, the method includes receiving, at the data
processing device, a governing blood ghicose value, and determining, using the data
processing device, an adjustraent factor based on the received governing blood glucose
value. Determining the adjustment factor may include determining when the governing
blood glucose value is within a pre-configured range of values, and setting the adiustment
factor to a preconfigured adjustrent factor associated with the pre-configured range of
values. Determining the adjustment factor may further include determining the
governing blood glucose value is within ove of multiple pre-configured ranges of values
and setting the adjustment factor to a pre-configured adjustment factor associated with
the pre-configured range of values that includes the governing blood glucose value. In
some fmplementations, the method includes determining, using the data processing

device, a Carbohydrate-to-Insulin Ratio based on the adjustment factor,

P
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[ 60681 The subcutancous insulin treatment program for tube-fed patients includes
receiving, at the processing device, a blood glucose time associated with a tivae of
measuring of the blood glucose measurement and determining, using the data processing
device, if the blood glucose time 1s within 4 pre-configured time interval. The racthod
further includes setting a timer for a next blood glucose measurement based on the pre-
configured time interval and determining, using the data processing device, 4 correction
insulin does based ou the blood glucose time. In some implementations, the pre-
configured time interval inchudes one of six pre-configured time intervals cach spaced
four hours apart from the next beginning at 00:00, ot one of four pre-configured tivoe
intervals each spaced six hours apart from the next beginning at 0000,

16069 In some examples, the racthod includes, when the blood glucose time 1s within
a first one of four pre~configured time intervals each spaced six hours apart from the
next: setting, using the data processing device, the blood glucose measurement 4s a
governing blood glucose vahie; determining, using the data processing device, an
adjustment factor for adjusting a value of recommended equal-boluses based on the
govermng blood glucose valae; and retrieving, using the data processing device, a
previous day’s value of recommended equal-boluses. The method further includes
determining, using the data processing device, a new value of recormmended equal-
boluses by multiplying the adjustment factor tirnes the previous day's value of
recormracnded equal-boluses. The new value of recommuended equal-boluses corresponds
to an insulin dose of rapid-acting insulin or regular insulin to be administered to the
patient at scheduled blood glucose measurements.

183161 In some implementations, the method inchades, when the blood glucose is
within a second one of four pre-configured time intervals cach spaced six hours apart
from the next: setting, using the data processing device, the blood glucose measurement
as a governing biood ghicose value; determining, using the data processing device, an
adjustment factor for adjusting a current day’s recommended basal dose based on the
governing blood glucose value ; and retrieving, using the data processing device, a
previgus day’s recormnmended basal dose. The method further includes determining, using
the data processing device, the current day’s recommended basal dose by multiplying the

adjustrment factor times the previous day’s recoramended basal dose. The current day’s
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recommended basal dose corresponds to an insulin does of long-acting insulin to be
administered to the patient at a configurable frequency of one, two, or three times per
day.

(6611} When the blood glucose time 1s within a third of one of six pre-contigured
time intervals each spaced four hours apart from the next, the method includes: setting,
using the data processing device, the blood glucose measurement as a governing blood
ghacose value; determining, using the data processing device, an adjustment factor for
adjusting a current day’s recommended basal dose based on the governing biood ghucose
value; and retrieving, using the data processing device, a previous day’s recommended
basal dose. The method further includes determining, using the data processing device,
the current day’s recommended basal dosc by multiplying the adjustment factor times the
previous day’s recommended basal dose. The current day’s recommended basal dose
corresponds to an insulin dose of long-acting msulin to be administered to the patient at a
configurable frequency of one, two, or three times per day.

18012 in some examples, the method further includes transmitting the subcutancous
insulin treatruent program for tube-fed patients to an administration device in
communication with the data processing device. The administration device includes a
doser and an administration computing device i comrounication with the doser. The
administration computing device, when executing the subcutancous insulin treatment
program for tube-fod patients, causcs the doser to admunister the recommended doses of
insulin determined by the subcutancous insulin treatment program for tube-fed patients.
The administration device inchudes at lcast one of an insulin injection pen or an msulin
pump.

183131 Another aspect of the disclosure provides a system for administering insulin,
The systern inchudes a ghucometer measuring blood glucose of a patient at separate time
interval and a dosing controller in communication with the glucometer. The dosing
controller inchudes a data processing device and non-transttory mewory in
communication with the data processing device. The dosing controller receives blood
glucose racasurernents of a patient from the glucometer, receives patient inforration,
selects a subcutaneous insulin treatment from a collection of subcutaneous insulin

treatrnents based on the blood glucose measurements and the patient information, and
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executes the selected subcutaneous insulin treatment. Each blood glucose measurement
is separated by a time interval and includes a blood glucose time associated with a time of
measuring the blood ghicose measurement.

10614} The dosing controller may further determine a pre-meal correction bolus and
determine a post-prandial correction belus. In some implementations, the dosing
controller receives g half-life value of the rapid-acting nsulin {c.g., from an external
computing device or manually entered via a user interface) and determines the mean
lifetime of the rapid-acting insulin,

18015} In some examples, the dosing controller recetves a governing blood glucose
value {e.g., from an external computing device or manually entered via a user interface)
and determines an adjustment factor based on the received governing blood glucose
value. The dosing controller may further determine the adjustment factor by determining
when the governing blood glucose value is within a pre-configured range of values and
set the adjustiment factor to a pre-configured adjpustment factor associated with the pre-
configured range of values that includes the governing blood glucose value. The dosing
controller further determines a carbohydrate-to-insulin ratio based on the adjustment
factor.

18816} In some implementations, during the subcutancous insulin treatment program
for tube-fed patients, the dosing controller receives a blood glucose time associated with
a time of measuring the blood glucose measurement and determines if the blood glucose
time is within a pre-configured time interval. The dosing controlier further sets a time for
a next blood glucose measurement based on the pre-configured time interval and
determines a correction insulin dose based on the blood glucose type. The pre-configured
time interval inchudes one of six pre-configured time intervals cach spaced four hours
apart from the next beginning at 00:00 or one of four pre-configured time ntervals cach
spaced six hours apart from the next beginning at 00:00.

18617} In some examples, when the blood glacose time is within a first one of four
pre-configured time intervals each spaced six hours apart from the next, the dosing
controller scts the blood glucose measurement as a governing blood glucose value and
determines an adjustment factor for adjusting a value of recommended equal-boluses

based on the governing blood glucose value. The dosing controller further retricves a
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previgus day’s value of recommended equal-boluses and determines a new value of
recorarnended equal-boluses by multiplying the adjustroent factor times the previous
day’s value of recommended equal-boluses. The new value of recommended equal-
boluses corresponds to an insulin dose of rapid-acting msulin or regular insulin to be
administered to the patient at scheduled blood glucose measurements.

16618] When the blood glucose time 1s within a second one of six pre-configured
time intervals cach spaced four hours apart from the next, the dosing controller sets the
blood glucose measurement as a governing blood glucose value. The dosing controlier
further deterroines an adjustment factor for adjusting a valoe of recommended equal-
bolases based on the governing blood glucose value, retrieves a previous day’s value of
recormracnded equal-boluses and determines a new value of recommended cqual-boluses
by multiplying the adjustment factor times the previcous day’s value of recommended
cqual-boluses. The new value of recormmended cqual-boluses corresponds to an insulin
dose of rapid-acting insulin or regular insulin to be administered to the patient at
scheduled blood glicose measurements. When the blood glucose time 15 within a second
one of six pre-configured time intervals each spaced four hours apart from the next, the
dosing controller sets the blood glucose measurement as a governing blood glucose value
and deterroines an adjustroent factor for adjusting a current day’s recommended basal
dose based on the governing blood glucose value. The dosing controlier further retrieves
a previous day’s recommended basal dose and determines the current day’s
recommended basal dose by multiplying the adjustment factor times the previous day’s
recommended basal dose. The current day’s recommended basal dose 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.

[6G19] When the blood ghicose time is within a second one of six pre-configured
time intervals cach spaced four hours apart from the next, the dosing controller sets the
blood glucose measurement as a governing blood glucose value and determines an
adjustment factor for adjusting a current day’s recommended basal dose based on the
governing blood glucose value. The dosing controlier further retrieves a previous day’s
recommended basal dose and determines the current day’s recommended basal dose by

multiplying the adjustment factor times the previous day’s recommmended basal dose. The
ying ] ] 3
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current day’s recommended basal dose corresponds to an insulin dose of long-acting
insulin to be administered to the pationt at a configurable frequency of oue, two, or three
times per day.

6626} The dosing controller transmits the subcutancous insulin treatrent program
for tube-fed patients to an administration device in communication with the dosing
controller. The administration device includes a doser and an administration computing
device in communication with the doser. The administration device, when executing the
selected subcutancous insulin treatment, causes the doser to administer the recommended
doses of jusalin determived by the subcutaneous insulin treatment program for tube-fed
patients. The administration device includes at least one of an insulin injection pen or an
mnsulin pump.

(66213 The details of one or more imaplementations of the disclosure are set forth in
the accompanying drawings and the description below. Gther aspects, features, and

advantages will be apparent from the description and drawings, and from the claims.

DESCRIPTION OF DRAWINGS
13022} FIG. 1A is a schematic view of an exemplary system for monitoring blood
ghacose level of a patient.
[6023] FIG. 1B is a schematic view of an exemplary system for monttoring blood
glucose level of a patient.
18624] F1G. 1C 18 a schematic view of an exemplary admindstration device in
communication with a dosing controiler.
[6625] FIG. 2A 18 a schematic view of an exemplary process for monitoring the blood
glucose level of a patient.
[8626] FI1G. 2B is a schematic view of an exemplary display for inputting patient
information.
(8627} FIG. 2C 15 a schematic view of an excraplary display tor sclecting a patient
from a list of patients.
(6628} FI1G. 3 18 a schematic view of an exemplary dose calculation process of FIG.

2A.

~J
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[ 80294 FiG. 4A 18 a schematic view of an exemplary calculation of the intravenous
time foterval of FIG. 2A.

[6638] FIGS. 4B and 4C are schematic views of an exemplary display showing the
time a next blood glucose measurement is due.

18831} FI1G. 4D is a schematic view of an exemplary display for inputting patient
imformation.

16632} FIG. 4E 15 a schematic view of an exemplary display of patient information
and a timer for a patient’s next blood glucose measurement.

18633} FIGK. 5A and 5B are schematic views of an exeraplary meal bolus process of
FiG. 2A.

(6034} FIGS. 5C and 5D are schematic views of exemplary displays requesting
information from the user.

[6635] FIGS. 6A and 6B are schematic views of an exermplary subcutancous
transition process of FIG. 2A.

8036} FiG. 6C 15 a schematic view of an exemplary warning fo the user relating to
the patient.

{6637} FI1G. 6D is a schematic view of an exemplary display inguiring whether the
patient should continue treatment or stop.

[BG38] Fi(3. OF is a schematic view of an cxemplary display requesting information
from the user relating to the patient.

[6G39] FIG. 6F 1s a schematic view of an exemplary display showing the
recommended dose of msulin.

3046} FIG. 66 is a schematic view of an exemplary view to the user relating to

transitioning a patient to subcutancous delivery.

16641} FIG. 7 18 a schematic view of an exemplary correction boluses process.
6642} F1G. 8 1s a schematic view of an exemplary adjustment factor process.

18043] FIG. 9A and 9B are a schematic view of an exemplary subeutancous standard
program.

(0044} FIGS. 9C- 9E are schematic views of exemplary displays requesting

information from the user relating to the patient.
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[8045] Fi(3. 10 1s a schematic view of an exemplary subcutancous for tube-fed
paticnts process.

[6846] FIG. 11 is a schematic view of an exemplary subcutaneous process without
meal boluses.

18847} FIGS. 12A and 128 are a schematic view of an exemplary meal-by-meal
subcutaneous process without carbohydrate counting.

16348} FIGS. 13A and 13B are a schematic view of an exeroplary meal-by-meal
subcutancous process with carbohydrate counting.

8849} FIG. 14A and 14B are a schematic view of an exemplary subcutancous non-
diabetic process.

{60581 FIG. 15 is a schematic view of an exemplary arrangement of operations for
administering insulin,

(8051 F1G. 16 18 a schematic view of an exemplary arrangement of operations for
administering insulin.

80352 Like reference symbols in the various drawings indicate like elements.

DETAILED DESCRIPTION
{6053} Diabetic hospital paticnts who cat meals often have poor appetites;
consequently, co-ordination of meal boluses and meals is difficult. Meal boluses without
meals cause hypoglycenia; mcals without meal boluses cause hyperglycenia, Different
providers maay use different methods of adjusting doses: some may use formulas of thewr
OWH; SOINC may use paper protocols that are complex and difficult for the nurse to follow,
leading to a high incidence of human error; and some may use heuristic methods. There
is no gnarantee of consistency. Moreover, for diabetic patients who do not eat meals,
there 18 no currently no computerized racthod of tracking the patient’s status. For non-
diabetic patient who get include due to “stress hyperglycemia” when they are very sick or
undergoing surgery, there is no current method of monitoring their recovery when the
stress subsides and their need for insulin rapidly decreases. If the dose regimen does not
decrease rapidly alse, hypoglycemia may result. Therefore, it is desirable to have a
clirucal support system 100 (FIGS. 1A and 1B) that monitors patients’ blood glucose

level.
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[ 80541 Referring to FIG. 1A-1C, in some implementations, a clinical decision support
systern 100 analyzes inputted patient condition parameters for a patient 10 and calculates
a personalized dose of insulin to bring and maintain the patient’s blood glucose level into
a target range BGrp. Moreover, the system 100 monitors the glucose levels of a patient
19 and calculates recommended intravenous or subcutaneous insulin dose to bring the
patient’s blood ghucose into the preferred target range BGg over a recoramended period
of time. A gualified and trained healtheare professional 40 may use the system 100 along
with clinical reasoning to determine the proper dosing administered to a patient 10.
Therefore, the system 100 is a glycemic management tool for evaluation a patient’s
current and cumulative blood glucose value BG while taking into consideration the
paticnt’s information such as age, weight, and height. The systern 100 may also consider
other information such as carbohydrate content of meals, insulin doses being
administered to the patient 10, ¢.g., long-acting nsulin doses for basal insulin and rapid-
acting insulin 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 recormruends an mtravenous dosage of wsulin, glucose, or saline or a subecutancous
basal and bolus insuiin dosing recommendation or prescribed dose to adjust and maintain
the blood glucose level towards a configurable (based on the patient’s information)
physician’s determined blood glucose target range BGrp. The system 100 also considers
a patient’s msulin sensitivity or improved glycemic management and outcomes. The
systemy 100 may take into account pertinent patient information such as demographics
and previous results, feading to a more efficient use of healthcare resources. Finally, the
system 100 provides a reporting platform for reporting the recommendations or
prescribed dose(s) to the user 40 and the patient 10. In addition, for diabetic patients who
eat meals, the system 100 provides faster, roore reliable, and more efficient tnsulin
administration than a human monitoring the insulin administration. The system 100
reduces the probability of human ervor and insures consistent treatment, due to the
system’s capability of storing and tracking the patient’s blood ghucose levels BG, which
may be used for statistical studies. As for patients who are tube-fed or do not cat meals,
the system 100 provides dedicated subprograms, which in turn provide basal insulin and

correction boluses but no meal boluses, Patients who are tube-fed or who do not eat
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usually have a higher basal insulin level than patients who eat, because the carbohydrates
in the mutritive formula are accounted-for in the basal insultn. The systern 100 provides a
meal-by-meal adjustment of Meal Boluses without carbohydrate counting, by providing a
dedicated subprogram that adjusts meal boluses based on the nnracdiately preceding meal
bolus and the BG that followed it. The system 100 provides a meal-by-meal adjustment
of Mcal Boluses with carbohydrate counting by providing a dedicated subprogram that
adjusts meal boluses based a Carbohydrate-to~-Insulin Ratio {(CIR) that s adjusied at cach
meal, based on the CIR used at the immediately preceding meal bolus and the BG that
followed it.

[ELLERNY! Hyperglycemia is a condition that exists when blood sugars are too high.
While hyperglycernia 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 coraplications fror hospital procedures. Insulin
therapy is used to bring blood sugar levels back into a normal range.

88561 Hypoglycemia may occur at any time when a patient’s blood glucose level is
below a preferred target. Appropriate management of blood glucose levels for eritically
il 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 BGra 1s defined by a lower limit, t.e., 8 low target BGrre
and an upper limit, 1.c., 8 high target BGrgra.

30587} Stress-refated hyperglycemia:  Patients often get “stress hyperglycemia™ 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
their need for fusulin rapidly decreases. For non-~diabetic paticuts, the concern is that
their need for jusulin decreases faster than their dose regimen, leading to hypoglycemia.
[6058] Diabetes Mellitus has been treated for many years with msulin, Some

recurring terms and phrases are described below:
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[ 8059 Injection: Administering insulin by means of manual syringe or an insulin
“pen,” with a portable syringe naroed for its resemblance fo the faroiliar writing
implement.

[8060] Infusion: Administering insulin in a continuous manner by means of an
msulin pump for subcutancous insulin or an intravenous apparatus 123a, both of which
are capable of continuous administration.

(68611 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 jusulin administration routes and, typically, only
available in the hospital setting. For instance, in intensive 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
msulin infusion rate IR, The IR is regulated by the frequent testing of blood ghlucose,
typically at intervals between about 20 mimutes and 2 hours. This is combined with a
protocol in which a new 1R is computed after each blood glucose test.

[6662] Basal-Bolus Therapy: Basal-bolus therapy is a term that collectively refers to
any insulin regimen invelving basal insulin and boluses of insulin.

18663] Basal Insulin: Insulin that is intended to metabolize the glucose released 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 1s generally steady
but may be varied in a programmed manner by an insulin pump 123a. Basal insulinisa
slow, relatively continuous supply of insulin throughout the day and night that provides
the low, but present, insulin concentration necessary to balance glucose consumption
{(glucose uptake and oxidation} and glucose production {glucogenolysis and
gluconcogenesis). A patient’s Basal josulin needs are usually about 10 to 15 mU/kg/br
and account for 30% to 50% of the total daily insulin needs; however, considerable
variation occurs based on the patient 10.

18864} Bolus Insulin: Insulin that is administered in discrete doses. There are two
main types of boluses, Meal Bolus and Correction Bolus.

[8065] Meal Bolus: Taken just before a meal in an amount which is proportional to

the anticipated irnmediate ctfect of carbohydrates in the meal entering the blood direetly
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from the digestive system. The amounts of the Meal Boluses may be determined and
prescribed by a physician 40 for each meal during the day, i.e., breakfast, lunch, and
dinner. Alternatively, the Meal Bolus may be calculated in an amount generally
proportional to the mumber 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 in the meal} / CIR (1)
[6G66] Correction Bolus CB: Injected immediately after a blood glucose
wmeasurement; the amount of the correction bolus is proportional to the error in the BG
(i.c., the bolus is proportional to the difference between the blood ghicose measurement
BG and the patient’s personalized Target blood glucose BGraar). The proportionality
constant is a personalized number called the Correction Factor, CF, and is calculated as
follows:

CB = {(BG ~ BOpuge) / CF (2}

80867} A Correction Bolus CB 1s generally administered in a fasting state, after the
previously consumed meal has been digested. This often comeides with the time just
before the next meal.
[8065] There are several kinds of Basal-Bolus insulin therapy 1oclading Insulin
Purmp therapy and Multiple Dose Injection therapy:
[606% Insulin Purnp Therapy: An insulin pump 1234 18 a medical device used for the
administration of insulin in the treatment of diabetes mellitus, also known as continuous
subcutancous insulin infusion therapy. The device includes: a purap, a disposable
reservoir for insulin, and a disposable infusion set. The pump 1238 is an alternative to
nuultiple daily mjections of insulin by insulin syringe or an insulin pen and allows for
inteusive insulin therapy wheo used in covjuuction with blood glucose monitoring and
carbohydrate counting. The insulin pump 123a 18 a battery-powered device about the size
of a pager. It contains a cartridge of msulin, and it pumps the insulin 1oto the patient via
an “infusion set”, which is a small plastic needle or “canula” fitted with an adhesive
patch. Only rapid-acting insulin 1s used.
[6678] Multiple Dose Injection (MD1): MBI involves the subcutaneous manual

mjection of insulin several times per day using syringes or insulin pens 123b. Meal
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insulin is supplied by injection of rapid-acting insulin before cach meal in an amount
proportional to the meal. Basal insulin is provided as a once, twice, or three time daily
injection of a dose of long-acting insulin. (Other dosage frequencies may be available.
Advances continuc to be ruade in developing different types of insulin, many of which
are used to great advantage with MBM regimens:

6671} Long-acting insuling are non-peaking and can be mjected as infrequently as
once per day. These insulins are widely used for Basal losulin. They are admiuistered 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 minimur blood ghucose level.
18872} Rapid-acting insulins act on a time scale shorter than natural insulin. They are
appropriate for boluses.

[6673] In some examples, critically ili patients are ordered ni per os (NPO), which
mcans that oral food and fluids are withheld frora the patient 10, Typically these patients
19 are unconscious, have just completed an invasive surgical procedure, or generally
have difficulty swallowing. Intravenous insulin infusion is typically the most effective
method of managing blood glucose levels in these patients. A patient 10 may be NPO
and receiving a steady infusion of intravenous glicose, Total Parenteral Nutrition, tube
feeding, regular meals that include carbohiydrates, or not recetving any mutrition at all. In
cases where the patient 10 is not receiving any nutrition, blood glicose is typically
replaced by endogenous production by the liver.

[66G74] As a patient’s condition improves, an NPO order may be lifted, allowing the
patient 10 to commence an oral caloric intake. In pationts 10 with glycemic
abnormalities, additional insulin may be needed to cover the consumption of
carbohydrates. These patients 10 generally reccive one-time injections of insulin in the
patient’s subcutaneous tissue.

6675} Subcutancous administration of mealtime insulin in critically il patients 10
can jutroduce a paticut safety risk if, after receiving the insulin injection, the patient 10
decides not to eat, is unable to finish the meal, or experiences emesis.

18476} Continuous intravenous infusion of mealtime insulin, over a predetermined
time interval, allows for an incremental fulfillment of the patient’s mealtime insulin

requirement, while minimizing patient safety risks. I a patient 10 decides he/she 18
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unable to eat, the contimuous intravenous infusion may be stopped or, if a patient 10 is
anable to fiuish the meal, the contirmous intravenous infusion rate may be decreased to
compensate for the reduction in caloric intake.

