woO 2009/013637 A2 |10 0 OO0 00 00O

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization
International Bureau

(43) International Publication Date
29 January 2009 (29.01.2009)

‘ﬂb’ A0 00

(10) International Publication Number

WO 2009/013637 A2

(51) International Patent Classification: Not classified
(21) International Application Number:
PCT/IB2008/003185

(22) International Filing Date: 20 June 2008 (20.06.2008)

(25) Filing Language: English

(26) Publication Language: English
(30) Priority Data:

60/936,690 20 June 2007 (20.06.2007) US
(71) Applicant (for all designated States except US):
MEDINGO HEADQUARTERS [IL/1L]; P.O.B. 261,

20692 Yoqneam Illit (IL).

(72) Inventors; and

(75) Inventors/Applicants (for US only): YODFAT, Ofer
[ILAL]; 72 @Galil St., 71908 Maccabim-reut (IL).
SHAPIRA, GALI [IL/L]; 24 Palmach St., 34558 Haifa
(IL). GESCHEIT, Iddo, M. [IL/IL]; 6 Oppenheimer St.,
69395 Tel-aviv (IL).

(81)

(34)

Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,
AOQ, AT, AU, AZ,BA, BB, BG, BH, BR, BW, BY, BZ, CA,
CH, CN, CO, CR, CU, CZ, DE, DK, DM, DO, DZ, EC, EE,
EG, ES, FI, GB, GD, GE, GH, GM, GT, HN, HR, HU, ID,
1L, IN, IS, JP, KE, KG, KM, KN, KP, KR, KZ, LA, LC,
LK, LR, LS, LT, LU, LY, MA, MD, ME, MG, MK, MN,
MW, MX, MY, MZ, NA, NG, NI, NO, NZ, OM, PG, PH,
PL, PT, RO, RS, RU, SC, SD, SE, SG, SK, SL, SM, SV,
SY, TJ, TM, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN,
ZA, 7M, 7ZW.

Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI,
FR, GB,GR, HR, HU, IE, IS, IT, LT, LU, LV, MC, MT, NL,
NO, PL, PT, RO, SE, SI, SK, TR), OAPI (BF, BJ, CF, CG,
CIL, CM, GA, GN, GQ, GW, ML, MR, NE, SN, TD, TG).

Published:

without international search report and to be republished
upon receipt of that report

(54) Title: METHOD AND DEVICE FOR ASSESSING CARBOHYDRATE-TO-INSULIN RATIO

90

(57) Abstract: A system and a

™~
1000

N\ /

method for determining an assessed
carbohydrate to insulin ratio of a
patient is described. The system and
the method can comprise a memory
component adapted for storing an
initial set of values comprising at

1010

N\

-~

1001

AMII..S.

v

FIG. 1a

adapted for selecting a meal of a known content.

NI .

least one of a blood glucose level,
a target blood glucose level, an
insulin sensitivity, and, an estimated
carbohydrate to insulin ratio. The
system and the method can also
comprise a bolus selection component
adapted for selecting a test bolus
corresponding to the determined initial
set of values and a planned meal.
In one implementation, the bolus
selection component can receive bolus
dose input from a user, hi another
implementation, the bolus selection
component can estimate the bolus
dose using a set of available inputs
(e.g. the amount of carbohydrates
in the planned meal). The system
and the method can further comprise
a user interface component adapted
for receiving a confirmation that the
test bolus has been administered to
the patient. In some implementations,
the user interface component can be