16677} The pharmacokinctics (what the body does to a drug over a period of time,
which includes the processes of absorption, distribution, localization in tissues,
biotransformation, and excretion) and pharmacodynarnics {what a drug does to the body)
actions of insulin significantly improve when admivistering insulin via an intraveoous
route, which is a typical method of delivery for hospitalized patients 10. The
management of prandial insulin requirements using an intravenous route can improve
patient safety, insulin efficiency, and the accuracy of insulin dosing. The majority of
paticnts who require continuous intravenous insulin infusion therapy may also need to be
transitioned to a subcutancous nsulin regimen for ongoing control of blood glucose,
regardless of digbetes mellitus (DM) diagnosis. Morcover, the timing, dosing, and
process to transition patients 10 from a continuous infravenous route of insulin
administration to a subcutancous msulin regimen is complex and should be
individualized based on various patient parameters. Failure to individualize this approach
could increase the risk of severe hypoglycemia during the transition process. If not
epough msulin is given, the patient 10 may experience acute post-transition
hyperglycemia, requiring re-initiation of a continuous intravenous insulin infusion.
Therefore, the chinical decision support system 100 calculates a personalized dose of
insulin to bring and maintain the patient’s blood glucose level into a target range BGqm,
while taking into consideration the condition of the patient 10.

3878} The clinical decision support system 100 includes a glycemic management
module 50, an integration module 60, a surveillance module 70, and a reporting moedule
&3, Fach module 50, 60, 70, 80 s in communication with the other modules 58, 60, 70,
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 50, 60, 78, 80. The glycemic management
module 50 executes a process 200 {¢.g., an cxecutable instruction set) on a processor 112,
132, 142 or on the cloud computing resources. The integration module 60 allows for the

mteraction of users 40 with the system 100, The integration module 60 receives
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information inputted by a user 40 and allows the user 40 to retrieve previously inputted
information stored on a storage system {e.g., one or more of cloud storage resources 24, a
non-~transitory memory 144 of a hospital’s electronic medical system 140, a non-
transitory mernory 114 of the patient device 110, or other non-transitory storage media in
communication 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 modale 70 considers paticut 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 deterroines if the patient 10 is within a
threshold blood glucose value BGy. In some examples, the surveillance module 70
alerts the user 40 if a patient’s blood glucose values BG are not within a threshold blood
glucose value BGru. 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 patient’s blood ghicose
value BG drops below a lower limit of the threshold blood glucose value BGrw . The
reporting mwodule 80 may be in coromunication with at least one display 116, 146 and
provides information to the user 40 determined using the glycemic management module
50, the integration module 60, and/or the surveiliance module 70. In some examples, the
reporting module 80 provides a report that may be displayed on a display 116, 146 and/or
is capable of being printed.

6679} The system 100 is configured to evaluate a ghicose level and nutritional intake
of a patient 10. The system 100 also evaluates whether the patient 10 is transitioning to a
subcutaneous insulin regime. Based on the evaluation and analysis of the data, the
systemn 100 calculates an insulin dose, which is administered to the patient 10 to bring
and roaintain the blood glucose level of the patient 10 into the blood glucose target range
BGrr. The system 100 may be applied to various devices, including, but not limited to,
mtravenous infusion pumps 1234, subcutaneouns insulin fofusion pumps 123a,
glucometers, continuous glucose monitoring systerus, and ghicose sensors. In some
nplementations, as the system 100 is monttoring the patient’s blood glucose values BG

and the patient’s insulin intake, the systern 100 notifies the user 40 if the patient 10
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receives more than 500 units/hour of insulin because the system 100 considers these
patients 10 to be insulin resistant,

[ 668} I some examples the clinical decision support system 100 includes a network
20, & paticut device 110, a dosing controller 160, and a service provider 130, The paticnt
device 110 may include, but is not Hmited to, desktop computers or portable electronic
device (e.g., cellular phone, smartphone, personal digital assistant, barcode reader,
personal coraputer, or a wireless pad) or any other electronic device capable of sending
and receiving information via the network 20.

{6081} The patient device 110 inchudes a data processor 112 {e.g., a computing device
that exccutes instructions), and non-transitory memory 114 and a display 116 {c.g., touch
display or non-touch display) in communication with the data processor 112, In sorme
examples, the patient device 110 includes a keyboard 118, speakers 212, microphones,
mouse, and a camera.

13082} The service provider 130 may include a data processor 132 in communication
with non-transitory memory 134, The service provider 130 provides the patient 10 with a
process 200 (see FIG. 2) {e.g., a mobile application, a web-site application, or a
downloadable program 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 123a, hospital electronic medical record
systeras 140, or portable blood glucose measurement devices 124 {¢.g., glucose meter or
glucometer). Intravenous infuston pumps infuse fluids, medication or nutrients into a
patient’s circulatory system. Intravenous infusion puraps 1233 may be used
mntravenously and, in some instances, subcutancous, arterial and epidural infusions are
used. Intravenous infusion pumps 123a typically administer fluids that are expensive or
anreliable 1f administered manually (e.g., using a pen 123b) by a nurse or doctor 40,
intravenous infusion pumps 123a can administer a 0.1 mi per hour injection, injections
every minute, wjections with repeated boluses requested by the patient, up to a maxinurg
number per hours, or fluids whose volumes vary by the time of day.

[B083] In some implementations, an electronic medical record systern 140 is located
at a hospital 42 (or a doctor’s office) and includes a data processor 142, a non-transitory

memory 144, and a display 146 {e.g., touch display or non-touch display}). The transitory
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memory 144 and the display 146 are in comnunication with the data processor 142, In
some exaraples, the hospital electronic medical system 149 includes 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 non-transitory memory 144 maintains
patient records capable of being retrieved, viewed, and, in some examples, modified and
updated by authorized hospital personal on the display 146

16084} The dosing countroller 168 is in coromunication with the ghucometer 124 and
includes a computing device 112, 132, 142 and non-transitory memory 114, 134, 144 in
communication with the conputing device 112, 132, 142, The dosing controller 160
executes the process 200. The dosing controller 160 stores patient related information
retrieved from the ghucoreter 124 to determine an insulin dose rate IRR based on the
recetved blood glucose measurement BG.

[BG8S] Referring to FIG. 1C,, in some iraplementations, the msulin device 123 {e.g.,
administration device), in communication with the dosing controller 168, capable of
executing instructions for administering insulin according to a subcutaneous insulin
treatment program selected by the dosing controller 160, The admunistration device 123
may include the insulin pump 123a or the pen 123b. The adnunistration device 123 1sin
communication with the glucometer 124 and includes a computing device 112a, 112b and
non-transitory mermory 114a, 114b in conumunication with the computing device 112a,
112b. The administration device 123 mcludes a doser 223a, 223b in communication with
the administration computing device 112a, 112b for administering insulin to the patient.
For instance, the doser 2234 of the insulin pump 1234 inchudes an infusion set including a
tube in fluid communication with an insulin reservoir and a cannula mserted into the
patient’s 10 body and secured via an adhesive patch. The doser 223b of the pen 123b
includes a needle for insertion nto the patient’s 10 body for adnunistering insulin from
an insulin cartridge. The administration device 123 may receive a subcutancous insulin
treatroent program selected by and transmmtied frow the dosing controller 160, while the
administration computing device 112a, 112b may execute the subcutaneous insulin
treatment program. Executing the subcutancous insulin treatment program by the
administration computing device 112a, 112b causes the doser 223a, 223b to administer

doses of insulin specified by the subcutancous insulin treatment program. For instance,
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units for the doscs of insulin may be antomatically sct or dialed in by the administration
device 123a, 123b and admumstered via the doser 223a, 223b to the patient 10,

[ 6886} The network 20 may include any type of network that allows sending and
receiving communication signals, such as a wircless telecommunication network, a
cellular telephone network, a time division multiple access (TDMA) network, a code
division multiple access (CDMA) network, Global system for mobile communications
(GSM), a third generation (3G) network, fourth generation (4G) network, a satellite
commmunications network, and other communication networks. The network 20 may
inclade one or more of a Wide Area Network (WAN), a Local Area Network (LAN), and
a Personal Area Network (PAN). In some cxamples, the network 20 includes a
combination of data networks, telecornmunication networks, and a combination of data
and telecommunication networks, The patient device 110, the service provider 130, and
the hospital electronic medical record systern 140 comumunicate with each other by
sending and receiving signals (wired or wireless) via the network 28, In some examples,
the network 20 provides access to cloud computing resources, which may be elastic/on-
demand computing and/or storage resources 24 available over the network 20, The term
‘cloud’ services generally refers to a service performed not locally on a user’s device, but
rather delivered from one or wore remote devices accessible via ove or yoore networks
20.

{6087} Referring to FIGS. 1B and 2A-2C, the process 200 receives pararacters {¢.g.,
patient condition parameters) inputted via the client device 110, the service provider 130,
and/or the hospital system 140, analyzes the inputted parameters, and determines a
personalized dose of tnsulin to bring and maintain a patient’s blood glucose level BG into
a preferred target range BGog.

16088} In sowe implementations, before the process 200 begins to receive the
parameters, the process 200 may receive a username and a password {(¢.g., at a login
screcn displayed on the display 116, 146) to verify that a qualified and trained healtheare
professional 48 is initiating the process 200 and entering the correct information that the
process 200 needs to accurately adrnnister insulin to the patient 10, The system 100 may
custormize the login screen to allow a user 40 to reset their password and/or username.

Moreover, the system 100 may provide a logout button (not shown) that allows the user
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40 to log out of the system 100. The logout button may be displayed on the display 116,
146 at any tume during the execution of the process 200,

[ 6689} The clinical decision support system 100 may include an alarm system 120
that alerts a user 40 when the patient’s blood ghucose level BG is outside the target range
BGrr. 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 systemn
120 displays a warning message or other type of indication on the display 116 of the
patient device 110 to provide a warning message. The alarm system 120 may also send
the audible and/or visual notification via the network 28 to the hospital systers 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,

[60G98] The process 200 prompts a user 40 to input patient information 208a at block
208. The user 40 may mput the patient mformation 208a, for example, via the user
device 110 or via the hospital electronic medical record systems 140 located at a hospital
42 (or a doctor’s office). The user 40 may input new patient information 208a as shown
in FIG. 2B or retrieve previously stored patient information 208a as shown 1o FIG. 2C.

in some implementations, the process 200 provides the user 40 with a patient hist 209
(F1G. 2C) where the user 40 selects one of the patient names from the paticot Hst 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
location, patient identification. The process 200 may retrieve the patient information
208a from the non-transitory memory 144 of the hospital’s clectronic medical system 140
or the non-transitory memeory 114 of the patient device 110 {e.g., where the patient
information 208a was previcusly entered and stored). The patient information 208a may
include, 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, emergency
contact, hospital unit, diagnosis, gender, room number, and any other relevant
mformation. In some examples, the diagnosis may include, but is not limited to, burn
paticnts, Coronary artery bypass patients, stoke patients, diabetic ketoacidosis (DKA)
patients, and trauma patients. After the user 40 completes inputting the patient

inforration 208a, the process 200 at block 202 determines whether the patient 10 1s

20
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being treated with an intravenous treatment module by prompting the user 40 {e.z., on the
display 116, 146) to input whether the patient 10 will be treated with an intravenous
treatment module. If the patient 10 will not be treated with the intravenous treatment
module, the process 200 determines at block 210 whether the paticnt 10 will be treated
with a subcutaneous treatment module, by asking the user 44 {(e.g., by prompting the user
40 on the display 116, 146). It the user 40 indicates that the patient 10 will be treated
with the subcutancous treatment, the process 200 flows to block 216, where the user 40
enters patient subcutancous information 216a, such as bolus insulin type, target range,
basal insulin type and frequency of distribution {e.g., 1 dose per day, 2 doses per day, 3
doses per day, etc.), patient diabetes status, subcutancous type ordered for the patient
(¢.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 NPO or on continuous
enteral feeds), frequency of patient blood glucose measurements, or any other relevant
information. In some implementations, the patient subcutaneous information 216a is
prepopulated with default parameters, which may be adjusted or modified. When the
aser 40 enters the patient subcutancous information 216, the subcutaneous program
begins at block 226. The process may determine whether the patient 10 is being treated
with an iotravenous treatmoent or a sabcutaneous treatment by prompting the user 40 to
select between two options {£.g., a button displayed on the display 116, 146), one being
the intravenous treatment and the other begin the subcutancous treatment. In some
implementations, the subcutaneous 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 subcutaneous program without meal boluses (FIG. 11}; a meal-by-
meal subcutancous program without carbohydrate counting (FIG. 12); a meal-by-meal
subcutaneous program with carbohydrate counting (FIGS. 13A-13B); and a subeutancous
program for non-diabetic patients (FIG. 14).

18691} In some implementations and referring back to block 202, if the process 200
determines that the patient 10 will be treated with the intravenous treatment module, the
process 200 prorupts the user 40 at block 204 for setup data 204a, such as patient
parameters 2(4a relevant to the intravenous treatment mode. In some examples, the

patient parameter 2044 relating to the intravenous treatment may be prepopulated, for
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example, with default values that may be adjusted and modified by the user 40. These
patient parameters 204a may wnclude an insulin coucentration (i.e., the strength of fusulin
being used for the intravenous dosing, which may be measured in units/milltliter), the
type of insulin and rate being administered to the patient, the blood ghucose target range
BGrg, the patient’s diabetes history, a number of carbohydrates per meal, or any other
relevant information. In some implernentations, the type of nsulin and the rate of insulin
depend on the BG of the patient 10, For example, the rate and type of jnsulin
administered to a patient 10 when the blood glucose value BG of the patient 10 1s greater
or equal to 250mgl/dl may be differcut than the rate and type of insulin administered to
the patient 10 when the blood glucose value BG of the patient is greater than 250ml/dL
The blood glucesc target range BGrr may be a configurable pararacter, customized based
on varigus patient factors. The blood glucose target range BGrr may be limited to 40
mg/dl {e.g., 100-140 mg/di, 140-180 mg/dl, and 120-160 mg/dl).

18092} After the user 40 inputs patient parameters 204a for the intravenous treatment
at block 204, the process 200 prompts the user 40 to input the biood glucose value BG of
the patient 10 at block 206. The blood glucose value BG may be manually inpuotted by
the user 40, sent via the network 20 from a glucometer 124, sent electronically from the
hospital mformation or laboratory systern 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.
132,

%

{G0G93] In some implementations, the process 200 executes on the processor 112
142 the following instruction set. Other instructions are possible as well.

¢

!

Sthis->load->helper(formula'’);

SPatientID = $this->input->post("PatientiD™};
$CurrentBG = $this->input->post("iv_bg_ioput"});
$Premeal = $this->input->post("pre_meal"});
$EstCarbs = Sthis->input->post{"carbs™},
$CancelPreMeal = $this->input->post("CancelPreMealy;
SPatientEat = $this->input->post{"pationt_cat");
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$ActualCarbs ={;
$MealBolus = $this->input->post{"MealBolus™),

SMealBolusCount =10

$LastBGData = $this->iv->GetLastlVBG(SPationtiD);
$PreviousBG = $LastBGData->BGValue,

$PreviousBGRate = $LastBGData->InsulinRate;

$itr results = $this->CalculatelIR{SPatientID, $CurrentBG,
$LastBGData, 8EstCarbs);

$MealBolusDose =

$iir = $itr_results{"ir";
Sroultiplicr = §iir_results["multiplier™];
SActualCarbs =0

SPostPlateCheck = false;
$MinutesinTrausition = $this->iv-
>GetTransitionMinutesinTransition{$PatientiD);

$StartingMaltiplier = $LastBGData->SensitivityFactor;

>ActualNumberQfCarbs == 15)
{SLastBGCarbsGiven = truc;}
else

{SLastBGCarbsGiven = false;}

if{$PatientEat == { && $EstCarbs>0 && $Promeall= 1)
{
$MealBolusData = $this->iv-
>GetCurrentMealBolusinfo{$Patienti D),
if($MealBolusData ["NumCount"]<2)

¢
N

$CancelPreMeal = "yes";
3
H

23
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¢

H{SPremeal == "1")

{

t
$MealBolus = 1;
$ActualCarbs = @
$MealBolusCount = §;

¥

5

else if{ $MealBolus == 1)

{
$MealBolus = 1
$EstCarbs = $LastBGData->EstNumberOfCarbs;
$meal cat = $this->input->post("meal eat"y;
if{$meal ecat=="tnput"}
{$ActualCarbs = $this->input->post("meal_eat input val");}
else
{$ActualCarbs = $meal cat/100*$EstCarbs; }
$Timelnterval = $LastBGData->Timelnterval ;
$MealBolusCount = 1
if{$ActualCarbs ==0)
{$MealBolus = §;}

}

else

{

$MealBolusData = $this->iv-

>GetCurrentMealBolusInfo($PatientiD);

24
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if (§MealBolusDatal"NumCount"} > 0 &&
$MealBolusData] "NumCount" }<=2)
{
$MealBolus =1,
$EstCarbs = $MealBolusData["EstNumberofCarbs™];
SActualCarbs =
$MealBolusData["ActualNumberofCarbs"];
$MealBolusCount = $MealBolusData] "NumCount"];

H{8MealBolusData "NumCount"] <2)
{
$Timelnterval = $this->1v-
>getPostPlateCheckinterval{$PatientID);

$PostPlateCheck = true;

}
else
i
S
$Timelnterval = $MealBolusData[ " Timelnterval™] ;
y

S

if{$CancelPreMeal=="ves"}
{$MealBolus =0;}

if{$MealBolus ==1)

{
if{$Premeal t="1")
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Smultiplier = $LastBGData->SensitivityFactor;

}

$MB = $this->CalculateMealBoluslIR($PatientID, $CurrentBG,
SEstCarbs, $ActualCarbs, $LastBGData, $multiplier, $MealBolusCount, $Timelnterval j;

if ($PostPlateCheck)

{$ActualCarbs = 4}

$iir = round(§MB[0],1);

$MealBohusDiose = round{SMB[2],2);

if($MealBolusDose == 0.00)

{$MealBolusDose = $.01;}

$itr_display = 8iir;

Hi$this->defanit->InsulinUnitOfMeasure = units/hr')
§
t
$iir_display = $iir_display/$LastBGData->InsulinConcentration;

$iir = $irr/SLastBGData->InsulinConcentration;

// settings

$hospital settings = $this->patient-

>GetHospital UnitinfoByHospital UnitiD(S LastBGData->Hospital UnitiD);

//get the value from configurable option

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

$StopinsulinBGValue = Bthis->systemsettings-
>(lobalSetting{"StoplnsulinBGValue);

i
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(trim{strtolower{$StopinsulinBGValue)y == "targetlow™} ||
empty($StoplosulinBGValue) || lisset{ $StopinsulinBGValue) ||
{$StopinsulinBGValue > SLastBGData->TargetLow)
)
{$StopinsulinBGValue = $LastBGData->TargetLow; }

//if TR, gets this bigh, stopi!!
8StopinsulinRecommendation =
getOneField("StopInsulinRecValue","xStoplosulinRecornmendation”,"Sto

pinsulinRecID", Shospital settings->StoplnsulinRecomm);

Sdefault iir limit = $this->options-

>ListData{"Warning_ IRGreaterThanValue","xWarning_IRGreaterThan”,"Warning IRGr

caterThanlD =" . $hospital settings->DisplayWarn . """ true)-
>Warning IRGreaterThanValue;
$ShowHighRateWarning = (Siir >= $default tir broit);

$HighRateLimit = $defanlt jir limit;

SshowlnsulinResistance = false;
$show50 = false;
$showHTF = false;

Sstoplnsulin = false;

D50 =0;
H(8CurrentBG >= 250)
{

$showinsulinResistance = $this->iv-
>CheckifinsulinResistance(§PatientiD);

}

27
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i { (BCurrentBG <= $HypoTreatmentValue) && (8CurrentBG <
$LastBGData->Targetlow) )
{
$D350 = (100-8CurrentBG)y*0.4;
$D50 = round($D58, O);
/HR for D50 1s always O
$iir = 0;
$iir display = 0;
iF {($CurrentBG <= $HypoTreatmentValue)

{
SshowD 50 = true;
3
clse
¢
tf (3CurrentBG > 60}
,
1
$showHTF = true;
N
5
4

$stopinsulin = ($showD50 || ( $CurrentBG<=§StoplnsulinBGValue &&
8CurrentBG < $LastBGData->TargetLow));

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

$showD50Dupe = false;

H{SshowDS0 && $LastBGData->BGID > 0)

{

iff{

{$LastBGData->MimutesFromLastBG<20) &&
{($LastBGData->BGValue < $CurrentBG)

28
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)

¢

!
$showD50 = faise;
&showD50Dupe = true;
Siir = 0;
SD3G=§;

v

3

o

H{$stopinsulin}

{$iir ="0";)

SUseGTFlnd = Sthis->UseGTFluid ($PatientlD, 8CurrentBG);
$BGData = array(
"ActualCarbs"=>% ActualCarbs,
"EnableFlindManage” => $hospital settings-
>EnableFluidManage,
FloidType' => ($UseGTFhuid)?8 LastBGData-
>Over2 50F uid: $LastBGData->Under2 50F luid,
FluidRate" => ($UscGTFluid)?$LastBGData-
>Over230Rate: $LastBGData->UnderZ 50Rate,
‘BGValue' => $CurrentBG,
InsulinRate’ => §iir,
‘SensitivityFactor' => $multiplier,
BSOW" => §350,
PatientEat'=>%PatientEat,
‘MealBolusDose' => $MealBolusDose,
"CreateDate” => getOneField("dbo.mGluDateTime()", "Patients”,
"PatientiD”, $PatientiD)
5
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H{$stoplnsulin}

{
$iir = ;8iir_display = 0,
}
$ShowWarningContactPhysician= ($iir >= §StopinsulinRecommendation

&& $StopInsulinRecommendation!="");
H{$ShowWarningContactPhysician)
{
$ShowHighRateWarning =false;
$iir = $StopinsulinRecommendation;
$iir_display = $StoplnsulinRecommendation;
$BGData]"InsulinRate"] = $StophnsulinRecommendation;
$BGData]"SensitivityFactor™] = §StartingMultiplier;
$
$SameliR = false;
Hi{$PrevicusBGRate == §iir_display){

$SamellR = true;

Sdata= array{
i’ = $iir,
“ir display"=>%iir_display,
"fnsulinUnitOfMeasure” => $this->default-

>insulintnitOfMeasure,

"showinsulinResistance” => fshowlnsulinResistance,
“showD530"=>8showD350,
"showD50Dupe”=>8showD3Dupe,
"showHTF"=>$showHTF,
"showlIR"=>8showliR,
"stoplusulin"=>$stopinsulin,

"D50"=>$D50,
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"HypoTreatmentValue
PrevDA0W => $LastBGData->D30W,
"LastBGData" => $LastBGData,
“default” => $this->default,

>$HypoTreatmentValue,

"SecondNurseVerification” => Shospital settings-
>EnableSecondNurseVer,

"ShowHighRateWarning" => $ShowHighRateWarning,

"HighRatcLimit" => $HighRateLimit,

"ShowWarningContactPhysician” =>
8ShowWarningContactPhysician,

'BGData=>$BGData,

‘SameliR=>$SamellR,

PaticntEat'=>fPaticntEat,

"sDistinuel V' =>8MinutesinTransition>=240%true:false,

‘EnableHypoglycemiaMessage™=>$hospital settings-
>EunableHypoglycemiaMessage,

‘MinutesFrombLastBG' => $LastBGData->MinutesFromLastBG,

HypoglycemiaMessage™=>8hospital _settings-
>HypoglycenuaMessage,

"LastBGCarbsGiven' =>$LastBGCarbsGiven,

TVDiscontinueRecomm' => §this->iv-
>IVDiscontinueRecomm{$PatientiD, $iir),

‘AreLastFourinsulinRatesLow' => $this->iv-
>ArebLastFourinsulinRatesbow{$PatienttD, $iir}

%

/fLoading History Data

$UserlD = $this->session->userdata'logged in'}['UserdD'];
if{{ $data "showlIR"}))

{

$DosageAmount = bdata["iir_display™};
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$DosageLabel =
dealWithInsulinMeasurement($data] " TosulinUnitOfMeasure” ], bdatal"tir_display”l);

}
if{ $data"showD50"])

{
Hf{8EnableHypoglycemiaMessage == 1)
,
t
$DosageAmount = "null";
$Bosagelabel = "Stop Insulin Infusion™;
Y
3
else
{
$DosagcArmount = $D50;
$Dosagelabel = "D50 or 12-15 Grams of Carbs”,
3
3
!
3

//if $Dosage Amount is emipty and $Dosagelabel is empty
iflempty($Bosage Amount) && empty{$Dosagelabel)} |
$DosageAmount = §;
$DosageLabel = null;
}
$this->load->model("patient”);
$this->patient->AddDosageRecommendationHistory($PatientiD,

1,1, 8CurrentBG, S$DosageAmount, $Dosagelabel, $UseriDy;

Bthis->load->view("forms/bg/iv_bg checkboxes”, $data),;

!
3
function UseGTFluid(§Patientl D3, $CurrentBG)
§
8
//BR52

H{8CurrentBG >= 300)

G2
3



WO 2015/116397 PCT/US2015/011559

{return true;}

//BR3 .1
$Last3BGs = Bthis->1v->Last2BGs($PatientiD);
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{return frue;}

//BRS.3

10 {return true;}

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

15 {return true;}

//default BR5.5
return false;

}
20 function CalculateMealBolusHR{($PatientID, $CurrentBG, $EstimatedCarbs,
$ActualCarbs, 8LastBGData, $Multiplier, SMealBohisCount, $Timelnterval)

§
3

SnsulinUnitsOfMeasure = GetOneField("SettingValue",

25 "GlobalSettings”, "SettingName”, "InsulinUnitOfMeasure™);
$r = PreMeallIR(
$PatientiD,
$CurrentBG,
30 $Multiplier,

$LastBGData->InsulinConcentration,
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$EstimatedCarbs, $ActualCarbs,
$Timelnterval,
$losulinUnitsOfMeasure,
$MealBolusCount
%
$r{0] = round($r[0], 5);
return $r;
H
function CalculatelIR(SPatientiD, $CurrentBG, $LastBGData, $EstCarbs)
{
/*Adjust Multiplier®/
Sraultiplier = $LastBGData->SensitivityFactor;
/*add the condition $LastBGData->SensitivityFactor == $LastBGData-
>PreBGSensitivityFactor
if change the Multiplier by manually .it should net be changed.
updated by stanley on 10/30/2013
*/
H{(SLastBGData->BGIDI=0 || $EstCarbs > 0) && ($LastBGData-

>SensitivityFactor == $LastBGData->Pre BGSensitivityFactor) )

{

iff
($CurrentBG > $LastBGData->TargetHighy &&
(($CurrentBG / $LastBGData->BGValue) > 0.85)

}

¢

!
$multiplier = Smultiplier® 1.25;

.

f

elsetfi $CurrentBG < $LastBGData->TargetLow)

§
3

Smultiplier = Smultiplier * 0.8;

S
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b

Sroultiplier = round($raultiplier, 5);

/iCale TIR
$HR = round( ($CurrentBG - 60} * Smultiplier, 1);
If(STIR < 0)
(1R = 0;}
Sreturn = array(
"SR,
"multiplier” => $multiplier,
%

return $return;

30941 F1G. 3 provides a dose calculation process 300 for calculating the insulin
infusion rate IR of the patient 10 for intravenous treatment after the process 200 receives
the paticot information 208a discussed above (including the patients’ blood glucose value
BG). At block 301 the dose calculation process 300 determines if the patient’s blood
ghucose BG 1s less than a stop threshold value BGrpgp. if not, then at block 303 the dose
calculation process 300 goes to block 304 without taking any action. If, however, the
patient’s blood glucose BG is less than a stop threshold value BGrs,, then the
calculation dose process sets the patient’s regular insulin dose rate IRR to zero at block
302, which then goces to block 322, The dose calculation process 300 determines at
decision block 304 if the inputted blood ghicose value BG is the first inputted blood
ghicose value.
16095} The patient’s regular insulin dose rate HR is calculated at block 320 in
accordance with the following equation:

HR = (BG~K) * M (3A)
where X is a constant, known as the Offset Target, with the same unit of measure as
blood ghicose and M s a unit-less multiplier. In sorne exarmples, the Offset Target X is

lower than the blood glucose target range of the patient 10, The Offset Target K allows

(o8]
(4
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the dose calculation process 300 to calculate a non-zero stable insulin dose rate even with
a blood glacose result is in the blood glucose target range BGy.
(6896} The initial multiplier My, determined by the physician 40, approximates the
sensitivity of a patient 10 to insulin. For example, the initial multiphier cquals 0.02 for
adults ages 18 and above. In some examples, the initial multiplier My equals .01 for frail
elderly patients 10 who may be at risk for cornplications arising when their blood glucose
level BG falls faster than 80mg/dVhr. Moreover, the physician 40 may order a higher
mitial multiplicr My for patients 18 with special needs, such as CABG patients {(i.e.,
patients who have undergone coronary artery bypass grafting) with BMI (Body Mass
Index which is a measure for the human body shape based on the individual’s mass and
height) less than 30 might typically recetve an initial multiphier of 0.05, whereas a patient
10 with BMI greater than 30 might receive an initial multiplier My of 8.06. In addition, a
patient’s weight may be considered in determining the value of the inttial multiphier My,
for examples, in pediatric treatments, the system 100 calculates a patient’s initial
nudtiplier A4y using the following equation:
M= 0.0002 x Weight of patient (in kilograms) (3B)
in some implementations, K 18 equal to 60 mg/dl. The dose calculation process 300
determines the target blood glacose target range BGry using two himits inputted by the
user 40, a lower limit of the target range BGygrp and an upper (high) limit of the target
range BGrry. These limits are chosen by the user 40 so that they contain the desired
blood ghicose target as the midpoint. Additionally, the Offset Target K may be
calculated dynamically in accordance with the following cquation:
K = BG e — Offset, (4
where BGrage 15 the midpoint of the blood glucose target range BGryy and Offset s the
preconfigored distance between the target center BGrae and the Offset Target, K.
{6697} {n some implementations, the insulin dosce rate IRR may be determined by the
following process on a processor 112, 132, 142, Other processes muay also be used.
function HIR($st, Scurrent_bg, $bg default = 60, $insulin_concentration,

Sins_units_of measure = "units/hr’y {

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

settype{$Binsulin_concentration,'float'};

(@param $sf = sensitivity factor from db
@param $current bg = the current bg value being submitted
(@param $db_default = the default "Stop Insulin When" value.. if
it 1an't passed, it defaults to 60
{@param $insulin_concentration = the default insulin concentration

from settings

if(Scurrent_bg> 60) {

$iir = array(};

$iir[0] = round({Scurrent_bg - $bg default) * $sf, 1);

if ($ins_units of measure !="units/hr"y {
Siirf 1] = round{{Scurrent_bg - $bg default) * Ssf/
Sinsulin_concentration ,1};
}
H

return $iir;

return §;

N

18398} Referring to decision block 304, when the dose calculation process 300
determines that the inputted blood ghucose value BG is the first inputted blood glucose
value, then the dose calculation process 300 defines the value of the current muldtiplier &

equal to an inttial multiplier (#)) at block 306. The dose calculation process 300 then
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calculates, at block 320, the Insulin Infusion Rate in accordance with the HR eguation
(EQ. 3A) and returns to the process 200 (see FIG. 2).
[66399] However, referring back to decision block 304, when the dose calculation
process 300 determines that the inputted blood glucose value BG is not the first inputted
biood glucose value, the dose calculation process 300 determines 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. 5).
(881661 Referring back to decision block 30X, if the Meal Bolus Module has not been
activated, the dose calculation process 300 determines, at decision block 310, if the
current blood glucose value BG is greater than the upper limit BGrey of the blood
glucose target range BGrp. I the blood glucose value BG is greater than the upper limit
BGrry of the blood glucose target range BGryg, the dose calculation process 300
determines, at block 314, a ratio of the current blood glucose value B¢ to the previous
blood glucose value BGp, where BGp 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
blood ghicose, BG/ BGp , is greater than a threshold value £ 4, as shown in the following
squation:

(BG/BGpl > Ly (5)
where BG 15 the patient’s current blood glucose value; BGp is the pationt’s previous
blood glucose value; and L4 1s the threshold ratio of BG/ 8, for blood glucose values
above the upper limit of the blood glucose target range BGyry. If the ratioc 8G/ BG,
exceeds the threshold ratio L, | then the Multiplier M is increased. In some examples, the
threshold ratio £, cquals 0.85.
(60191}  If the dose calculation process 300 determiunes that the ratio (BG, 8G,) of the
blood glicose value B¢ to the previous blood glucose value BG, is not greater than the
threshold ratio Ly for a blood ghucose value BG above the upper imit BGrpy of the blood
ghicose target range 5Grg, then the dose calculation process 300 sets the value of the
current multiplier M to equal the value of the previous multiphier My, sec block 312,

M = Mp (6)
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186162] Referring back to block 314, if the dose calculation process 300 determines
that the ratio (5G/8G,) of the blood glucose value BG to the previous blood glucose BGr
is greater than the threshold ratio 24 for a blood ghicose value above upper limit BGrmry of
the blood glucose target range G, then dose calenlation process 300 multiplies the
value of the current mmudtiplier M by a desired Multiplier Change Factor (Mr) at block
318. The dose calculation process 300 then calculates the insulin infusion rate at block
320 using the HR equation (EQ. 3A) and returns to the process 200 (see FIG. 2).
(66183} Referring back to block 310, when the dose calculation process 300
determines that the current blood glucose value 8G is not greater than the upper Hmit
BGrry of the blood glucose target range BGry, the dose calculation process 300 then
determines if the current blood glucose concentration BG is below the lower limit BGygy
of the blood glucose target range BGorg at decision block 311, {fthe current blood
glucose value BG 1s below the lower limit BGryy, of the blood glucose target range BGrp,
the dose calculation process 300 at block 316 divides the value of the current multiphier
M by the Multiplier Change Factor (M»), in accordance with the following equation:
M= Mp/ M {7
and calculates the current insulin infusion rate HR using equation 3 at block 320 and
returns to the process 200 {see FIG. 2).
188164} Atblock 311, if the dose calculation process 300 determines that the blood
ghucose value BG 1s not below the lower limit of the blood glucose target range BGrzi,
the dose calculation process 300 sets the value of the current multiplier to be equal to the
value of the previous multiplicr Mp at block 312 (see EQ. 6).
188105} Referring again to FIG. 3, at block 311, if the current blood ghicose value 8¢
is below the lower limit of the target range 8Gyyy, logic passes to decision block 322,
where the process 300 determines if the current blood ghucose councentration BG is below
a hypoglycemia threshold BGyy.. If the current blood glucose BG is below the
hypoglycerma threshold 5Gpyp., logic then passes to block 324, where the process 300
recommends hypoglycemia treatment, either by a calculation of an individualized dose of

intravenous ghicose or oral hypoglycemia treatmaent.
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(80186} Reforring back to FIG. ZA, after the dose calculation process 300 calculates
the insulin nfusion rate HR, the process 200 proceeds to a tivae caleulation process 400
{F1G. 4A) for calculating a time interval The, until the next blood ghicose measurement.
[86167] FIG. 4A shows the time interval calculation process 400 for calculating a tirae
interval Twen between the current blood ghicose measurement BG and the next blood
glucose measurerment BG,,.,;. The time-duration of blood glucose measurement intervals
Trex may vary and the starting time interval can either be inputied by a user 40 at the
beginning of the process 200, 300, 400, or defaulted to a predetermined time interval,
Trefaunt {€.2., one hour). The time interval Trew 18 shortened if the blood glucose
concentration BG of the patient 10 1s decreasing excessively, or it may be lengthened if
the blood ghucose concentration BG of the patient 10 becornes stable within the blood
glucose target range BGrm.

[86108] The time-interval calculation process 400 determines a value for the time
interval Trew based on several conditions. The time-interval process 400 checks for the
apphicability of several conditions, where each condition has a value for Ty that s
triggered by a logic-test {except Taenue). The process 400 selects the lowest value of Thex
from the values triggered by logic tests {not counting Taeran). If nio logic test was
triggered, the process selects Tyepur. This is accomplished in FIG 4A by the logic
structure that selects the lowest values of Ty first. However, other logic structures are
possible as well.

(66189}  The time calculation process 400 determines at decision block 416 if the
current blood glucose BG 1s below the lower Hmit BGyyy, {target range low limit) of the
blood glucose target range BGre. If the current blood ghicose BG is below the lower
limit BGyy, of the blood glucose target range BGyg, then the time calculation process
400 determines, at deciston block 418, if the current blood glucose BG s less than a
hypoglycemia-threshold blood glucose level BGuypo.

188116}  If the current blood glucose BG 1s less than the hypoglycerma-threshold blood
ghucose level BGnyy,o the time calculation process 400 sets the time interval Treq to a
hypoglyceniia tirne interval Trypo, ¢.8., 15 or 30 minutes, at block 426. Then the tirae

calculation process 400 is complete and returns to the process 200 (FIG. 2) at block 428,

40
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(60111}  If the current blood glucose BG is not less than (i.e., is greater than) the

hypoglycemia-threshold blood glucose level BGrypo at block 418, the time calculation
process 400 determines at block 422 if the most recent glucose percent drop BGuingp, 18
greater than the threshold glucose percentage drop %6Drop; ow vinie (for a low BG range)

using the following equation:

BGoyarop = WOYOP 0w Limit (RA)
Since
- (BGp — BG .
Blyarop = (““““““““““ o )) (8B)
® 3 B{IF
then,

(BGp - BG) ‘
(““‘5';““"“") > DOV 0w Limir (8C)
AJP

where BGp 18 a previously measured blood glucose.

108112  If the current glucose percent drop BGoprop, 1S not greater than the limit for
ghicose percent drop (for the low BG range) %Dropiow Limin the time calculation process
400 passes the logic to block 412, In some examples, the low it %Droprew Limi €quals
25%.

[08113] Referring back to block 422, if the current glucose percent drop BGypwy 18
greater than the himit for glucose percent drop (for the low BG range) %Droprow Limie the
tirne calculation process 400 at block 424 sets the time interval to a shortened time
interval Tspon, for example 20 minutes, to accommodate for the increased drop rate of the
blood glucose BG. Then the time caleulation process 400 is complete and returns to the
process 200 (FIG. 2) at block 428.

(88114} Referring back to decision block 416, if the time caleunlation process 400
determines that the carrent blood glucose BG is not below the lower lirait BGrry, for the
blood ghicose target range BGrg, the time calculation process 400 determines at block
420 if the blood glucose BG has decrcasced by a percent of the previous blood ghicose
that exceeds a limit %Dropregur {for the regular range, 1.¢., blood glucose value BG >
BGyrr ), using the formula:

((scp - BG)

BGp ) > (%?I)rop}?eguia'r &)

188115}  If the blood glucose BG has decreased by a percentage that exceeds the

regular threshold glucose percent drop (for the regular BG range} %Dropregua the time

41
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calculation process 400, at block 4235, sets the time interval to the shortened time interval
Tshor, for exarple 20 minutes. A reasonable value for %Dropgegu. for many
implementations is 66%. Then the time calculation process 400 is complete and retums
to the process 200 (FIG. 2) at block 428, 1f, however, the glucose has not decreased by a
percent that exceeds the threshold glucose percent drop %Droprecutar, (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 BGpropraee based on the
following cquation:

BGDrcvaate = {\BGP - B(j) / (T()urrem - TPreVious) (E G)
where BGy is the previous blood glucose measurement, Teygen 18 the current time and
Trrevious 18 the previous titae. Morcover, the process 400 at block 412 determines if the
blood ghicose rate of descent BGpioprawe 15 greater than a preconfigured drop rate limit
BGdropR‘ateLimit-
[88136]  If the time calculation process 400 at block 412 determines that the blood
glucose rate of descent BGuoprate, h1as exceeded the preconfigured drop rate limit
BGgropracimit, the time interval Teg until the next blood glucose measurement s
shortened at block 414 to a glucose drop rate time interval Trgpr, which is a relatively
shorter time interval than the current time interval Togwenn a8 consideration for the fast
drop. The preconfigured drop rate limit BGywprawerimi may be about 100 mg/dVhr. The
ghacose drop rate time interval Tyepe may be 30 minutes, or any other predetermined
time. In some examples, a reasonable value for Toegn 15 one hour. Then the time
calculation process 400 is complete and returns to the process 200 (FIG. 2) at block 428,
[B8187]  If the time calculation process 400 determines at block 412 that the glucose
drop rate BGpoprate does not exceed the preconfigured rate limit BGueoprater i, the time
calculation process 400 determines, at block 408, if the patient’s blood glucose
concentration BG has been within the desired target range BGryg {e.2., BGigpy <BG<
BGrry) for a pertod of time Teape. The criterion for stability in the blood glucose target
range BGrp is a specified time in the target range BGrr or a specified number of
consecuttve blood glucose measurcments in the target range BGrr. For example, the
stable period of time Tgune may be one hour, two hours, two and a half hours, orup to 4

hours. If the stability criterion 1s met then the time interval e until the next scheduled
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blood glucose measurement BG may be set at block 410 to a lengthened time interval
Trong {such as 2 hours) that is generally greater than the default tivae interval Theau.
Then the time calculation process 400 is complete and returns to the process 200 (FI1G. 23
at block 428. It the timac calculation process 400 determines that the patient 10 has not
met the criteria for stability, the time calculation process 400 sets the time interval Taew
to a default time interval Tpepen 8t block 406, Then the tirae calculation process 400 is
complete and returns to the process 200 (FIG. 2) at block 428.

[6G118] Referring to FIGS. 4B and 4C, once the time calculation process 400
calculates the recoromended time interval Thgw, 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 paticnt device 110 or displayed on
the dispiay 146 of the hospital system 140. When the timer 430 ts complete, 8 “BG
Due!” message nught be displayed as shown i FIG. 4B. The countdown timer 430 may
include an overdue time 432 indicating the time iate if a blood glucose value s not
entered as scheduled.

[86189]  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 sore like audio sounding roechanism. The
audible and/or visual notification may alse be sent via the network to the hospital system
140 {or any other remote station) and displayed on the display 146 of the hospital system
140 or played through speakers 152 of the hogspital system 140, or routed to the cell
phone or pager of the user. In some examples, the sudible alarm using the speakers 122
is turned off by a user selection 434 oun the display 116 or it is silenced for a
preconfigured time. The display 116, 143 may show information 230 that includes the
patient’s intravenous freatment information 2302 or to the patient’s subcutanecous
treatment information 230b. In some examples, the user 40 selects the countdown timer
4380 when the timer 430 indicates that the patient 10 is due for his or her blood glucose
measurement. When the user 40 selects the timer 430, the display 116, 146 allows the
user 40 to enter the current blood glucose value BG as shown in FI1G. 4D, For
intravenous patients 10, the process 200 may ask the user 40 (via the display 116, 146} if

the blood glucose is pre-meal blood glucose measurement (as shown in FIG. 4D). When
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the user 40 enters the information 230 (F1G. 4D), the user 40 selects a continue button to
confirm the entered information 230, which leads to the display 116, 146 displaying
bloed glucose information 230c¢ and a timer 430 showing when the next blood glucose
measurement BG 18 due (FIG, 4E). In addition, the user 40 may cuter the patient’s blood
ghicose measurement B 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 time, or the user 40 may choose to start the Meal Bolus module process 500 (see
F1G. 5) by selecting the start meal button 438 (FIG. 4E), transition the patient to SubQ
wsulio therapy 600 (see FIG.6), or discontinue treatment 220,

[8012¢] Referring to FIGS. SA-5D, in some implementations, the process 200 includes
a process where the patient’s blood glucose level BG s 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
fevels during the prandial period. When a user 40 chooses to start the Meal Bolus
process 500 (c.g., when the user 40 positively answers that this is a pre-meal blood
glucose racasurernent in FIG. 4D, or when the user 40 selects the start meal button 438 10
FIG. 4E), the Meal Bolus process 500, at decision block 504, requests the blood glucose
BG of the patient 14, The user 40 enters the blood glucose value BG at 501 or the system
100 recetves the blood ghucose BG from a glucometer 124, This blood glicose
measurement is referred to herein as the Pre-Meal BG or BG1L. In some examples, where
the user 40 enters the information, the user 40 selects a continue button to confirm the
entered information 230¢. In some exaraples, the intravenous meal bolus process 500 1s
administered to a patient 10 over a total period of time Typumpons. The total period of time
Thtearnotes 18 divided into multiple time mtervals Tiamonsi 10 Taseasonsy, where N is any
integer greater than zero. In some examples, a first time interval Tapusons: rans from a
Pre-Meal blood glucose value BGU at measured at time T, to a second blood glucose
value BG2 at measured at time T, A second time interval Thywipons, tuns from the second
biood glucose value BG2 measured at time T3 to the third blood glucose value BG3
measured at time T3, A third time interval Tyeapons: Tuns from the third blood glucose
value BG3 measured at time Ts to a fourth blood ghucese vatue BG4 measured at time Ty

. In some implementations where the tirae intervals Theasonsy are smaller than Tpenu
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the user 40 should closely montitor and control over changes in the blood glucose of the
patient 10, For example, a total period of time Typamons €quals 2 hours, and may be
comprised of! Dipasonss = 30 minutes, Dipasonss = 30 minutes, and Tigwrensz = 1 hour,
This example ends on the fourth blood glucose measurement. When the Mcal Bolus
process SO0 has been activated, an indication 440 is displayed on the display 116, 146
mforming the user 40 that the process 500 1s in progress. The Meal Bolus process 500
prompts the user 40 if the entered blood glucose value BG is the first blood glucose valae
prior to the meal by displaying a question on the patient display 116, If the Meal Bolus
process SO0 determines that the entered blood glucose value BG is the fitst blood glucose
value (BG1) prior to the meal, then the Meal Bolus process 500 freczes the current
multiplier 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, insulin type, default number of carbohydrates per meal,
the total period of time of the meal bolus process Thirasons, interval lengths (e.g.,
Thteainolusls & MealBoiusi - 1 Meaipolusy}» @04 the percent, “C”, of the estimated meal bolus to be
delivered in the first mterval Tipamens:. 10 some examples, when the systern 100 includes
a hospital electronic medical record systern 140, mutritional information and number of
grams of carbohydrates are retrieved from the hospital clectronic medical record systems
140 automatically. The Mcal Bolus process 500 allows the user 40 to sclect whether to
input a number of carbohydrates from a selection of standard meals (AcutalCarbs) or to
use & custom input to input an estimated nummber of carbohydrates (EstimatedCarbs) that
the patient 10 is likely to consume. The Meal Bolus process 500 then flows to block 586,
where the estimated meal bolus rate for the meal is calculated. The calculation process in
block 506 s explained in two steps. The first step is calculation of a meal bolus (in units
of insulin} in accordance with the following equation:

Estirnated Meal Bolus = EstimatedCarbs / CIR {(11A)
where CIR is the Carbohydrate-to-fnsulin Ratio, previously discussed.
{66128} The Meal Bolus process 500 then determines the Estimated Meal Bolus Rate
based on the following equation:

Estimated Meal Bolus Rate = Estimated Meal Bolus * C/ Tyvamotesi (11B)
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Where, Dyeaipons: 18 the time duration of the first time interval of the Meal Bolus total
period of time Typamons. 18 a constant adjusted to infuse the optimum portion of the
Estimated Meal Bolus during first time interval Thpamonss. For instance: if Estimated
Meal Bolus = 6 units, Theapons: = 0.5 hours, and C = 25%, then applying Eq. [1A as an
example:
Estimated Meal Bolus Rate = (6 units) ¥ 25% / (0.5 hours) = 3 units/hour  (11C)

The Meal Bolus process 500 calculates the Total Insulin Rate at block 508 as follows:

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

(12)

186122} The Meal Bolus process 500 flows to block 510 where it sets the time interval
for the first interval Thseampenss 10 118 configured value, {¢.g., usually 30 minutes), which
will end at the second meal bolus blood glucose (BG2).
[86123]  After the first time interval Tajeaponss €Xpires {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 501, When the Meal Bolus process 500 determines that the entered
blood ghicose value BG is not the first blood ghucose value BG1 entered at block 504
{i.e., the pre-meal BG, BG1, as previously discussed), the process 500 flows to block
514. Atblock 514, the Meal Bolus process 500 determines if the blood glucose value BG
is the sccond value BGZ entered by the user 40. If the user 40 confirms that the entered
blood glucose value BG 1s the sccond blood glucose value BG2 entered, the Meal Bolus
process SO0 uses the just-entered blood ghicose BG2 to calculate the intravenous insulin
rate IRR at block 516 and flows to block 524, Simultancously, if the blood glucosce is the
second blood glucose BG2, the Meal Bolus process 500 prompts the user 40 to enter the
actual amount of carbohydrates that the patient 10 received at block 518, 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, i.e., if the amount of
carbohydrates is zero (see FIG. 5C). If the Meal Bolus process 500 determines that the
patient did not eat, the Meal Bolus process 500 then flows to block 540, where the meal
bolus module process 500 is discontinued, the multiplier 18 no longer frozen, and the time
interval Twex Is restored to the appropriate time interval Trew, as determined by process

400. If however, the Meal Bolus process 500 determines that the patient 10 ate, 1.e., the
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actual carbohydrates is not zero {see FIG. 3D}, then The Meal Bolus process 500 flows to
block 522, where it calculates a Revised meal bolus rate according fo the following
equations, where the Revised Meal Bolus and then an amount of insulin (in units of
msulinare calculated:

Revised Meal Bolus = ActualCarbs / CIR {13A)
[86124] 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 Bolus Rate * (T, - Ty} {138)
where time T1 1s the time of wheu the first blood glucose value BG1 s roeasured and
time T2 is the tirne when the second blood glucose value BG2 1s measured.

[80125] The process at block 522 then calculates the portion of the Revised Meal
Bolus remaining to be delivered (i.e., the Meal Bolus that has not yet been delivered to
the patient 10} as follows:

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

Delivered (13C)
[86126] The process at block 322 then calculates the Revised Meal Bolus Rate as
follows:
Revised Meal Bolus Rate = Revised Meal Bolas Remaining / Time Remaining  {(144A)
where Time Remaining = Theaoius — | MealBolssl. S1nce the total time interval Thynuisons
and the first time mitcrval Tapeapomss are preconfigured values, the Time Remaining may
be determined.
(86127} The Mecal 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 on the
blood ghucose value BG:
Total Insubin Rate = Revised Meal Bolus Rate + HR. (148)

[66128] The Mecal Bolus process 500 flows to block 526 where it scts the time interval
Trest to the second interval Taeamonss, which will end at the third meal bolus blood glucose
BG3 e.g., usually 30 minutes.
[66129]  After the second interval, Thpaizons: expires {e.g., 30 minutes), the Meal Bolus
process 500 prompts the user 40 to euter the blood ghicose value BG once again at block

501. The Mcal Bolus process 500 determines that the entered blood glucose value BG s
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not the first blood glucose value entered at block 504 (previously discussed) and flows to
block 514. The Meal Bolus process 580 determines that the entered blood glucose value
B is not the second blood glucose value entered at block 514 (previously discussed) and
flows to block 528. At block 52§, the Meal Bolus process 500 determines it the blood
ghicose value BG is the third value entered. If the entered blood glucose value BG is the
third blood glucose value BG entered, the Meal Bolus process 500 calculates the
intravenous insulin rate IRR at block 530 and flows to block 532,

[6G138] At block 532 the process determines the Total Insulin Rate by adding the
newly-determined Regular Intravenous Insulin Rate (IIR) to the Revised Meal Bolus
Rate, which was determined at BG2 and remains effective throughout the whole meal
bolus time, Theatboius.

(66138} The Meal Bolus process 500 flows to block 534 where it sets the time interval
Trext to the third interval Tyjeamonsz tor the fourth meal bolus blood glucose, e.g., usually
60 minutes. In some implementations, more than 3 intervals (Thearonss, T iteaioius?
Titearnoins3) May be used. Additional intervals Theumensvmay also be used and the process
handles the additional intervals Taraponsy similarly to how it handles the third time
mterval Tyeupenss. As discussed in the current cxample, the third interval Thyramoness 18 the
fast time nterval, which ends with the measurement of the fourth blood glucose
measurement BG4,

180132  After the third time interval, Theaponss, oxpires {e.g., 60 minutes), the Meal
Bolus process 500 prompts the user 40 to enter the blood glucose value BG once again at
block 501, The Meal Bolus process 500 deterraines that the entered blood glucose value
BG 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 glacose is
the fourth blood ghicose valueBG4. In this example, the fourth blood glucose value BG4
is the last one. The process 500 then flows to block 538 where the multiplier is no longer
frozen, and the time interval Thex 18 restored to the appropriate time interval Tre, as

determined by the Timer Adjustruent process 400 (FIG. 4A). At this tirae, the Meal
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Bolus process 500 ends and the user 40 is promipted with a message indicating that the
Meal Bolus process 500 1s vo longer active.
(66133}  As shown in FIG. 4E, the process 200 provides a countdown timer 430 that
alerts the user 40 when the next blood glucose measurement 1s due. The countdown
timer 430 may be on the display 116 of the patient device 110 or displayed on the display
146 of the hospital systern 140, When the timer 430 is complete, a2 “BG Due!” message
might be displayed as shown in FIG. 4B. Moreover, the timer 430 may be a countdown
timer or a meal timer indicating a sequence of mealtime intervals {e.g., breakfast, lunch,
dinner, bedtime, mid-sleep).
(60134 In some implementations, a Mcal Bolus process 500 may be tmplemented by
the following process on a processor 112, 132, 142, Other processes may also be used.

function PreMealliIR(SPatienttD, $CurrentBG, $Multiplier,
$InsulinConcentration,

$EstCarbs, $ActualCarbs, $Timelnterval, $lusulinUnitsOfMeasure,

SMealBolusCount) {
Sitr = arvay(});
8CarbinsulinRatio = CIR($PatientiD);
$Normalinsulin = ($CurrentBG - 603 * $Multiplier;

H{$MealBolusCount == §)
{

/st run - Premeal Bolus

$MealBolus = (§EstCarbs /$CarbinsulinRatio);
if{$MealBolus <0}
{$MealBolus = 0;}

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

/%

print "Premeal: M2C 7 SMultiplicr . "<BR>";
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print {($CurrentBG - 603 * $Multiplier;
pript "+ "

print { $MealBolus *.5 };

Y,
j

) else if{ EMealBolusCount == 1){

{second run)

$Timelnterval}y/1.5;

(.

//second run Post Meal Bolus

//third run time interval coming in is actually the

/

$MealBolus = (SActualCarbs / $CarblnsulinRatio);
$OIdMealBolus = (8EstCarbs / $CarbinsulinRatio);

$CurrentMealBolus = ($MealBolus - (801dMealBolus *.5 *

f(3CurrentMealBolus <)
{$CurrentMealBolus =0;}

$1ir{ 0] = SNormallnsulin + SCurrentMealBolus ;

$iir] 21 = $CurrentMealBolus ;

/R

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

print "ActualCarbs: " . $ActualCarbs . "<BR>"};

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

print "Multiplier: " . $Multiplier;

&/
/
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$MealBolus = ($ActualCarbs / $CarblnsulinRatio),
$OldMealBolus = (SEstCarbs / $CarblnsulinRatio);
/%
print "Actual Carbs: " . $ActualCarbs . "<BR>";
print "Est Carbs: " . $EstCarbs . "<BR>";
print "CIR: " . $CarbinsulinRatio . "<BR>";
print "Multiplier: " . $Multiphier . "<BR>";
print "CurrentBG: " | $CurrentBG | "<BR>";
print "HR: " | {(($CurrentBG - 60) * SMultiplier) . "<BR>";
print "MealBolus: " . $MealBolus . "<BR>",
print "OldMealBolus: " . SOidMealBolus . "<BR>";

print "Timelnterval: " . $Timelnterval . "<BR>",

$CurrentMealBolus = ($MealBolus - (801dMealBolus *.5 *

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

$iir]0] = SNormallnsulin + $CurrentMealBolus;
$iir] 21 = $CurrentMealBolus;

/¥

print "Post PlateCheck: <BR>MX: " | §Multiplier . "<BR>";
print "HR: ",

print ($CurrentBG - 60} * SMultiplier . "<BR>",

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

print "Acutal Carbs: " . §ActualCarbs . "<BR>";

print "Old Mecal bolus: " . $0ldMealBolus . "<BR>";

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

print "Meal bolus: " . $MealBolus . "<BR>";
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print "Final Calc: " . $1ir{0];

®/
i

Nomym

if (ShnsulinUnitsOfMeasure = "units/hr™)

{

$iir[ 0] = $1ir{ 01/ SInsulinConcentration;

o

return $iir;

S on

(86135} Referring to FIGS. 2A and 6A-6B, if the user clects to initiate the SubQ
Transition process 600, the SubQ Transition process 600 determines at decision block
604 if the current blood glucose BG is within a preconfigured stability target range
BGstr, ¢.g., 70-180 mg/dl, which s usually wider than the prescribed Target Range,
BGyxr. If the blood ghucose BG 1s not within the preconfigured stability target range
BGgrr (e.8., BGrow < BG < BGpig), the SubQ) Transition process 600 at block 606
displays a warning notification on the patient display 116. Then, at lock 610, the SubQ}
Transition process 600 18 antomatically discontinued.

[66136] Referring back to block 604, if the blood ghicose BG is within the
preconfigured stability target range BGgre {2.g. 70 — 180 mg/dl), the SubQ Transition
process 600 at decision block 608 determines if the patient’s blood glucose measurement
BG has been in the patient’s personalized preseribed target range BGry for the

2., 4 bours. If the SubQ Trausition process 640

recommended stability period Tsube, €.8
determines that the blood glucose value BG has not been in the prescribed target range
BGgrg for the recommended stability period Taue, the SubQ Transition process 600
moves to block 614 where the system 100 presents the user 40 with a warning
notification on the patient display 116, explaining that the patient 10 has not been in the
prescribed target range for the recommended stability period {see FIG. 6C). The SubQ

Transition process 600 continues to decision block 618 where it deternunes whether the
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user 40 wants the patient 10 to continue the Sub() Transition process or to discontinue the
SubQ Trausition 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. 6D, If the user 40
chooses to discontinue the SubQ) Transition process, the SubQ Transition process 600
flows to block 624, where the Sub(} Transition process is discontinued.
186137} Referring back to block 618, if the user 40 chooscs to override the warning
and coutinue the SubQ Trauvsition process, the process 600 proropts the user 46 to euter
Sub(Q information 617 as shown in FIG. 6E. The SubQ Transition process 600 flows to
block 616, where the patient’s Sab{(3 Transition dose is calculated as a patient’s total
daily dose TDD. In some implementations, TDD is calculated in accordance with
equation:
TDD = QuickTransitionConstant * Myums  (15A)
where QuickTransitionConstant is usually 1600, and My, 18 the paticnt’s multiplier at
the time of initiation of the Sub{(} transition process.
[00138] Referring again to block 616, in some implementations TDD is caiculated by
a statistical correlation of TDD as a function of body weight. The following equation 18
the correlation used:
TDD = (.5 * Weight (kg) {15B)
(86139} The SubQ Transition process 600 continues to block 620, where the
recormracnded Sub() dose is presented to the user 40 (on the display 116) in the formof a
Basal recommendation and a Meal Bolus recommendation {see FIG. 6F ).
[60148] Referring again to decision block 608, if the Sub( Transition process 600
determines that the patient 10 has been in the prescribed target range BGrg for the
recommended stability period, Tsue, Sub(} Transition process 600 continues to block
612, where the patient’s total daily dose TDD is calculated in accordance with the
following cquation:
TOD = (BGrager — K} # (Mipyans) * 24 (16)
where My 18 the patient’s multiplier at the time of initiation of the SubQ transition

ProOCOss.
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(66141} In some implementations, the patient’s total daily dose TDD may be
deterrmined by the following process on a processor 112, 132, 142, Other processes may
also be used.

function getlV._TDD{8PatientiD)

//$weight = getOncField{"weight”, "patients”, "patientID", §PaticntiD);

/fretarn Sweight/2;

$CI = get_instance(};

$Ci->load->model{'options’),

$d = $Cl->options->Getl VTDDData($Patienti D);
$TargetHigh = $d["TargetHigh"};
$Targetlow = Sdf"TargetLow"];

SMultiplier = 8d["Multiplier"};

$MidPoint = (§TargetHigh + $Targetbow}/ 2;
$Formula = (§MidPoint - 60} * $Multiplier * 24;

return $Formula;

1801421 Wheuo the patient’s total daily dose TDD 1s calculated, the SubQ Trausition
process 600 continues to block 620 where the recommended Sub(} dose is presented to
the user 40 as described above. The SubQ Transition process 600 continues to block 622,
where the SubQ Transition process 600 provides information to the user 40 inchuding a
recommended 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 TransitionRunTimeNe,
usually 4 hours. At this point, norraal calculation rules governing the IR are still in
effect, wncluding the jutravenous IR timer (Tioer Adjustroent process 400), which

contimues to prompt for blood glucose tests at time intervals Tex as described
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previgusly. The SubQ Transition process 600 passes to decision block 626, which
determines whether the recoromended time interval TransitionRunTime has elapsed, e.g.,
4 hours, after which time Sub{Q} Transition process 600 continues to block 630, providing
the user with subcutancous msulin discharge orders and exiting the IV Insulin process in
block 634,

[86143] Referring back to FIG. 2A, in some implementations, the subcutancous
program (at block 226} inchudes six sub programs: a subcutaneous standard program
{(F1GS. 9A-98); a subcutancous for tube-fed patients Program (FI1G. 10); a subcutaneous
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 subcutancous program for non-disbetic
patients {FIG. 14). Some functions or processes are used within the six subcutaneous
programs such as deternuning the general and pre-meal correction (FIG. 7), determining
the adjustment factor AF (FIG. B}, and hypoglycemia treatment.

180144} Referring to FIG. 7, correction boluses CB are used in the six subprograms of
SubQ program (block 226, FIG. 2}; because of this, correction boluses CB roay be
incorporated into a function having variables such as the blood glucose measurement BG
of a patient 10, a patient’s persoualized target blood glucose BGrage, and a correction
factor CF. Thus, correction boluses CB are described as a function of the blood glucose
measurement BG, the target blood glucose BGrage, and the correction factor CF {sce EQ.
19 below). The process 700 calculates the correction bolus CB imimediately after a blood
glucose value BG of a patient 10 is measured. Onee 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 ghucose value BG s measured and used to calculate the correction bolus
CB.

(60145}  In some examples, the process 700 may determine the total daily dose TDD of
msulin once 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 cxamples, the total daily dose TDD 18 calculated more frequently
and considers the total datly dose TDD within the past 24 hours. The process 700

provides a timer 702, such as a countdown timer 702, where the timer 702 determines the



o2

WO 2015/116397 PCT/US2015/011559

time the process 700 executes. The timer 702 may be a count up timer or any other kind
of tumer. When the timer 702 reaches s expivation or reaches a certain fime {e.g., zero
for a countdown timer 702}, the timer 702 executes the process 700. The counter 702 is
used to determine at what time the process 704 calculates the total daily dose TDD. It'the
counter is set to 24 hours for example, then decision block 704 checks if the time has
reached 24 hours, and when it does, then the process 700 caleunlates the total daily dose
TDD of insulin, The correction bolus process 700 determines a total daily dose of insulin
TDD, based on the following equation:
TBD = Sum over previous day {all basal + all roeal boluses + all correction boluses) (173
[86146]  After the process 700 determines the total daily dose TDD of insulin at block
706, the process 700 determines a Correction Factor CF immeediately thereafter at block
710, using the calculated total daily dose TDD from block 706 and Eq. 17. The
correction tactor CF is deternuned using the following equation:
CF=CFR/TDD {18)

where CFR is a configurable constant stored in the non-transitory memory 24, 114, 144
of the systern. 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 configurable by the hospital, nurses and doctors. The flexibility of
modifying the correction constant CF, gives the system 100 flexibility when g new
published configurable constant CFR is more accurate than the one being used. In some
examples, the configurable constant CFR 18 a configurable constant sct to 1700, other
values may also be available. In some examples, the total daily dose TDD and CF are
determined once per day {e.g., at or soon after midnight}.
(66147}  Once the correction factor CF 1s deterroined in EQ. 18, the process 700
determines the correction bolus insulin dose at block 714 using the following equation:

CB = (BG ~ BGryger) / CF (19)
where BG is the blood ghicose measurement of a patient 10 retrieved at block 712,
BGrage 18 the patient’s personalized Target blood glucose, and CF 1s the correction
factor. The process 700 returns the correction bolus UB at block 716. Rapid-acting

analog insulin is currently used for Correction Boluses because it responds quickly to a
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high blood glucose BG. Also rapid acting analog insulin is currently used for meal
boluses; it is usually taken just before or with a meal (injected or delivered via a pump).
Rapid-acting analog insulin acts very quickly to minimize the rise of patient’s blood
sugar which follows cating.
[88148] 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-mocal Correction Bolus equation (19) there 15 no veed to account for Remaining
Insulin Ipe,, because sufficient time has passed for almost all of the previous meal bolus
to be depleted.  However, post-prandial correction boluses (after-meal correction
boluses) are employed much sooner after the recent meal bolus and use different
calculations, that account for remaining insulin Ip., that remains in the patient’s body
after a recent meal bolus. Rapid-acting analog insulin is generally removed by a body’s
natural mechanisms at a rate proportional to the insulin remaining Inen in the patient’s
body, causing the remaining insulin Ige, in the patient’s body to exhibit a negative
exponential time-curve. Manufacturers provide data as to the lifetime of their insulin
formulations. The data usually includes a half-life or mean lifetivoe of the rapid-acting
analog insulin. The half-life of the rapid-acting analog insulin may be converted to mean
tifetime LifeRapid for rapid-acting tusulin by the conversion formula:

iLifeRapid = Half-life * In{2) (20)
where In{2} 1s the natural logarithm {basc ¢} of two.
(66149}  The present invention uses the mean lifetime iLifeRapid in its formuidas (EQ.
20). Sinee the manufacturers and brands of insulin are few, the system 100 maintains the
Half-life or iLifeRapid vahie of each insulin manufacturer up-to-date.
[8815¢] The insulin remaining in the patient’s body Remaining Insulin fpen 18
deterrmined by multiplying the most recent msulin bolus {Meal Bolus, Correction Bolas,
or combined bolus} times a time-dependent exponentially-declining factor as follows:

-

Tourrent TP'revi::zus\i
Y

Irem = (Previous Bolus)xe \  iifeRapid /=

- s - NI Teurrent = Previous e N
{(Previous Bolus) * E);P(m( e L )) (213
iLifeRapid ’ o

where Toumen 18 the current time, and Trevnons 18 the time at which the last bolus was

given to the patient 10, The Post Meal Correction bolus CBpos 15 calculated sivotlar to an
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ordinary correction bolus CB (EQ. 19} with a deduction of the remaining insulin Igey in
the paticot’s body:

Tcurrens™ TPre'uimw\
7

(BG—BGrarget) . - et AL
e 8 (Previous Bolus)e i eRapia

CF

CBpost = (22)
(66151}  In some examples, Post Meal Correction doses CBpoo (EQ. 22) are taken into
counsideration only tf they are positive (units of insulin), which means a negative value
post meal correction bolus CBp,y cannot be used to reduce the meal bolus portion of a
new combined bolus.

(86152} Referring to FIG. 8, the process 8O0 describes a function that determines an
Adjustment Factor AF based on an input of a Governing Blood GlucoseBGgov. The
Adjustment Factor AF is used by the six subcutaneous subprograms: a subcutaneous
standard program (FIGS. 9A-9B}; a subcutancous for tube-fed patients Program (FIG.
10); a subcutancous prograr without rocal boluses (F1G. 11); a meal-by-weal
subcutaneous program without carbohydrate counting (FIG. 12); a meal-by-meal
subcutaneous program 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 insulin adjustment process 800, applied to Basal
doses and Meal Boluses, determines an adjusted Recommended Basal dose RecBasal, or
a Recornmended Meal Bolus RecMealBol, by applying a unit-less Adjustment Factor AF
to the preceding recommendation of the same dose RecBasaly.,, or RecMealBoly.,. All
dose adjustments are governed by a Governing Blood Glucose value BGyoy. The
Governing Blood Glucose values BGyy 10 the process are selected based on the critena 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 wnsulin o be observable and measurable in the
value of the BGyo..

[80153] At block 802, the adjustment factor process 800 receives the Governing
Glucose value BGg. from non-transitory memory 24, 114, 144, since the adjustment
factor AF is determined using the Governing Glucose value BGy,.. To deternune the
adjustment factor AF, the adjustment factor process 800 considers the blood glucose
target range BGrg (within which Basal doses and Meal Boluses, are not changed), which
is defined by a lower himait, 1.¢., a low target BGrre and an upper hinit, 1.e., a high target

BGrpu. As previously discussed, the target range BGorg 18 determined by a doctor 40 and
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entered manually {(e.g., using the patient device 110 or the medical record system 140,
via, for example, a drop down meou list displayed on the display 116, 146). Each target
range BGrg is associated with a set of configurable constants including a first constant
BGary, , a second constant BGapyy , and a third constant BGapy; shown 1n the below

table.

Target Range Settings
input Ranges BGar, | BGrry | BGyry | BGarm | BGaynz
76-10¢ 78 78 100 140 IR0
80-128 80 80 120 160 200
106-140 78 160 148 180 220
126-160 94 120 160 200 240
140-180 110 140 180 220 260
Table |

(66154} The adjustment factor process 800 determines, at block 804, if the Governing
Glucose value BGgoy 15 less than or equal to the first constant BGar (BGgovw <= BGar),
if so then at block 806, the adjustment factor process 800 assigns the adjustment factor
AF to g first pre-configured adjustment factor AFT shown in Table 2.

[60155]  If) at block 804, the Governing Glucose value BGg.y 18 not less thao the first
constant BGayy, {L.e., BGyw > BGayy), then at block 808, the adjustment factor process
800 determuues if the Governing Glucose value BG,,, 1s greater than or equal to the first
constant BGapy and less than the low target BGryprp of the target range BGg (BGarp <
BGgow < BGrgrp). I so, then the adjustment factor process 800 assigns the adjustment
factor AF to a second pre-configured adjustment factor AFZ, at block 810, If not, then at
block 812, the adjustruent factor process 800 determines if the Governing Glucose value
BG,oy 18 greater than or equal to the low target BGrre of the target range BGrp and less
than the high target level BGyry of the target range BGra (BGr € BGyow < BGray). If
so, then the adjustment factor process 800 assigns the adjustment factor AF to a third pre-
configured adjustment factor AF3, at block 814, 1f not, then at block 816, the adjustment
factor process 800 determines if the Governing Glucose value BGy,, s greater than or

equal to the high target level BGrrn of the target range BGrp and less than the second
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constant BGapn (BGrrn € BGaov < BGagn). If so, then the adjustment factor process
8O0 assigns the adjustruent factor AF to a fourth pre-configured adjustroent factor AF4, at
block 81R. If not, then at block 820, the adjustment process 800 determines if the
Governing Glucose value BGg,y 18 greater than or equal to the second constant
BGapmand less than the third constant BGarm (BGarm £ BGgov < BGarm). fso, then
the adjustment factor process 800 assigns the adjustment factor AF to a fifth pre-
configured adjustruent factor AFS, at block 822, I not, then at block 824, the adjustment
process 800 determines that the Governing Glucose value BG,,. s greater than or equal
to the third coustant BGarm (BGue 2BGarm); and the adjustiuent factor process 800
assigns the adjustment factor AF to a sixth pre-configured adjustient factor AF6, at
block 826, After assigning a valuc to AF the adjustment factor process 800 returns the
adjustment factor AF to the process requesting the adjustment factor AF at block 828

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

Configurable values for Adjustment Factor AF

AF1 = .8
AF2 = 0.9
AF3 = i

AF4 = i
AFS = 1.2
AF6 = 1.3

Table 2

[86156] In some examples, a patient 10 may suffer from hypoglycermia during the
execution of the process 200, Hypoglycemia treatment may be needed in the Infravenous
process 300 (FIGS. 3A and 3B} and 400 (FIG. 4A) or in the Subcutancous process 900
(FIGS. 9A and 9B). The process 200 includes a sub-process that monitors the current
blood ghicose value BG of a patient 10 and determines if it is less than a hypoglycemia
threshold Gy, (configurable by the hospital or doctor). If the current blood glucose
value BG is less than the hypoglycemia threshold BGg,. , @ warning message is
displayed on the display 116, 146 warning the patient 10, the nurse and the doctor 40 of
the patient’s condition, the value of the low current blood glucose value BG, a reminder

to turn off the insulin (if the hypoglycemia event occurs in the IV Process (FIG. 2)), and a
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sclector that allows the nurse or doctor 40 to select the type of glucose administered to
the patient 10, Some of the selections include: Intravenous D30 (50% glucose by weight)
it the patient 10 has an intravenous connection; and Oral glucose (tablets or gel). Once
the nurse or doctor 40 enters, using the patient device 110 or the medical record system
140, a type of glucose to be administered to the patient, the process 200 calculates a dose
recormraendation {or prescribed dose) and displays the calculated dose on the display 116,
146. Moreover, the process 200 prorapts the nurse or doctor 40 to input via the patient
device 110 or the hospital device 160, the dose Dy, administered to the patient 10 to
treat the hypoglycemia by grams of ghicose may be deterroined based on the following
equation:

Diypo (it grams) = Fryporrcatment * {BGrageet — BG) (23)
where BGrp 1s the blood glucose target range and Fuypotiestment 18 @ hypoglycemia
treatraent factor that is a configurable constant. In some exarples, the hypoglycemia
treatment factor Fuypotreament €quals 0.2 {glucose gm/(mg/dh)).
188187}  If the nurse or doctor 40 selected a solution (e.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
Criyperiuidtone 10 the fluid 1o {grams of glucose /mi} to obtain the recomroended dose in
units of solution volume {e.g., ml}. The formula is:

Do (inmly = (BGre — BG) * Fayporweatment / Chyporiuidcone (24}
For D350, the hypoglycemic fluid concentration is 0.5 grams of glucose/ml.
[86158] Referring to FIGS. 2A and 9A-9B, if the user 40 mitiates a subcutancous
sulin process 900 at block 210 or block 600, also referred to as a Standard SubQ
Program, the subcutancous insulin process 300 requests the user 40 to enter SubQ
information 617 for the patient 10, such as patient diabetes status, subcutaneous type
ordered for the patient 10 {c.g., Basal/bolus and correction that is intended for patients on
a consistent carbohydrate dict, or Basal and correction that is intended for patients who
are NPQ or on continuous eternal feeds), total daily dosage (TDD) (e.g., calculated using
any of EQs. 15A-15C), bolus insulin type (e.g., Novolog), basil insulin type (¢.g., Lantus)
and frequency of distribution {e.g., 1 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
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distribution {¢.g., breakfast bolus, lunch bolus and dinner bolus}, or any other relevant
information . In some implewentations, the paticot SubQ information 617 is
prepopulated with default parameters, which may be adjusted or medified. in some
examples, portions of the patient Sub() information 617 is prepopulated with previously
entered patient subcutaneous information 216a. The subcutaneous insulin process 9500
may prorupt the request to the user 40 to cuter the Sub() information 617 on the display
116 of the patient device 118, In some implementations, the subcutaneous nsulin
process 300 prompts the request to the user 40 to enter the Sub(} information 617 on the
display 116 of the patient device 110 for new SubQ patients after transitioning frow
being treated with an intravenous treatment as shown in FIG. 9C. For instance, the user
40 may sclect whether or not to continue treating the paticnt with the subcutancous
insulin process 300, In other implementations, the subcutaneous insulin process 900
prompts the request on the display 116 for a custom start of new Sub(} patients being
treated with the subcutaneous insulin process 900 shown in FIG. 9D, In some examples,
the subcutancous insulin process 900 prompts the request on the display 116 for a weight-
based start of Sub(Q patients being treated with the subeuataneous insulin process 900 as
shown in FIG. 9E. For instance, the user 40 may input the weight (e.g., 108 kg) of the
patient 10, and in some examples, the TDD may be calculated using EQ. 15B based on
the patient’s weight.

(66159} Basal msulin is for the fasting insulin-needs of a patient’s body. Thercfore,
the best indicator of the effectiveness of the basal dose is the value of the blood glucose
BG after the pationt 10 has fasted for a period of time. Mcal Boluses are for the short-
term needs of a patient’s body following a carbohydrate-containing meal. Therefore, the
best indicator of the effectivencss of the Meal Bolus is a blood glucose measurement BG
tested about one mean insubin-lifetime 1LifeRapid after the Meal Bolus, where the
lifetime 18 for the currently-used insulin type. For rapid-acting analog insulin the lifetime
is conveniently similar fo the time between roeals. The SubQ process 900 begins with the
manual entry of a blood glucose value BG at block 902, Then the SubQ process 900
determines the type of the blood glucose value BG, 1.e., the time that the blood glucose

BG is measured, ¢.g., midsleep, breakfast, lunch, dinner, or bedtime. In some examples,
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the subcutancous insulin process 900 inchudes a default sctup of three meals per day, but
a bedtime snack or other additional roeals may be configurable.
1661681 At block 904, the subcutaneous insulin process 900 determines if the blood
glucose type BGiype 18 Midsleep (measured during a patient’s midsleep). If so, then the
subcutaneous insulin process 900 calculates a midsleep correction dose CBusigsieep 0F
msulin at block 914, using the following equation (based on EQ. 2}
CBuidgsteep ™ { BGyidsicep — BUOTarget/CF; {25)
or by the Correction Bolus Function, process 700, (FIG 7), and sends the blood ghicose
value BG at midslecp BGuasieep (received at block 902) to block 942,
[08161]  If the entered blood glucose BG is not measured during midsleep, i.e., BGype
is not equal MidSleep, then the subcutancous insulin process 900 determines if the blood
glucose type By, is measured during breakfast (BGy,e = Breakfast) at block 906. I se,
then the subcutancous insulin process 900 calculates a breakfast correction dose
CBpreakna 0F insulin at block 916, using the following equation (based on EQ. 2}
CBproastast = (BGareantast — BGaree)/CF; (26)
and the patient 10 is administered the breakfast correction dose CBpreakiast 88 SOOT 88
possible. Block 906 sends the blood glucose value BG at breakfast to block 924 and
block 9530, At block 924, the nurse 40 administers the patient 10 with the breakfast bolus
RecBreakBol uneny ). and then passes the breakfast blood glucose BGyresn to block 936
{where the next Recommendation Broakfast bolus is calculated after the lunch BGtype is
entered). Once the funch blood glucose is entered at block 902, and the adjustment factor
parameter AF based on the lunch 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
recommmended Breakfast Bolus RecBreakBolne based on the following equation:
RecBreakBolyexy = (RecBreakBolumeny) * AF (27}
At block 950, the subcutancous insulin process 200 determines if the breakfast blood
glucose BGpakas has been tested, if not then the subcutaneous insulin process 900
biocks basal recommendation, and posts a warning, displayed on the display 116, 146, to
the patient 10, nurse and doctor 40 at block 954 and is stored in the non-transitory
memory 24, 114, 144 at block 954. However, if the breakfast blood ghicose BGpamis

has been tested, then the subcutancous insulin process 900 selects, at block 942, the
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Governing blood glucose BGyov as the lesser of the two blood glucose values, i.¢., the
midsleep blood ghucose BGuiasieep 0F the breakfast blood glucose BGyieans, a8 shown tn
the following equation:

BG,ov (for Basal adjustment) = MIN(BGusigsteep 0t BGrieastast) (28}
{08162  Insome implementations, the governing blood ghacose BG,,. for Basal is the
lesser of the MidSicep blood glucose BGusigsiee, oF the breakfast blood glucose BGauasus
anless the system 100 determines that the MidSleep blood glucose BGusasiesp caused a
Correction bolus dose CB greater than a maximum value (MSCorrMAX), and the
following equation applies:

{Time of BGpueasast — Time of BGugsieep Correction dose ) < DTmin (29)

where DT 1S a preset time window. In other words:
{
iF {{TbreakfastBG — TMSCorr} > DTmin} AND
{MidSleep Correction > MSCorrMAX} THEN
{BGgov for Basal} = MAX{ pre-breakfastBG, MidSleepBG}
ELSE {BGgov for Basal} = MIN{pre-breakfastBG, MidSleepBG}

(68163}  After determining the governing blood glucose B, the subcutaneous

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 BG,,.. The subcutancous insulin process 200 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 RecomBasalpy) * AF, (30)

and the nurse 40 give the patient 10 the Recommended basal dose RecomsBasal at block

948.

166164}  In some implementations, where the patient 10 receives multiple Basal doses

per day, the subcutancous insulin process 200 provides the patient 10 with equal doses
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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 Breakfast BG has been tested.
[86165] For meal Bolus adjustrnents, the adjustment is applied to the meal bolus of the
same meal of the previous day (lnown as the Governing Meal Bolus MBg,.). An
equivalent statement is that the next day’s meal bolus 1s the adjustment applied to the
current meal bolus. The adjustment s based on the Governing Blood Glucose BGg,
which is the next scheduled blood glucose BG, following the Governing Meal Bolus
MB,ov. The adjustment value ts deterrained by the Adjustroent Factor process 800 (FIG.
83, whose input is the Governing Blood Glucose By, and whose output is the
adjustment factor AF. The adjustment factor AF is multiplied by the Governing Meal
Bolus MBg., to obtain the adjusted Recommended Meal Bolus RecMealBol.
(608166}  If cither the governing blood glucose BGg. or the governing meal bolus
MB,v is missing, then the previous day’s Recommended Meal Bolus RecMealBol,., is
kept in place.
(86167  The Sub{ process 900 1s designed with three meals during the day, Breakfast,
Lunch, Dinner. Considering the lunch as the meal, after the blood glicose BG is
manually entered at block 902, the Sub{(} process 900, at block 908, deterraines that the
blood glucose type, BGyyp. 18 lunch, Le., BGruua . the SubQ process 900, at block 918
determines the correction dose based on the following equation (based on EQ. 2):;
CBrumes = (BGruen — BGrage} / CF, (31}
[88168]  Once the Sub(} process 900 determines the correction dosc, the dose 18
displayed on the display 114, 146 so that the nurse 40 can administer the dose to the
paticnt 1 as soon as possible.
[66169] The current Recommended Lunch Bolus is available at block 962; 1t has been
available since the previous day’s Dinner BG. This current Recommended Lunch Bolus
is displayed on the display, and the nurse gives the Lunch Bolus ReclonchBoleypen at
block 926. The Sub{} process 900 does not determine a new recommended dose untif the
Dhnner blood glucose is tested at block 910, Then the dinner blood glucose BG serves as
the B, for the Lunch Bolus and the SubQ process sends the BGg.. to block 932, which

1s the input/output box of the adjustment factor process 800, The adjustment factor
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process SO0 returns the adjustment factor parameter AF, which is in turn sent to block
938. At block 938, the process determines the Next Recommended Lanch Bolus,
RecLunchBoly.« based on the following equation:

RecLunchBolyew = RecLunchBolegyen ¥ AF (32)
[3817¢] The other meals, Breakfast and Dnnner follow the same pattern as the example
of Lunch set forth above.
(66171}  Counsidering dinner as the maeal, after the blood glucose BG is manually
entered at block 902, the Sub(} process 900, at biock 910, determines that the biood
ghucose type, BGyype 1s dinner. The SubQ process 900, at block 920 deterraines the
correction dose based on the following equation {(based on EQ. 21

CBuinner = (BGpinner — BGrarger) / CF, {33)
(86172}  Once the Sub(Q process 900 determines the correction dose, the dose i3
displayed on the display 116, 146 so that the nurse 40 can administer the dose to the
patient 1{ as soon as possible.
[00173] The current Recommended Dinner Bolus RecDimnerBoluseyw.w 18 available at
block 962; it has been available since the previous day’s Bedtime blood glucosepadime.
This current Recommended Dinner Belus is displayed on the display, and the nurse gives
the patient 10 the recommended Dinner Bolus RecDinnerBolus e at block 928, The
Sub{} process 900 does not determine a new recommended dose RecomBolus until the
bedtime blood glucose is tested at block 912, Then the bedtime blood glucose BG serves
as the BGgov for the dioner Bolus and the SubQ process sends the BGgov to block 934,
which 1s the input/output box of the adjustment factor process 800, The adjustment
factor process 800 returns the adjustment factor parameter AF, which is in furn sent to
block 940, At block 940, the process 900 determines the Next recommended Dinner
Bolus RecDinnerBolusueq based on the following equation:

RecDinnerBolusye, = RecDinnerBoluscypen * AF (34}

106174] When the SubQ) process 900 determines that the blood glucose BG type BGiype
is bedtime BGpeaume (1.2., the blood glucose BG is taken at bedtime) at block 912, the
SubQ process 900 determines at block 922 the correction dose (based on EQ. 2):

CBBsdtimt‘, == (Eg(:iBe'dtirris BGnget) "/ CF, (35 )
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[88175]  As previously mentioned, the SubQ process 900 is configurable to add
additional blood glucose BG measurements having blood glucose type BGyyp. of
miscellancous, as shown in block 956, The Sub{} process 900 determines a correction
dose at block 93§,

RecMiscBolusnes = (RecMiscBoluscumen) * AF (36}
[86176] FIG. 10 shows the Sub(y for Tube-Fed Patients process 1000 for critically il
patients who are ordered nil per os (NPQ), which means that oral food and fluids are
withheld from the patient 10. This process 1000 is designed specifically for patients 10
who are recetving a nutrition forroula via a tube to the stomach or intravenous TPN (fotal
parenteral nutrition). TPN is when the patient 10 is only receiving nutritional benefits
mtravenously. Neither TPN nor Tube-Fed paticnts reguire mesl boluses becausce they are
not cating meals. Instead, they are given equal boluses of Rapid-Acting insulin at
cqually-spaced scheduled tiraes around the clock to meet the continuous insulin needs of
their continuous tube-feeding or TPN nutrition; these boluses are calied Equal-Boluses
{EgBolus).
[68177F  SubQ for Tube-Fed Patients process 1000 allows the nurse or doctor 40 to
divide the day into equal intervals, via the display 110, 140, In addition, the nurse or
doctor 40 can choose the number of scheduled blood glucose rmeasurements BG per day,
which equals the number of intervals per day. Each interval includes a scheduled blood
ghacose rcasurcment BG and an Equal-Bolus EqBolus. The scheduled blood glucose
times are: Tsched1; Tsched2; Tsched3... ete., with associated blood glucoses BGE; BG2,
BG3.. cte. The SubQ) for Tube-Fed Patients process 1000 displays the time and BG
number of the next-scheduled biood glucose, via the display 110, 140 at block 1040,
Optionally, the SubQ} for Tube-Fed Patients process 1000 may employ a countdown timer
1050 to obtain the blood glucose measurements BG at the proper times,
[6G178] To prevent the BG schedule from “migrating around the clock-face”, the
following method 1s used: The Sub(} for Tube-Fed Patients process 1000 determines if
the time at which the blood glucose BG was measured BGry, falls within one of the
intervals listed above. If so, then the countdown timer 1050 13 set {o time-out on the next
scheduled blood glucose time Tsched !, Tsched?, Tsched3, ... etc. Each interval is

configured with a start tiroe roargin (Mawq) and an end time margin (Mgpaq). The Sub(} for
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Tube-Fed Patients process 1000 may be summarized as follows:

IF [{Toched — Mgt } < BGrime <= { Tscheat T Mpna)l THEN Set countdown timer to time-
out at Tychears

IF [{Tiched2 — Mstart} < BGrime <= { Tschedz + Mipna} 1 THEN Set countdown timer to time-
out at Tiepeqs ... and so on.

in some examples, where there are four intervals configured, then the last interval’s logic
is as follows:

251F  {[{Tcheds — Msuart) < BGime < { Tacheas + Mena}], THEN Set countdown timer to
time- out at Tscpedr.

(86179} In some implementations, the SubQ for Tube-Fed Patients process 1060
provides two blood ghicose schedule plans: Six blood ghicose BG tests per day; or four
blood glucose BG tests per day.  The nurse or doctor 40 can select which onc touse fora
specific patient10. The first blood glucese plau for six blood ghucose measurements per
day inchudes the following details: each scheduled blood glucose measurement is four
hours apart from the next, ¢.g., 00:00, 04:00, 05:00, 12:00, 16:00, and 20:00, with a start
margin M of 2 hours and an end margin Meng 0f 2 hours, If a blood glicose
measurement BG falls within the interval(l) from {Tichead) — 2 hirs} 0 {Tuocnea(1) + 2 hus}
the Countdown Timer is set to expire on the next scheduled time, Togpea (H1).

100186} The second blood ghicose plan for four blood ghucose measurements per day
is shown 1o FIG. 10, FIG. 10 further shows a miscellancous blood glucose measurerment
that is 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 Mg, of 4 hours
and an end margin M.y of 2 hours. If a the blood glucose measurement falls within the
mterval (i) from {Tanea(i) — 4 hrs} © {Tgea(1) + 2 hrs} the Countdown Timer is set to

expire on the next scheduled BG Tunea(i+1). All four of the blood glucose BG tests.

Blood Glucose Measurement every 6 hours

Start Margin (Mguy) | 4 hours

End Margin {Mgag) 2 hours
Tsuhed 1 00 : ()0
T sch ed2 06:00
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Tsched?'i 12:00
Tschedi‘? 18:00
Table 3

180181} The SubQ for Tube-Fed Patients process 1000 starts with a manual blood
ghacose measurcrent 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 is a “Scheduled BG” or a miscellancous {*Misc”) blood glucose test that is not
scheduled. I the user chooses “Misc”, then the SubQ for Tube-Fed Patients process
1000, at block 1012, assigns a value of “Misc” to the field BGype and records the date-
timae starap (“Recorded time”). At block 1030, the Sub(} for Tube-Feeding process 1000
determines a correction dose CB for the manual blood glucose measurement, using EQ.
2. The Sub(} for Tube-Feeding 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,
[66182] Returning to block 10RQ, if the user chooses “Scheduled BGY, the SubQ for
Tube-Fed Patients process 1000 determines, at block 1004, if the blood glicose time
BGrime 18 within the interval from (Tshea! — Mgt} 10 (Tscheal+ Mpna). If the blood
glucose measurement time BGriy. 1S within the interval, 1.e., (Tuhedt— Msun) < BGrige
{Tscrea 1+ MEng), then the Sub(} for Tube-Fed Patients process 1000, at block 1014,
assigns the value “BG17 to the ficld BGiype, resets the countdown timer t0 Tepeq 2 and
displays a reminder of the next BG time on the display 116, 146 at block 1040, Then,
the Sub(} for Tube-Fed Patients process 1000, at block 1022, determines the correction
dose CB based on the blood glucose value BGI, using EQ. 2:

CB = (BG — BGraet}/ CF (2)

or using the Correction Dose Function, process 700. The SubQ for Tube-Feeding process
1600 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 Paticnts process 1000, at block 1044,
uses the blood glucose value BG1 as the governing BG for adjusting the value of the four

Equal-Boluses (EqBolus}). Specifically, at block 1044, the SubQ for Tube-Fed Patients
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process 1000 uses the blood glucose value BG1 as the input value BGgov for the
Adjustroent Factor (AF) function for determining a valoe for the AF. The Sab( 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 1048, determines a
new value for the Recommended Equal-Bolus (e.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-Feeding process 1000 displays the Recommended Equal-
Bolus (EqBolus) on the display 116, 146, to the patient 10, murse and doctor 40 at block
1040 and stores the value in non-transitory memory 24, 114, 144 at block 1042.

(801831 However, if at block 1004 the SubQ for Tube-Fed Patients process 1000
determines that the blood glucose measurement time BGrn, 18 not within the interval
from {Ticheal = Maun) 10 {Ticnea -+ Mpaa), the Sub(} for Tube-Fed Patients process 1000
determines if the blood glucose measurement fime BGrime s within a second interval
{Tsened? —Mgiar) 10 {Taped2 + Mupg) at block 1006, and if so, then the SubQ) for Tube-Fed
Patients process 1000 at block 1016 assigns the value “BG2” to the field BGtype, resets
the countdown timer 10 Tanea3 and displays a reminder of the next BG time on the
displayv116, 146 at block 1040. Then, the Sub{} for Tube-Fed Patients process 1000, at
block 1024, determines the correction dose CB based on the blood glucose value BG2,
using EQ. 2 or using the Correction Dose Function, process 700,

(80184} The SubQ for Tube-Feeding process 1000 displays the correction dose CB on
the display 116, 146, to the patient 10, vurse and doctor 40 at block 1040 and stores the
value in non-transitory wemory 24, 114, 144 at block 1042, Additionally, the Sub( for
Tube-Fed Patients process 1000, at block 1036, uses the blood glucose value BG2 as the
governing BG for adjusting the Basal dose. Specifically, at block 1036, the SubQ for
Tube-Fed Patients process 1000 uses the blood glucose value BG2 as the input value
BGgov for the Adjustment Factor (AF) function for determining a value for the AF.
[80185]  The SubQ) for Tube-Fed Paticnts process 1000, at block 1056, retricves the
last Basal dose of the previous day RecBasaly g from memory 24, 114, 144, and at block
1058, determines a current day’s Recoromended Basal Dose RecBasal by multiplying
the AF value by the RecBasaly .y, as follows:

RecBasal = {(RecBasal o) ¥ AF (37)
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The SubQ for Tube-Feeding process 1000 displays the RecBasal 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,

[86186] However, if at block 1006 the SubQ for Tube-Fed Patients process 1000
determines that the blood glucose measurement time BGrine 18 not within the interval
from (Techea? — Mawr) 10 {Tcnea2+ Mgpaa), the Sub( for Tube-Fed Paticuts process 1000
determines if the blood glucose measurement time BGryp 18 within a third interval
{Tsonead Mg 10 {Tanea3 + M) 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 tirner to Tanead 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,

[86187] However, if at block 100¥ the SubQ for Tube-Fed Patients process 1000
determines that the blood glucose measurement time BGrime 18 not within the mterval
from (Tscnea3 — Msuan) 10 {Techea3 T Mipng), the SubQ for Tube-Fed Patients process 1000
determines if the blood glucose measurement time BGrige 15 within a fourth interval
{Tsenedd ~Masien) 16 {Tanead + Mane) at block 1010, and if so, then the Sub( for Tube-Fed
Patients process 1000 at block 1020 assigns the value “BG4” to the field BGtype, resets
the countdown timer t0 Tyeq! and displays a reminder of the next BG time on the
display 116, 146 at block 1040, Then, the Sub(} for Tube-Fed Patients process 1000, at
block 1028, determines the correction dose CB based on the blood glucose value BG4,
using EQ. 2 or using the Correction Dose Function, process 700.

(66188} FIG. 11 describes a Sub(} Without Meal Boluses process 1100, where the
blood glucose measurements BG are deferred until after the meals, resulting in large
after~-meal correction boluses that mcorporate fsulin to cover the weals. The SubQ
Without Meal Boluses process 1100 divides the day into intervals that may be of equal
duration ot unequal duration. Each interval jncluades a scheduled blood glucose
measurement BG. In some examples, the SubQ Without Meal Boluses process 1100
includes five blood ghicose measurements BG per day. The Sub(} Without Meal Boluses

process 1100 may be configured to include other numbers of time intervals. In addition,
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the Sub(} Without Mecal Boluses process 1100 includes configurable blood glucose BG
measurement times. In some examples, the weasurement schedule meludes blood
glucose measurements BG places about one to three hours after regular mealtimes, which
1$ an appropriate timing for post-meal correction.

(30189 The scheduled Blood glucose measurement times B times are named with a
Taehed®, Tocneals Taenea? €tc. The Time-intervals are marked by Tirne Boundaries, named
“Toound  with numbered sabscripts. These time-values are configurable. An example of

default times are shown in the following table:

Default Times
Toounao = 0:00 BGsigsteep: Tschear = 03:00
Thounas = 05:00 BGrefors Rreafast 1 sched2=07:00
Thoundz = 08:00 BG A fier reaktast: Lschear=10:00
Thounaz = 11:00 BGagertunch: Tscheas=15:00
Thomas = 18:00 BGgediime? Tocheas™22:00
Table 4

(88198}  Similar to the SubQ for tube-fed patients process 1000 (FIG. 10), the Sub(Q
Without Meal Boluses process 1100 (FIG. 11) includes a countdown timer 1001 used to
obtain the blood glucose BG tests at the proper times,

(66191} To prevent the BG schedule from “migrating around the clock-face”, the
following method is used:

1861921  The SubQ Without Meal Boluses process 1100 determines if the time at which
the blood ghicose BG was measured BGruy,. falls within one of the intervals. If so, then
the countdown timer is set to time-out on the next interval’s scheduled blood glucose
measurement Toneds | sched2, Lscheds - 1€, This can be thought of as a “snap-to-the-
schedule” feature. Each interval is configured with a start time margin {Msuq) and an end
time margin {Mgag). The SubQ Without Meal Boluses process 1100 may be summarized
as follows:

IF [Tooundo < BGrime < Toomar |, THEN Set countdown timer to time-out at Tsepeaz

IF [Thounat < BGrime < Thomaz); THEN Set countdown timer to time-out at Topeas

IF [ Tooundz < BGime < Toounaz}; THEN Set countdown timer to time-out at Tyheqs

~
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IF [Toounds < BGime < Toounas); THEN Set countdown timer to time-out at Teeds

IF [Toomas < BGOrime < Toouao)s THEN Set countdown timer to time~-out at Teepeat

[86193]  The SubQ Without Meal Boluses process 1100 starts with a raanual blood
ghicose measurement BG entry accompanied by the blood glucose measurement time
BGryime at block 1102, Then at block 1104, the Sub(y Without Meal Boluses process 1160
determines if the blood glucose measurement time BGrpime 1s within the interval from
Thounde 10 Toounar. If the blood glucose measurement time BGrype 1s within the interval,
2., Thoundo < BGTime < Thouna1, then the SubQ Without Meal Boluses process 1100, at
block 1114, rescts the countdown timer t0 TypeaZ. Then the SubQ Without Meal Boluses
process | 100, determines a correction dose CB at block 1122, using EQ. 2.

166194} However, if at block 1104 the Sub(} Without Meal Boluses process 1100
determunes that the blood glucose measurement timne BGrig, 18 not within the imterval
from Thoundo 10 Thoundr, the SubQ Without Meal Boluses process 1100 determines if the
blood ghucose measurement time BGrine 18 within a second interval Toounat 16 Thounaz, and
if so then the SubQ Without Meal Boluses process 1100 at block 1116, resets the
countdown timer to Type3 and at block 1124, determines a correction dose CB, using
Q.2

[86195] However, if at block 1106 the SubQ Without Meal Boluses process 1100
determines that the blood ghucosc measurcment time BGrine 18 not within the interval
from Tyound1 10 Thounaz, the Sub(d Without Meal Boluses process 1100 determines if the
blood glucose measurement time BGriy. 18 within g third interval Tooungz 10 Thounds 8t
block 1108, and if so then the SubQ Without Meal Boluses process 1100 at block 111§,
resets the countdown timer 10 Tanead and at block 1126, determines a correction dose CB,
using EQ. 2.

(66196} However, if at block 1108 the Sub} Without Meal Boluses process 1100
determines that the blood glucose measurement time BGrypye 18 vot within the third timae
mterval from Toounaz 16 Thowa, the SubQ Without Meal Boluses process 1100 determines
if the blood glucose measurement time BGriy,. 18 within a fourth interval Toounas 10 Thoundas

and if so then the Sub(d Without Meal Boluses process 1100 at block 1120, resets the
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countdown timer 1o Tyneas and at block 1128, determines a correction dose CB, using EQ.
2.
1661971 However, if at block 1110 the Sub{} Without Meal Boluses process 1100
determines that the blood glucose measurement time BGriy, 18 not within the fourth time
mnterval from Toounas 16 Thounad, the SubQ Without Meal Boluses process 1100 determines
if the blood glucose measurement time BGry,, 18 within a fifth interval Tygumas 10 Thoundss
and if so then the Sub(y Without Meal Boluses process 1100 at block 1130, resets the
countdown timer to Tped: and at block 1131, determines a correction Dose CB, using
EQ. 2.
[80198]  As shown, the SubQ Without Mecal Boluses process 1100 repeats itself five
times since there are five scheduled blood glucose measurement BG; however, the Sub(}
Without Meal Boluses process 1100 may include more or less time intervals.
(86199}  The SubQ Without Meal Boluses process 1100 adjusts the basal msulin
dosage by first determining the Governing blood glucose BG,,, at block 1134, The SubQ
Without Meal Boluses process 1100 determines the Governing blood glucose BGye. 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 is not allowed until an elapsed tirae 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 0600” has passed.
[66288]  The Sub} Without Meal Bohuses process 1100 passes the Governing blood
glucose BG,. from block 1134 to block 1136, which determines the adjustment factor
AF {see FI(. R) 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:

RecBasalpi = (RecBasaly supeen) * AF, (38}
186261}  The basal dose may be one of several adroimstered to the paticot 10 during the
day, but all the doses are kept at the same value.
[862062] The process 1000 displays the correction dose CB 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-transitory memory 24, 114, 144 at block 1142,

~
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[80263] Reforring 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 MB,.,
and employing the next blood ¢glucose following the Governing Meal Bolus as the
Governing Blood Glucose BGyo.. This means BG,,. is often the current BG in real-time.
[86204] The Correction Bolusces and Basal Dose adjustment are conducted similar to
the Standard SubQ process 300 (FIGS. 9A and 9B). Therefore, a correction dose 18
determined at blocks 1214, 1216, 1218, 1220, 1222, 1258 based on the blood ghicose
type.

[60265] The Meal Bolus Adjustment portion of the Meal-by-Meal Sub(} process 1260
begins with a manual 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 BGype
of a Midsleep BG, then the process 900 sends the blood glucose measurement to block
1242, Hf the blood glucose measurement BG is not a blood glucose type BGy,. of a
Midsleep BG, then Meal-by-Meal Sub(Q process 1200 determines at block 1206 whether
the BG 1s a Breakfast blood ghicose BGpreugs. I the BG is determined at block 1206 to
be a Breakfast blood glucose BGpieavsse, then at block 1250, the process1200 determines
if the breakfast blood glucose BGyreans has been tested, if not then the process 1200
blocks basal recommendation, and posts a warning, displayed on the display 116, 146, to
the patient 10, nurse and doctor 40 at block 1254 and 1s stored in the non-fransitory
memory 24, 114, 144 at block 1251, However, if the breakfast blood ghicose BGpresktas
has been tested, then the process 1200 sclects, at block 1242, the Governing blood
ghucose BGg,, as the lesser of the two blood glucose values, i.e., the midsleep blood
ghucose BGuidsieep 01 the breakfast blood ghicose BGyjcainst, s shown in EQ. 28 (above).
[60286]  After determining the governing blood ghucose BGgw, the process 1200
determines the adjustment factor AF at block 1244 (see. FIG. 8). The adjustment factor
process 800, returns the adjustment factor AF as a function of the governing blood
ghicose BGg... The process 1200 sends the adjustment factor AF o block 1246, where
the process 1200 determines the adjustiment to the patient’s insulin dose by the following
EQ. 30, then the nurse 40 give the patient 10 the Recommended basal dose RecomsBasal

at block 1248,
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[80267F  If the Meal-by-Meal Sub{(} process 1200, at block 1206, determines that the
blood ghicose measurement BG 1s not a breakfast blood glucose measurement BGyieaktast,»
then it is passed to block 1208 where a determination is made whether the blood glucose
measurcment BG is a Lunch blood ghucose BGy e, H 1t 18 a Lunch blood glucose
BGrunch, then block 1208 routes the Lunch BG to block 1230 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 1238 where the Recormmended Lunch Bolus is calculated
by the following cquation:

RecLunchBol = AF * RecBreakfastBolpe, {39)
186268} 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.
[86209]  If the blood glucose BG is determined at block 1208 to not be a Lunch blood
glucose BGrunen. then it is routed to block 1210, [f the BG 1s determined by block 1210
to be a Dinner blood glucose BGpine, then the blood glicose BG is routed to block 1232
where 1t 15 used as the input (BGge) for the adjustroent factor process 700. The AF
Function returns a value of the Adjustment Factor AF, which is routed to block 1240.
The preceding Recommended Lunch Bolus 1s available at block 1240, which has all the
necessary data to calculate the Recommended Dinner Bolus by the following equation:

ReceDinnerBol = AF * (RecLunchBolpeyy {40}

[66218]  The process 1200 sends the Recommended Dinner Bolus, RecDinnerBol to
the rernote processor at block 1254, to the display 114, 146, block 1252, and to block
1236 for the next day’s Breakfast bolus calculation.
(86211  If the process 1200 determines the blood glucose BG at block 1210 tonot be a
Dhinner BG, theo the process 1200 routes the blood glucose BG to block1212. If the
process 1200 determines the blood ghucose BG at block 1212 to be a Bedtime BG, then
the process 1200 routes the BG to block 1234 where it is used as the mput (BGg,.) for the
AF Function. The AF Function returns a value of the Adjustment Factor {AF), which is
routed to block 1236, The preceding Recommmended Dinner Bolus (frorn the previous
day) is available at block 1236, which has all the necessary data to calculate the

Recommended Breakfast Bolus by the following equation:

~
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RecBreakfastBol = AF * (RecDinnerBolpe) (41
(86282}  The process 1200 sends the Recommended Breakfast Bolus to the reroote
processor at block 1254, to the Subject Data Display, block 1252, and to block 1238 for
Lunch bolus calculation.
(882137 The Meal-by-Meal Sub} With Carbohydrate-counting program calculates the
Recommended Meal Bolus by dividing the carbohydrates in the upcoming meal by CIR
{Carbohydrate-to-Insulin Ratio). The Carbohydrate-to-Insulin Ratio CIR is in the form of
a single parameter that is re-calculated at cach meal and passed to the next meal. The
Governing CIR is defined as the CIR passed to the current meal from the preceding rueal.
The process employs the next blood glucose BG following the Governing CIR as the
Governing BG (BUg.). This means BG,,y 15 often the current BG in real-time.
(66284} The Correction Boluses and Basal Dose adjustment are conducted similar to
the Standard Sub(¥ process 300 (FIGS. 9A and 9B). Therefore, a correction dose CB 1s
determined at blocks 1314, 1316, 131X, 1320, 1322, 1258 based on the blood glucose
type.
[60215] Referring to FIGS. 13A and 13B, the Meal Bolus Adjustroent portion of the
Meal-by-Meal Process 1300 begins with a manual BG entry at block 1302, 1f the process
1300 determines the blood ghucose 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 Breakfast BG.
If the process 1300 determines the blood glucose BG at block 1308 to be a Breakfast
blood glucose BGueass, then at block 1350, the process 1300 determines if the breakfast
blood gliucose BGyreaxns: has been tested. If not, then the process 1300 blocks basal
recomimendation 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 memory 24, 114, 144 at block 1351, I, however, the breakfast blood ghicose
BGpreatsssr 1as been tested, then the process 1300 selects, at block 1342, the Governing
blood glucose By, as the lesser of the two blood glucose values, 1.¢., the mudsleep
blood glucose BGuugsieep ot the brealdfast blood glucose BGriains, as shown in EQ. 28
{above).
[6G216]  After determining the governing blood ghucose BG.., the process 1300

determines the adjustraent factor AF at block 1344 (see. FIG. 8). The adjustment factor
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process 800 returns the adjustment factor AF as a function of the governing blood
glucose BGg,. The process 1300 sends the adjustrent factor AF to block 1246, where
the process 1300 determines the adjustment to the patient’s insulin dose by the following
EQ. 30, then the nurse 40 gives the patient 10 the Recommended basal dose
RecomsBasal at block 134K,
186217}  If the process 1300 determines the blood glucose BG at block 1306 tonotbe a
Breakfast BG, then the process 1300 passes the blood glucose BG to block 130K, where
the process 1300 determines whether the blood glucose BG is a lunch blood ghucose
BGiunen. I the blood ghucose BG is a Lunch blood glucose BGuunen, then the process
1300, at block 130%, routes the lunch blood ghicose BGyne to block 1330, where it is
usced as the mput {(BGyoy) for the adjustment factor AF Function. The adjustment factor
AF Function (FIG. 8} retums 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 Breakfast)/ AF {42}

[66218] The Meal-by-Meal with Carb-Counting process 1380 routes the
Carbohydrate-to-Insulin Ratio CIR to biock 1338 where the Recommended Lunch Bolus
is calculated as follows:

RecLunchBolus = (Carbohydrate gms in Lunch} / CIR (43)
(86219} The Carbohydrate-to-Tnsulin Ratio CIR 1s also sent from block 1334 to block
1336 for use in the upcoming Dinner calculations.
[80228]  If the process 1300 determines the blood glucose BG at block 1308 tonotbea
funch blood ghicose BGyaen, 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 dinner
blood glucose BGaine:, then the process 1300 routes the blood glucose BG to block 1332,
where it is used as the input (BG,..) for the adjustment factor AF Function. The
adjustment factor AF Function returns a value of the Adjustment Factor (AF}), which the
process 1300 routes to block 1336, where the Carbohydrate-to-Insulin Ratio CIR is
calculated by the following formula:

CIR = (CIR from Lunch)}/ AF {44)

-
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(60221}  The Meal-by-Meal with Carb-Counting process 1300 routes the CIR to block
1340 where the Recommended Dinner Bolus is calculated as follows:
ReclvnnerBol = (Carbohydrate gms in Dinner) / CIR {45)
(86222} The Carbohydrate-to-Insulin Ratio CIR is also sent from block 1336 1o block
1332 for use in the upcoming Breakfast calculations. The process 1300 sends the
Recommended Dinner Bolus, RecornDinnerBol to the remote processor at block 1354,
and to the display 114, 146, block 1352,
(66223}  if the process 1300 determines the blood ghucose BG at block 1310 tonotbea
Dinner BG, then the process 1300 routes the blood ghucose BG to block 1312, Ifthe
process 1300 determines the blood ghucose 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)
[66224] The Meal-by-Meal with Carb-Counting process 1380 routes the CIR o block
1336 where the Recommended Breakfast Bolus 15 calculated as follows:
RecBreakfastBol = (Carbohydrate grus 1o Breakfast) / CIR (47}
186225} The CIR is also sent from block 1330 to block 1334 for use in the upcoming
Lunch calculations. The process 1300 sends the Recommended Breakfast Bolus to the
remote processor at block 1354, and to the Subject Data Display at block 1352,
(86226} FIG 14 shows a subcutancous process 1400 for non-diabetic patients 10 who
have a temporary condition of diabetes-like symiptoms. A typical example is stress-
hyperglycemia, a condition that is encountered when the patient’s body is under stress
due to surgery, certain wedications, or another 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, soretivaes rapidly, leaving the paticot
without need of insulin. The principle of the process is to rapidly reduce the entire
mnsulin dosing regimacn of the patient by a factor NonDMfactor, whenever a blood

glucose measurement BG falls below a threshold.
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(86227  The Non-DM process 1400 begins at block 1402 with a blood glucose
measurement BG. The process 1400 determines at block 1460 if the blood ghucose BG 1s
below a threshold for insulin reduction NonDMfloor. If the blood glucose BG is less
than the values of the last recommended NonDMitloor, the process 1400 reduces, at block
1462, the value of ali the last-recommended insulin doses in a table at block 1463, by
multiplying each value by a dimensionless configurable constant whose value 15 between
0 and 1, threshold for insulin reduction NonDMfactor. The group at block 1463 includes
the last-recommended-doses such as Breakfast Bolus BGyjeme, Lunch Bolus BGyauen,
Dinner Bolus BGpinner, 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. Tn many implementations, the threshold for insulin
reduction NonDMfactor is configured to a value of 0.5,
[80228] Corrective insulin may also be reduced. 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 is recalcuiated each time the
dose is reduced. This is accomplished by summing all the newly-reduced values of the
fast recommended values of meal boluses and basal doses. The process 1400 passes the
TDD to block 1466, where a Hive Correction Factor is calculated as follows:
CF=CFR/TDD {46
[86229] Returning to block 1402, the process 1400 routes the blood glucose BG to
block 1404 where the process 1400 determines if the blood glucose type BGyype 18
MidSleep BGutigsieep. 1f 50, then the process 1400 routes the MidSleep blood glucose
BGapigsiesp to block 1442, I it is determined at block 1405 that the blood glucose type
BGiye 15 not MidSleep, the logic is passed to block 1406, where it is determined if the
Breakfast BGyreatst, the process 1400 calculates a Correction dose CB at block 1416 and
s administered as soou as possible. Also, if blood glucose type BGyy,. 1s Breakdast
BGpreaass, the logic 1s passed to box 1424, where the previcusly-recommended Breakfast
meal bolus is administered.  The value of this previously-recommended Breakfast meal

bolus is passed to block 1436, where it 1s one of the two required parameters for
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calculation of the Next Recommended Breakfast Bolus. Returning to block 1406, the
process 1400 routes the Breakfast BG to box 1450,

1662381  The condition at block 1450 is that the administration of basal is blocked by
not-posting the recornmended Basal dose until the arrival of the breakfast blood glucose
BGpreadast from block 1406, where the breakfast blood ghicose BGareans 15 sent to block
1442, Atblock 1442, the process 1400 determines the governing blood glucose BG,,, for
Basal adjustment as the lesser of the two blood glucose values, raidsleep blood glucose
BGmidsteep and breakfast blood glucose BGyranrng. At block 1444, the process 1400 inputs
the governing blood glucose B for Basal into the Adjustment Factor AF Function
(FIG 7), which returns an Adjustment Factor AF for basal adjustment. The process 1400
sends the adjustrnent factor AF to block 1446, where it is used to calenlate the
Recommended First Basal Bose of the day by the formula:

Recommended first Basal Dose = AF*(Previous day’s last Basal Dosey (48}
186231} Basal dosing is adjusted only once per day, because a fasting blood glucose
BG is needed as the governing blood ghucose BGy.., and the midsleep blood glucose
BGwnigsieep and breakfast blood glucose BGpreans BG are the only reliable fasting blood
glucose measurements BG during the day. I 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 dose of the day
is used as the Governing Basal Dose because it is the most recent dose at the time of the
midslecp blood glucose BGuigaeep and B breakfast blood glucose BGrieaksust.

[66232]  If the process 1400 determines at block 1406 that the Blood Glucose type
BGiype 15 not Breakfast, the logic passes to block 1408, where the process 1400
determines if the By, 1s Lunch. If the BGype is Lunch, the process 1400 calculates a
Correction dose CB at block 1418, which is administered as soon as possible. Also, the
logic passes to box 1426, where the previously-recommended Lunch roeal bolus s
administered. The process 1400 passes the value of this previcusly-recommended Lunch
weal bolus to block 1438, where it 1s one of the two required parameters for calculation
of the Next Recommended Lunch Bolus., Returning to block 1408, the process 1400 also
routes the hunch blood glucose BGunen to block 1430, providing the second of the two
required parameters for calculation of the Next Recommended Breakfast Bolus as

foliows:
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Next Recom. Breakfast Bolus = AF*(Current Recom Breakfast Bolus) {49y
[00233]  1fit1s determined at block 1408 that BGy,. s not Lunch, the logic passes to
block 1410, where the process 1400 determines if the BGyype 1s Dinner. If the BGyp. 18
Dinner, the process 1400 calculates a Correction dose at block 1420, which is
administered as soon as possible. Also, the logic is passes to box 1428, where the
previcusty-recommended Dinner meal bolus 1s admumstered.  The value of this
previousty-recommended Dinner meal bolus is passed to box 1440, where is one of the
two required parameters for calculation of the Next Recommended Dinner Bolus.
Returning to block 1410, the process 1400 also routes the Dinner blood glucose BGnigner
to block 1432, providing the second of the two required parameters for calculation of the
Next Recomnmended Lunch Bolus as follows:

Next Recom. Lunch Bolus = AF*{Current Recom Lunch Bolusy  (50)
[80234]  If it 1s deterrnined at block 1410 that BGtype 1s not Dinner, the logic passes to
block 1412, where the process 1400 determines if the BGyy,. is Bedtime. If the blood
ghucose type BGyyo 1s Bedtime, the process 1400 calculates a Correction dose CB at
black 1422, which is administered as soon as possible. Also, the logic passes (o box
1434, providing the second of the two required parameters for calculation of the Next
Recommended Dinner Bolus as follows:

Next Recom. Dinner Bolus = AF*(Current Recom Dinner Bolusy (51
[08235] Ifitis determined at block 1412 that the blood glucose BGy,. 18 not Bedtime,
the logic passes to block 1456, where the process 1400 determines if the BGy0 18
Bedtime. If the BGy,. is Bedtime, the process 1400 calculates a Correction dose at block
1458, which is administered 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,

(66236} FIG. 15 provides an arrangement of operations for a method 1500 of
administering ntravenous insulin to a patient 10, The method includes recetving 1502
bicod glucose measurements BG on a computing device {¢.g., a processor 112 of a
patient device 110, g processor 152 of a hospital clectronic medical record system 150, or
a data processor 132 of a service provider 130} of a dosing controller 160 from a blood

glucose measurement device 124 {e.g., glucose meter or glucometer). The blood glucose
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measurements BG are separated by a time interval Trew. The method 1500 includes
deterrmining 1504, using the coroputing device 112, 132, 152, an jusulin dose rate IR
based on the blood glucose measurements BG. In some umplementations, the method
1500 determines 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
may equal 60 mg/dl. The ructhod 1500 includes leaving the roultiplier M unchanged
between time intervals Trey when the current blood glucose measurement BG is greater
than an upper Hmit BGrey of the blood glucose target range BGry and the blood ghucose
percent drop BGopgp from the previous blood glucose value BGe is greater than or equal
to a desired percent drop BG%dropM {(see EQ. 5). The method also includes multiplying
the multiplier M by a change factor Mer when the current blood glucose measurement
BG is greater than an upper Himit BGrpy of the blood glucose target range BGrm and the
blood glucose percent drop BGeineop {or 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 Tyexy when the
current blood glocose measurernent BG 15 1o the target range BGrg .. when BG 1s less
than an upper limit BGrey of the blood glucose target range and greater than the lower
fimit BGrgy of the target range, BGrgr. The method also includes dividing the multiphier
M by a change factor Mcyr when the current blood glucose measurement BG is less than
the lower limit BGry, of the blood glucose target range BGrp.

(66237} The method 1500 may inchide setting the time interval Tre to a
hypoglycernia time interval Ty of between about 15 minutes and about 30 minutes,
when the current blood glucose measurement BG is below a hypo-threshold blood
ghucose level BGpyy,,

[60238] The method 1500 jncludes deternuning 1506 a blood glucose drop rate
BGpyoprate based on the blood glucose measurements BG and the time interval Tweq. The
wethod 1500 includes determining 1507 a blood glucose percent drop BGoypeop, using the
computing device 112, 132, 152 from a previous blood glucose measurement BGp.
When the blood glucose drop rate BGpeprae 18 greater than a threshold drop rate
BOpropraerimit, the method 1500 includes decreasing at 1508 the time interval Thew

between blood ghuicose measurements racasure by the glucometer.
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[8623%] The method 1500 also includes decreasing 1510 the time interval Tyex
between blood glucose measurements BG when the percent drop BGeypyp of the blood
glucose BG is greater than the threshold of the percent drop Y%Dropregutar, where the
threshold of the percent drop %6Dropreguss depends on whether the current blood ghucose
measurement BG is below a lower limit BGrry of a blood glucose target range BGig.

In some 1mplementations, the method 15060 includes decreasing the time interval Taew
wheun the current blood glucose measurement BG is greater than or equal to the lower
timit BGygy of the blood glucose target range BGyy and the blood glucose percent drop
BGoprp exceeds a threshold percent drop %Dr0paeeuer. 10 some implementations, the
method 1500 includes decreasing the time interval Ta, when the current blood glucose
measurement BG is below the lower imit BGygy of the blood ghucose target range BGrr
and above the bypo-threshold blood ghucose level BGnyyo, and the blood ghucose percent
drop BGypewp 18 greater than or cqual to a threshold percent drop %Dropr owrimit.

188248]  In some examples, the method 1508 includes leaving the multiplier M
unchanged for at least two subsequent time mtervals, Trex, when the current blood
glucose rocasurernent BG s a pre-meal rocasurement, In some examples, the method
1500 includes receiving, on the computing device 112, 132, 142, a number of
carbohydrates for a meal as well as a blood glucose measureroent, and determining, using
the computing device 112, 132, 142, an intravenous insulin rate IR based on the blood
ghacose (this IR may be calenlated using EQ. 3A). In addition, the method 1500
inchudes determining, using the computing device 112, 132, 142, a meal bolus insulin rate
IR based on the number of carbohydrates. The method 1500 then calculates a Total
msulin 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 setting the time interval Tuex to about 30
mirates. If the blood glucose measurerent BG is a second consecutive measurement
after (but not including) an initial pre-meal blood glucose measurement BG, the method
1500 includes setting the time interval Tyeq to about 30 minutes.

130241  In some implementations, the method 1508 includes electronically displaying
on a display 116, 146 a warning and blocking transition to a subcutancous administration
of insulin when the current blood ghicose measurement BG is outside a stability target

range BGgrp. In addition, the method 1500 includes clectronically displaying on the
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display 116, 146 a warning when the current blood glucose measurement BG is within
the paticot’s personalized target range BGry for less than a threshold stability period of
time Taueie. I some examples, the method 1508 includes determining a total daily dose
of insulin TDD based on the multiplier M when the current blood ghucose measurement
BG is within a stability target range BGgrr for a threshold stability period of time Tsuile.
(86242} Reforring to FIG. 16, a method 1600 of administering insulin includes
recetving 1602 blood glucose measurements BG of a patient 10 at a data processing
device 112 from a glucometer 124, The blood glucose measurements BG are separated
by a time interval Tuew. The roethod 1600 also iucludes receiving 1604 patient
information at the data processing device 112, and in some cxamples, storing the received
patient information on non-transitory memory 24, 114, 144 associated with the processor
112, The method 1608 includes receiving1 606 a selection 226, at the data processing
device 112, of a subcutancous insulin treatment 900, 1000, 1100, 1200, 1300, 1400 from
a collection of subcutaneous insulin treatments 900, 1000, 1100, 1200, 1300, 1400. The
selection 226 1s based on the blood glucose measurements BG and the patient
information 208a. The method 1600 also includes executing 1608, using the data
processing device 112, the selected subcutancous insulin treatment 900, 1000, 1100,
1200, 1300, 1400

180243} In some implementations, the method 1600 includes: receiving a configurable
constant CFR; storing the configurable constant CFR in non-transttory mermory
assoctated with the data processing device; and determining a correction factor. The
configurable constant CFR may be determined from a published statistical correlation.
The method 1600 may also include determining a pre~-meal correction belus CB, and/or a
post-prandial correction bolus CB. The method 1600 may include recetving a half-life
value of the rapid-acting insulin; and determining the roean hifetimoe iLifeRapid of the
rapid-acting insulin.

[86244]  Insome 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 BG,,. Determining the adjustment factor AF
may include determining when the governing blood glucose value BGg,, is within a

threshold range of values, and setting the adjustracnt factor to a precounfigured adjustment
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factor based on the threshold range of values. In some implementations, the method 1600
includes determining a Carbohydrate-to-Insulin Ratio CIR based ou the adjustment factor
AF by calculating one of EQs. 42, 44, and 46.

(662451 The sclection of subcutaneous insulin treatments 900, 1000, 1100, 1200, 1300,
1480 includes one or more of a subcutancous standard program 900, a subcutancous for
tube-fed patients program 1000, a subcutancous prograrn without racal boluses1100, a
meal-by-rocal subcutancous program without carbohydrate counting 1200, a woeal-by-
meal subcutancous program with carbohydrate counting 1300, and a subcutancous
program for nov-diabetic patients 1400, In sore examples, the subcutaneous for tube-fed
patients 1000 includes: receiving a blood glucose time BGryy,. 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 1061, 1101 for a next blood
glucose measurement BG based on the threshold tirne interval; and determining a
correction insulin dose UB based on the blood glucose type BGrpe.

[80246] In some cxamples, the standard program 900 includes determining a blood
ghacose type BGrype of the received blood glucose rueasurement BG; and deterroining a
correction insulin dose CB based on the blood glucose type BGyype. In some examples,
the method 1600 includes receiving a governing blood glucose value BGy.., and
determining an adjustment factor AF based on the received governing blood glucose
value and the blood glucose measurement. The method 1600 may also include
determining a next recommended meal bolus based on the determined adjustment factor
AF and a current reconunended meal bolus.

188247}  Various implementations of the systems and techniques described here can be
realized in digital electronic circuitry, integrated circuitry, specially designed ASICs
{application specific integrated civcutts), computer hardware, firmware, software, and/or
combinations thereof. These various implementations can include implementation in one
or more corputer programs that are executable and/or interpretable on a prograrmable
system inchuding 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.
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[60248] These computer programs (also known as programs, software, software
applications or code) include machine 1nstructions for a programuable processor and can
be implemented in a high-level procedural and/or object-oriented programming langunage,
and/or in assembly/machine language. As used herein, the terros “machine-readable
medivm” and “computer-readable medium” refer to any computer program product,
apparatus and/or device {e.g., magnetic dises, optical disks, memory, Programmable
Logic Devices (PLDs)) used to provide machine jostructions and/or data to a
programmable processor, including a machine-recadable medium that receives machine
mstructions as a machine-readable signal. The term “machine-readable signal” refers to
any signal used to provide machine instructions and/or data to a programmable processor.
(00249} Implementations of the subject matter and the functional operations described
in this specification can be implemented in digital electronic circuitry, or in computer
seftware, firmware, ot hardware, including the structures disclosed in this specification
and their structural equivalents, or in combinations of one or more of them. Moreover,
subject matter described in this specification can be implemented as one or more
computer prograr products, 1.e., oue or more modules of computer program mnstructions
encoded on a computer readable medium for execution by, or to control the operation of,
data processing apparatus. The coroputer readable raedinm can be a machine-readabie
storage device, a machine-readable storage substrate, 2 memory device, a composition of
matter atfecting a machine-readable propagated signal, or a combination of one or more
of them. The terms “data processing apparatus”, “computing device” and “computing
processor” encorapass all apparatus, devices, and machines for processing data, including
by way of example a programmable processor, a computer, or multiple processors or
computers. The apparatus can include, in addition to hardware, code that creates an
execution environment for the computer program in question, ¢.g., code that constitutes
processor firmware, a protocol stack, a database management system, an operating
system, or a combination of one or more of them. A propagated signal is an artificially
generated signal, e.g., a machine-generated electrical, optical, or electromagnetic signal
that 1s generated to encode information for transmission to suitable receiver apparatus.
[66258] A computer program {also known as an application, program, software,

software application, script, or code) can be written in any form of programming
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fanguage, including compiled or interpreted languages, and it can be deployed in any
form, including as a stand-aloue 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 system. 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
language document), in a single file dedicated to the prograra in question, or i nultiple
coordinated files (¢.g., files that store one or more modules, sub programs, or portions of
code}. A computer program can be deployed to be executed on one computer or on
wuldtiple corputers that are located at one site or distributed across multiple sites and
interconnected by a communication network.

[6025%] The processes and logic flows described in this specification can be performed
by one or more programmable processors executing one or more computer programs to
perform functions by operating on input data and generating output. The processes and
fogic flows can also be performed by, and apparatus can also be implemented as, special
purpose logic circuitry, e.g., an FPGA (field programmable gate array) or an ASIC
{application specific integrated civcut).

[80252]  Processors suitable for the execution of a computer program include, by way
of example, both general and special purpose microprocessors, and any oue or moore
processors of any kind of digital computer. Generally, a processor will receive
instructions and data frorn a read only memory or a random access meroory or both, The
essential elements of a computer are a processor for performing instructions and one or
more memory devices for storing instructions and data. Generally, a computer will also
melude, or be operatively coupled to receive data from or transfer data to, or both, one or
more mass storage devices for storing data, ¢.g., magnetic, magneto optical disks, or
optical disks. However, a computer need not have such devices. Moreover, a computer
can be embedded in another device, ¢.g., a mobile telephone, a personal digital assistant
(PDA), a roobile audio player, a Global Positioning System (GPS) receiver, to name just
a few. Computer readable media suitable for storing computer program instructions and
data include all forms of non-volatile memory, media and memory devices, including by
way of example semiconductor memory devices, ¢.g., EPROM, EEPROM, and flash

memory devices; magnetic disks, ¢.g., internal hard disks or removable disks; magneto
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optical disks; and CD ROM and DVD-ROM disks. The processor and the memory can
be supplemented by, or jucorporated in, special purpose logic eircuitry.

1662531 To provide for interaction with a user, one or more aspects of the disclosure
can be implemented on a computer having a display device, ¢.g., a CRT {cathode ray
tube), LCD (liquid crystal display) monitor, or touch screen for displaying information to
the user and optionally a keyboard and a pointing device, ¢.g., a mousc 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 received in any form, inchuding 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
example, by sending web pages to a web browser on a user's client device in response to
requests received from the web browser.

[88254] One or more aspects of the disclosure can be implemented in a computing
systern that includes a backend component, ¢.g., as a data server, or that includes a
middleware component, ¢.g., an application server, 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 implementation of the subject matter described
in this specification, or any combination of one or more such backend, middleware, or
frontend components. The components of the syster can be interconnected by any form
or medium of digital data communication, ¢.g., a communication network. Exaraples of
communication networks include a local area network ("LAN") and a wide area network
(“WAN"), an inter-network {c.g., the Internet), and peer-to-peer networks {e.g., ad hoc
peer-to-peer networks).

(68255}  The computing system can include clients and servers. A client and server are
generally remote frorn each other and typically witeract through a communication
network. The relationship of client and server arises by virtue of computer programs
running on the respective computers and having a client-server relationship to cach other.
in some implementations, a server transmits data {¢.g., an HTML page} to a client device

{c.g., for purposes of displaying data to and recciving user input from a user interacting

ez
O



P

N

o2

o

WO 2015/116397 PCT/US2015/011559

with the client device). Data generated at the client device (e.g., a result of the user
interaction} can be recetved from the chient device at the server.

[66256]  While this specification contains many specifics, these should not be
construed as lirattations 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 featurcs that are described in this specification in the context of separate
implementations 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 iroplemented in multiple iraplementations separately or in any suttable sub-
combination. Morcover, although features may be described above as acting in certain
combinations and even initially claimed as such, one or more featares from a claimed
combination can in some cases be excised from the combination, and the claimed
combination may be directed to a sub-combination or variation of a sub-combination.
1882571  Similarly, while operations are depicted in the drawings in a particular order,
this should not be understood as requiring that such operations be performed in the
particular order shown or in sequential order, or that all illustrated operations be
performed, to achieve destrable results. In certain circumstances, multi-tasking and
paraliel processing may be advantageous. Moreover, the separation of various system
components in the embodiments described above should not be understood as requiring
such scparation in all embodiments, and it should be understood that the described
program components and systems can generally be integrated together in a single
software product or packaged into multiple sottware products.

[B0288] A number 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 results.
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WHAT IS CLAIMED 5:

1. A method (1600} comprising:

receiving blood ghucose rocasurcments (BG) of a patient (10) at a data processing
device {112} from a glucometer {124), each blood glucose measurement {B(G) separated
by & tirne interval {Trey) and coraprising a blood glucose time (BGry,.) associated with a
time of measuring the blood glucose rocasurement (BG

receiving patient information 208a at the data processing device (112}

selecting, using the data processing device {(112), a subcutancous insulin treatment
program for tube-fed patients (1000) from a collection of subcutancous insulin treatments
(500, 1000, 1100, 1200, 1300, 1400) based on the blood ghucose measurements (BG) and
the patient information 208a, the subcutancous insulin treatment program for tube-fed
patients {1000} determining recommended insulin doses based on the blood glucose times
{(BGrime); and

executing, using the data processing device (112}, the selected subcutaneous

insulin treatraent program for tube-fed patients (1000).

2. The wethod (1600) of claim 1, further comprising:

receiving, at the data processing device (112}, a configurable constant (CFR};

storing the configurable constant (CFR) in non-transitory memory (24, 114, 144)
assoctated with the data processing device (112); and

determining a correction factor (CF) using the data processing device (112) by
calculating:

CF=CFR/TDD

wherein CF 1s the correction factor, CFR is the configurable coustant determined
from a statistical correlation, and TDD is total daily dose of insulin per day; and

determiving a pre~-meal correction bolas (CB) using the data processing device
(112} by calculating:

CB ={(BG — BGrarger)/ CF
wherein CB is pre~-meal correction bolus, BG is the blood glucose measurement,

and BGryuee 15 @ target blood glucose of the patient (10).
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3. The method (1600} of claim I, further comprising determining, using the data

processing device {112}, a post-prandial correction bolus {CBpow) by calculating:

(BG BGT&T@'&?YT) . i - {'TC'z.'.T'_?;e:‘rz.{:'“TPr:eg.lious:)
CBpost = m — (Previous Bolus)e ~ HfeRapid

wherein CBpoy 15 @ post meal correction dose, Toumen 18 @ current time, and

Trevhows 18 @ previous time at which a last bolus was given to the patient (18), iLifeRapid
is a mean lifetime for a rapid-acting insulin.
4. The method (1600) of claim 3, further comprising:

receiving, at the data processing device (112), a half-life value of the rapid-acting
insulin; and

determining, using the data processing device {(112), the mean lifetime
(iLifeRapid) of the rapid-acting wsuliv by calculating:

iLifeRapid = Half-life * In(2)
wheretn 1LifeRapid 1s the wean lifetime of the rapid-acting wnsulin and Halflife 1s

a half-iife value of a rapid-actin insulin.

5. The method (1600) of claim 1, further comprising:

receiving, at the data processing device (112}, a governing blood glucose value
(BG,ov); and

determining, using the data processing device {(112), an adjustment factor (AF)

based on the recetved governing blood glucose value (BGg ).

6. The method (1600) of claim 5, wherein determining the adjustment factor (AF)
COmprises:

determining when the governing blood glucose value (BGg.) 1s within a pre-
configured range of values; and

setting the adjustment factor (AF) to a precontigured adjustment factor (AF)

associated with the pre-configured range of values.

D
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7. The method (1600) of claim 5, wherein determining the adjustment factor {AF)
comprises:

determining the governing blood glucose value(BG,,.) is within one of multiple
pre-configured ranges of values; and

setting the adjustment factor (AF) to a pre-configured adjustment factor {AF)
assoctated with the pre-configured range of values that includes the governing blood

ghucose value (BGgoo).

8. The method (1600) of claim 1, further comprising determining, using the data
processing device (112), a Carbohydrate-to-Insulin Ratio (CIR) based on the adjustment
factor (AF) by calculating:

CIR = (CIRprvions} / AF,

wherein CIR 1s the Carbohydrate-to-Insulin Ratio, CIRprevious 18 @ previously

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

9. The method (1600} of claim I, wherein the subcutancous insulin treatment
program for tube-fed patients (1000) comprises:

receiving, at the data processing device (112), a blood glucose time (BGyme)
assoctated with a time of measuring of the blood glucose measurement (BG);

determinung, using the data processing device (112), if the blood glucose time
{BGrime) 18 within a pre-configured time interval ((Tocneal ~ M) 10 {Techeat Muaa})s

setting a timer (430} for a next blood glucose measurement (BGpex) based oun the
pre-configured time interval ({Tocneat — Magart} 10 (Tscheal™ Mpaa}); and

determining, using the data processing device (112}, a correction insulin dose
{CB) based on the blood glucose time (BGyie ) by calculating:

CBy = (BG — BGrarpe/CF;
wherein CB is the correction insulin dose, BG is the blood glucose measurement,

and BGrage 18 a target blood glucose value of a paticot (10).

16. The method (1600} of claim 9, wherein the pre-configured time interval ({Tepedl —

Mgiare} 10 {Tocnedt™ Mpng)) comprises one of:
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one of six pre-configured time intervals ({Tichedt — Mistn) 10 {Tsoheai™ Mpna}) cach
spaced four hours apart from the next beginning at 00:00; or
one of four pre-contigured time mtervals ({Tcneat — Mg 10 { Tecneqit Mpna}) cach

spaced six hours apart from the next beginning at 00:00.

11, The method (1600} of claim 9, further comprising, when the blood glucose time
{BGrime) 18 within a first one of four pre-configured time mtervals ((Tsoneal — Mgun) to
{Tyeneal™ Mrng)) cach spaced six hours apart from the next:

setting, using the data processing device {112), the blood glucose measurement
{BQG) as a governing blood glucose value (BGgo);

determining, using the data processing device {112), an adjustment factor (AF) for
adjusting a value of recornmended cqual-boluses (EqBolus) based on the governing blood
ghucose value (BGgo);

retrieving, using the data processing device (112), a previous day’s value of
recommended equal-boluses (EqBolus); and

determining, using the data processing device {112}, a new value of recommended
equal-boluses (EgBolus) by multiplying the adjustment factor {AF) times the previous
day’s value of recommended equal-boluses (EqBolus), the new value of recommended
cqual-boluses (EqBolus) corresponding to an insulin dose of rapid-acting insulin or
reguliar insulin to be administered to the patient (10} at scheduled blood ghicose

measurements (BG).

12, The method (1600) of claim 9, further comprising, when the blood glucose time
{BGrime) 18 within a second one of six pre-configured timne intervals ((TseneaZ — Mg} t0
{Tscnea2 ™ Mipng)) cach spaced four hours apart from the next:

setting, using the data processing device {112}, the blood glucose measurement
{BG) as a governing blood glucose valae (BGgo);

determining, using the data processing device {112), an adjustment factor (AF) for
adjusting a value of recomnmended cqual-boluses (EqBolus) based on the governing blood

glacose value (BGgov ),
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retrieving, using the data processing device {112}, a previous day’s value of
recoraroended equal-boluses (EgBolus); and

determining, using the data processing device (112), a new value of recommended
cqual-boluses (EqBolus) by multiplying the adjustment factor (AF) times the previous
day’s value of recommended equal-boluses (EqBolus), the new value of recommended
equal-boluses (EgBolus) corresponding to an insulin dosce of rapid-acting msulin or
regular insulin to be adrinistered to the patient (10) at scheduled blood glucose

measurements (BG).

13, The method (1600) of claim 9, further comprising, when the blood ghicose time
{(BGme) is within a second one of four pre-configured time intervals {({Toped? — Msus) {0
{TscneaZ+ Mpna)) cach spaced six hours apart from the next:

setting, using the data processing device (112}, the blood glucose measurement
(BG) as a governing blood glucose value (BGgo);

determining, using the data processing device (112}, an adjustment factor (AF) for
adjusting a current day’s recommended basal dose (RecBasal) based on the governing
blood glucose value (BGg);

retrieving, using the data processing device {112}, a previous day’s recommended
basal dose {RecBasal); and

determining, using the data processing device (112), the current day’s
recommended basal dose (RecBasal) by multiplying the adjustment factor (AF) times the
previgus day’s recommended basal dose (RecBasal}, the current day’s recommended
basal dose {RecBasal) corresponding to an insulin dose of long-acting insulin to be
administered to the patient (10) at a configurable frequency of one, two, or three times

per day.

14, The method (1600} of claim 9, further comprising, when the blood glucose time
{BGrime) is within a third one of six pre-configured time intervals ({Tschead — Msun) to
{Tschea3+ Mpnayieach spaced four hours apart from the next:

setting, using the data processing device (112}, the blood glucose measurement

{BG) as a governing blood glucose value (BGgo);
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determining, using the data processing device {112), an adjustment factor (AF) for
adjusting a current day’s recommeunded basal dose (RecBasal) based on the governing
blood glucose value (BGyov);

retrieving, using the data processing deviee (112), a previous day’s reconunended
basal dose (RecBasal}y; and

determining, using the data processing device (112), the current day’s
recornroended basal dose {RecBasal) by roultiplying the adjustment factor (AF) times the
previous day’s recormnmended basal dose (RecBasal), the current day’s recommended
basal dose (RecBasal) corresponding to an insulin dose of long-acting insulin to be
administered to the patient (10) at a configurable frequency of one, two, or three times

per day.

15, The method (1600) of claim 1, further comprising transmitting the subcutancous
insulin treatment program for tube-fed patients {1000} to an administration device (123,
123a, 123b) in communication with the data processing device (112}, the administration
device (123, 1234, 123b) comprising:

a doser (223a, 223b); and

an adrotnistration computing device (112a, 112b) in commanication with the
doser (223a, 223b), the administration computing device (112a, 112b}, when executing
the subcutancous nsulin freatment program for tube-fod paticnts (1000), causing the
doser (223a, 223b) to administer the recommended doses of insulin determined by the

subcutancous insulin treatraent program for tube-fed patients (1000},

16.  Asystem (100) comprising:

a glucometer (124) measuring blood glucose measurements (BG) separated by a
time interval (Tex ) and

a dosing controller (160} 1u communication with the glucometer (124}, the dosing
controtler (168} including a data processing device {112) and non-transitory memory (24,
114, 144) in cornmunication with the data processing device (112), the dosing controller

(160):
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recetving blood glucose measurements (BG) of a patient (10) from the
glacometer (124), cach blood glucose measurernent (BG) separated by a time interval
{Ther) and comprising a blood glucose time (BGuime} associated with a time of measuring
the blood glucose measurement (BG);

recetving patient information 208a;

selecting a subcutancous insulin treatment program for tube-fed patients
{1000} from a collection of subcutancous insulin treatments (900, 1600, 1100, 1200,
1300, 1400) based on the blood glucose measurements (BG) and the patient information
208a, the subcutancous insulin treatment program for tube-fed patients (1004)
determining recommended insulin doses based on the blood ghucose times (BGrpinm); and

exccuting the selected subcutancous insulin treatment program for tube-

fed patients (1000).

17.  The system (108} of claim 16, wherein the dosing controller {160} determines a
pre-meal correction bolus (CB) by calculating:
CB = (BG — BGruge) / CF
wherein CB is the pre-meal correction bolus, BG is the blood glucose

wmeasurement, and BGryge 18 a target blood glucose of the patient (10},

18, The systern (100) of claim 16, wherein the dosing controlier (160} determines a
post-prandial correction bolus (CBrpes) by calculating:

(BG — BGT&!‘Q‘QFT) ) ) - (TC'u,r:v;e:m;‘“TPr:ejyious)
CBopsr = il Prepious Bolus)e ihifeRapid
DOST CP -

wherein CBp,y 18 @ post meal correction dose, Toymen 18 @ current time, and

Trrevioms 18 4 previous time at which a last bolus was given to the patient (10}, iLiteRapid

is a mean lifetime for a rapid-acting insulin.

19, The system (100} of claim 18, wherein the dosing controller (160):
receives a half-life value of the rapid-acting insulin; and
determives the mean lifetime (LifeRapid) of the rapid-acting insulin by

calculating:
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iLifeRapid = Half-life * In(2)

wherein Half-life 1s a halt-life valoe of a raprd-actin insulin.

20, The system (100} of claim 16, wherein the dosing controller (160):
receives a governing blood glucose value (BGyo); and
determines an adjustment factor (AF) based on the received governing blood

ghucose value (BGgoo).

21, The system (100} of claim 20, wherein the dosing controller (160) determines the
adjustment factor (AF) by:

determining when the governing blood glucose value (BGg.) 18 within a pre-
configured range of values; and

setting the adjustrnent factor (AF) to 4 preconfigured adjustinent factor (AF)

based on the pre-configured range of values.

22, The systern (100) of claim 20, wherein the dosing controller {160) determines the
adjustment factor (AF) by:

determining the governing blood glucose value (BG,.y) ts within one of multiple
pre-configured ranges of values; and

setting the adjustment factor (AF) to a pre-configured adjustment factor (AF)
assoctated with the pre~-configured range of values that includes the governing blood

glucose value (BGgov).

23. The system (100) of claim 16, wherein the dosing controller (160} determines
a Carbohydrate-to-lusulin Ratio (CIR) based ou the adjustment factor (AF) by
calculating:

CIR = (ClRypevions) / AF;

wherein CIR is the Carbohydrate-to-Insulin Ratio, ClRprevious 18 @ previously

determamed Carbohydrate-to-Insulin Ratio, and AF 1s the adjustment factor.
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24.  The system (100) of claim 16, wherein during the subcutancous insulin treatment
program for tube-fed patients (1000), the dosing controlier (160):

receives a blood glucose time (BGnm. ) associated with a time of measuring of the
blood glucose measurement (BG);

determines if the blood ghicose time (BGrine) 18 within a pre-configured time
mnterval ({Tsneal — Maar) 10 {Tachedl™ Mpna s

sets a timer {430} for a next blood glucose measurement {BGiex) based on the
pre-configured time interval {({Tocpedt — Mgtart} 10 (Tschealt Mpna}); and

determines a correction insulin {CB) dose based on the blood glucose time
{(BGrime) by calculating:

CByx = {BG ~ BGraeaVCF;
wherein CB is the correction insulin dose, BG is the blood ghicose measurement,

and BGruge 18 a target blood glucose value of the patient (10},

25, The system (100) of claim 24, wherein the pre-configured time interval {({(Tspeat —
Maurd 10 {Tineait Mpng)) comprises one of:

one of six pre-configured time intervals {{Twneat — Mstar) 10 {Tsepeait Mpga)) cach
spaced four hours apart from the next beginning at 60:00; or

one of four pre-configured time intervals ((Tgepeal ~ Maur) 10 (T ineqit Mpng)} cach

spaced six hours apart from the next beginning at 00:00.

26, The system (100} of claim 24, wherein the dosing controller (160), when the
blood ghlucose time (BGrinm.) 18 within a first one of four-preconfigured time intervals
({Tachea! — Maat) 10 {Taenea 1+ Ming)) cach spaced six hours apart from the next:
sets the blood glucose measurement (BG}) as a governing blood ghucose value
(BGgouk;
determines an adjustment factor ( AF) for adjusting a value of recommended
cqual-boluses (EqBolus) based on the governing blood glucose value (BGao);
retrieves a previous day’s vahue of recommended equal-boluses (EqBohus); and
determines a new value of recommended equal-boluses (EqBolus) by multiplving

the adjustment factor (AF) times the previous day’s value of recommended equal-boluses
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(EgBolus), the new value of recommended equal-boluses {(EqBolus) corresponding to an
insulin dose of rapid-acting insulin or regular jnsulin to be administered to the patient

{10) at scheduled blood glucose measurements (BG).

27, The system (100} of claim 24, wherein the dosing controller (1603, when the
blood ghucose time (BGywe) 18 within a sccond one of six-preconfigured time intervals
{{Tscnea? ~ Mgpar) 16 {Tcnea2+ Mpaa)) cach spaced four hours apart from the next:

sets the blood glucose measurement (BG) as a governing blood glucose value
{(BGeo);

determines an adjustnent factor (AF) for adjusting a value of recommended
equal-boluses (EqBolus) based on the governing blood glucose value (BGeo);

retrieves a provious day’s value of recommended equal-boluses (EgBolus); and

determines a new vahue of recoromended equal-boluses (EgBolus) by multiplying
the adjustment factor {AF} times the previous day’s value of recornmended equal-boluses
(EgBolus), the vew value of recommended equal-boluses (EqBolus) corresponding to an
insulin dose of rapid-acting insulin or regular insulin to be administered to the patient

(10} at scheduled blood glucose measurements (BG).

28, The system {100} of claim 24, whercin the dosing controller (160), when the
blood ghucose time (BGrime) s within a second one of six~-preconfigured time intervals
{({Tsched? — Mggan) 10 {Taened2+ Miga)) cach spaced four hours apart from the next:

sets the blood glucose measurernent (BG) as a governing blood ghicose value
(BGgoki

determines an adjustiment factor {AF) for adjusting a current day’s recommended
basal dose (RecBasal) based on the governing blood glucose value (BGgov);

retrieves a previous day’s recommended basal dose (RecBasal); and

determines the current day’s recommended basal dose (RecBasal) by multiplying
the adjustment factor (AF) tiroes the previous day’s recommended basal dose (RecBasal)y,
the current day’s recommended basal dose (RecBasal) corresponding to an insulin dose
of long-acting insulin o be adroinistered to the paticot (10) at a configurable frequency of

one, two, or three times per day.

100
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29.  The systern (100) of claim 24, wherein the dosing controller (160), when the
blood ghicose time (BGrixe} 1s within a second one of six-preconfigured time intervals
{{Tscnea? — Mistan) 10 {Tsonea2+ Mipna)) cach spaced four hours apart from the next:

sets the blood glucose measurement (BG) as a governing blood ghucose value
(BGyo);

determines an adiustment factor (AF) for adjusting a current day’s recommended
basal dose (RecBasal) based on the governing blood glucose value (BGg);

retrieves a previous day’s recommended basal dose (RecBasal); and

determines the current day’s recommended basal dose (RecBasal) by multiplying
the adjustment factor (AF) times the previous day’s recommended basal dose {RecBasal},
the current day’s recommended basal dose (RecBasal) corresponding to an insulin dose
of long-acting insulin to be administered to the patient (10} at a configurable frequency of

one, two, or three times per day.

30.  The system (100) of claim 16, wherein the dosing controller {160) transmits the
subcutaneous nsulin freatment program for tube-ted patients (10000 an administration
device (123, 123a, 123b) in communication with the dosing controller (160), the
administration device (123, 1234, 123b) comprising:

a doser (223a, 223b}; and

an administration computing device (112a, 112b} in communication with the
doser (223a, 223b), the adminisiration computing device {112a, 112b), when executing
the selected subcutancous insulin treatment program for tube-fed patients (1000}, causing
the doser (223a, 223b) to adromister the recoromended doses of insulin determined by the

subcutaneous insulin treatment program for tube-fed patients (1000).
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New Patient Information

; Mame: {John Doe 2

i Height: §5'8" |

g Weight: §210 ; 5082 16146
| Dateof Birth: | 4/10/1938 ;f///” ’

; Diabetes History

i Age: {75

: Qther:

i

i

{ v ) sua)
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Current Patients List

Patient Name Patient ID] Room

o Fee (0 (o) oo | w208
Anderson, Mike v ";a’ié;BM B "%63 T

Anton, Mike 712546 302 L~ 116,146
Briggs, George 702589 308

Brown, Dan 701112 506

Brown, Paul 7039835 444

Burchfield, John 712544 412
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. . ~M16,146
Patient Details (ntraveNous)
F™ Name: JohnDos  F Room: 302{(ER) L/"““‘ 208a
Patient ID: 7045162 _ __Date of Binth: 4/10/1938 _
' iast BG: 152 moydl_(Jones. Sue) m;
230 E Last insulin Rate: §.4 units/hy ! _;é“tmégi; ==
2353@"\_1 Target Range: 90-120 ma/dl 3 b o i
Next BG Due: 7/24/2013.at 15:16 § g BG DUE! ;!\—-/” - 430
i mmmmmmmmmmmmm oo L,.,. mmmmmm g
L i Minutes 1 ate |
(3 Minutes Late) y 432
———— |
i1 Alarm OFf { e ™ 434
b e e moen o o d
‘ . 116,146
Fatient Details {Subcutaneous) '
P Name: JohnDoe = Room: 302(ER} L/m 208a
Patient ID: 7045162 _Date of Bty 4/10/1938
HRasal nsulin: Lantus |
; insulin Typs: Novolog : §"" ;‘\; ";é‘"@“‘é""_"“;
230, i § Last BG: 181 mg/di (Jones, Sue) P = — b 430
230b 1§ BG Type: Dinner i Pre-Lunch !
i Basal Dose: 15 units (1 dose per day) | | ;
| NextMeaiDose: Sunits 1 =m =
o 1

-~ 434
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intravenous: BG Entry 116,146
F™ Name: JohnBee ~ Room: 302{(ER} ?L/,/"“ 208a
Patient ID: 7045162 Date of Birthy_4/10/1938
Please enter the current blood glucose value
PR R ASAS AE S S S
i
; Enter BG Value: mg/di
i
i
230 Re-Enter BG Value: {
’/"\'j
230c |
| 1§ s this a pre-meal BG? Yes O No ;
; Meal Plan-Number of {
i Carbs Per Meal: i
N
{ Cancel } {Cnntinue}
Caution: Physician order required
Patient Details (Intravenous) 116,146
I'™ Name: JohnDoe ~ ~ Room: 302(ER) | -— 2085
lpationt ID:_ 7045162 __Date of Bintn._ 410138 L—"
§ B
| Current insulin Last BG ;
i | 430
230, 42 119 | (Eere 436
. Enter BG et
230c Units/hr mg/di ; — .
| | Start Meal o™ 438
5 Target Range insulin i
g Concentration i
!
Hi80-120 90-120 !
E mg/di mg/di |
R |
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Intravenous Meal bolus: Meal Check | 115146

F™ Name: JobnDoe ~ F Room: 302(ER) | — 2083
lpationtID: 7045162 __Dateof Bty 411071938 "

Did the Patient Eat?

O Yes

{ Cancel } ECOratinue}

FIG. 5C

116,146
Intravenous Meal bolus: Meal Check I
[~ Rems TobBas — — — — oA TR ] L 08
lPationt I 7045162 _Dateof Bty wigiioge L—"|

Did the Patient Eat?
L Yes O No
How much did the Patlent eat?

(O 25% of Meat () 50% of Meal
(O 75%ocfMeal () 100% of Meal

Q Actual Number of Carbs: E:j

i Cancel ) {Continue}

FIG. 5D
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From 600
IV Insulin f

Program
{Fig 2)

604

ABG within BGetr? ™

_ BGug)

Yes

No l rf/(’}ﬁ

Post warning

614

| {(BGwr <BG <
™ BGig) for Time > 7
S Towwe?

Post Warning
that patient has Not been in-

B Target for the required tims. { Block Transition 3

y, fo3ubQ

Ask what to do.
Ys
é 612
S
Record Transition
Muttiplier.
Use stability data to 618
calculate TDD “~
“ { Continue } { Retum to
NGosuQ jy Vo g
620 816

Recommended SubQ Record Transition Multiplier.

doses: o
= T——— - 8
Each Basal dose Use Non-stability methods to
calculate THBD

Each MealBolus

Return to
iV Insulin
i, Program
{Fig 2)

FIG. 6A
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Display brief explanation of Transition
process including:

Remaining time uniil mandatory
discontinuation of GM IV

Display Basal Dose
in interactive Basal administration

popup.

=
Hrs since First Basal > p
", ransitionRunTima?

No

628

622 ™\
Yas
630
s Display full SubQ
regimen.
e Create copy for printing/
saving
632

I

| Add patient into]
: Subll :

Cument  }
Patients lisly”

{ Discontinue IV
Y Insulin program #

!

¢

s  {ontinue to display sign
“Transition to SubQ in
FProgress”

s Continue IV Program’s
B testing routine.
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Transition Guidance 116,146
™ Name: JommDos " Room ARERT I L 208a
Patient ID: 7045162 _Date of Birth: 4/10/1938 _ L]

Transition Patisnt 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 to continue?

{ Cancel } { Yes ‘}

Caution: Physician order required

FIG. 6C

g Lo116,146
Post-Transition Plan ~
F™ Name: JohnbDoe  Room: 302(ER) | — 3083
EE%*EEGD_‘ 1 7045162~ Date of Birth: 4/10/1938 ]
After SubQ Transition:

Q Continue patient on Glucommander SubQ

() Discontinue patient from Glucommander

i Cancel } { Save }

Caution: Physician order required

FIG. 6D
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Transition Dosing Plan 116,146
[~ Name JofnBos ~ 77 TRoom 302ER T - 2084
lPatient (D 7045162 _Date of Birth: 4/10/1938 _
After SubQ Transition:

() Continue patient on SubQ
{3 Discontinue

Ordersset
Type:

Diabetes:

Basal % of Daily Basal

TOD: Dtibuton: LLDose Per Day[¥]
o/ 8

_E?gi;s % of 501% Basal Time: |

{ Cancel :} g Save }

Bolus lnsuiin:a Novolog | F

Caution: Physician order required

116,146

Transition: Start Basal
™ Name” JofinBos ™~ Reem: R ERY T
IPatient ID:_ 7045162 _Date of Birth: 4/10/1938 _ L

-~ 2088

Transition Patient to SubQ

Inject Patlient With: Give Now ()
5 Units of Lantus o
Modify Dose Give Later Q
WARNING:

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

{ Cancel } { Save }

Caution: Physician order required

FIG. 6F
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Transition Patient to SUBQ 116,146
F™ Name: JohnbDoe  Room: 202(ER) | — 2088
lPatient D: 7045162 __Date of Bitn._ 41101038 L—" |
Transition Patient to SubQ
Discontinue IV Insulin O

WARNING:

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

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

i Cancel }{ Save }

Cauition: Physician order required

FIG. 66
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interval 1502
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Rate Based On The Blood Glucose Measurements 150
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Determining, Using The Computing Device, A Blood Glucose
Percentage Drop Based On The Blood Glucose Measurements
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Determining, Using The Computing Device, A Blood Glucose Drop Rate

Based On The Blood Glucose Measuramenis And
The Time interval
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Decreasing The Time interval Between Blood Glucose Measuremenis
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