WO 2009/013637 PCT/IB2008/003185

METHOD AND DEVICE FOR

ASSESSING CARBOHYDRATE-TO-INSULIN RATIO

FIELD OF THE INVENTION

[0001] A method and a device for sustained medical infusion of therapeutic fluids to patients is
described. Some aspects relate to portable infusion devices and to a method for infusion that
includes administering a therapeutic fluid to the patient after assessing a diabetic state of the
patient. Some aspects relate to an insulin-dispensing device configured to sense a glucose level
in the blood of the patient and to a method for infusing insulin éﬂer assessing a carbohydrate-to-

insulin ratio (“CIR™).
BACKGROUND OF THE INVENTION

[0002] Diabetes mellitus is a disease of a major global importance. The number of individuals
affected increases at almost epidemic rates, such that in 2006, this number reached
approximately 170 million people worldwide and is predicted to at least double over the next 10—
15 years. Diabetes is characterized by a chronically raised blood glucose concentration
(hyperglycemia), due to a relative or absolute lack of the pancreatic hormone - insulin. Within
healthy pancreas, beta cells that are located in the islets of Langerhans and continuously produce
and secrete insulin according to the blood glucose levels, thereby maintaining near constant
levels of glucose in the body. Long-term tissue complication affects both the small blood vessels

(microangiopathy, causing eye, kidney and nerve damage) and the large blood vessels (causing
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accelerated atherosclerosis, with increased rates of coronary heart disease, peripheral vascular
disease and stroke). These complications heavily burden the patients and health care resources

that are necessary to treat the patients.

[0003] The Diabetes Control and Complications Trial (DCCT) demonstrated that development
and progression of chronic complications of diabetes are heavily related to the degree of altered
glycemia, as quantified by determinations of glycohemoglobin (HbAlc). [DCCT Trial, N Engl J
Med 1993; 329: 977-986, UKPDS Trial, Lancet 1998; 352: 837-853. BMJ 1998; 317, (7160):
703-13 and the EDIC Trial, N Engl J Med 2005; 353, (25): 2643-53]. Thus, maintaining
‘normoglycemia, which may be accomplished by frequently measuring glucose levels and
accordingly adjusting an amount of delivered insulin, is of utmost importance. Conventional
insulin pumps can deliver insulin to the patient and can be configured to deliver rapid-acting
insulin 24 hours a day through a catheter placed under the skin. The total daily insulin dose can
be divided into basal and bolus doses. Basal insulin is delivered continuously over 24 hours and
keeps the blood glucose concentration levels (hereinafter, “blood glucose levels™) in normal
desirable range between meals as well as overnight. Diurnal basal rates can be pre-programmed
or manually changed according to various daily activities of the patient. Insulin bolus doses are
delivered before or after meals to counteract carbohydrates loads or during periods of hjgh blood

glucose concentration levels.

[0004] The bullet list below provides a sample of parameters that can be used to select the

insulin bolus dose.
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e Amount of carbohydrates (“carbs”) to be consumed. For example, the amount
of carbohydrates can be defined as “servings”, wherein 1 serving equals 15 grams

of carbohydrates.

e Carbohydrate-to-insulin ratio (“CIR”) that represents an amount of
carbohydrates balanced by one unit of insulin. CIR can be measured in grams per

one unit of insulin.

e Insulin sensitivity (“IS”), i.e., an amount of blood glucose lowered by one unit
of insulin. IS can be measured in mg/dL (milligrams/deciliter) per one unit of

insulin.
e Current blood glucose levels (CBG). CBG can be measured in mg/dL.

e Target blood glucose levels (TBG), i.e., a desired blood glucose level, which
can be measured in mg/dL. TBG for some patients with diabetes is in the range of
90-130 mg/dL before a meal, and less than 180mg/dL one to two hours after the

beginning of a meal.

e Residual insulin (RI), i.e., an amount of stored active insulin remaining in the
body of the patient after a recent bolus delivery. For example, this parameter can
be relevant when there is a short time interval between consecutive bolus doses

(e.g.., less than 5 hours).

[0005] Conventional insulin pumps require its users to constantly calculate or estimate

appropriate pre-meal insulin bolus doses. These calculations or estimations can be based on the
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above-mentioned parameters, which help provide effective control of the blood glucose levels
and, thus, maintenance of normoglycemia. Conventional portable insulin pumps include bolus
calculating means that operate based on inputs of meal carbohydrate content and glucose levels
by the patient. In these pumps, the calculated bolus dose is automatically calculated and

delivered to the patient.

[0006] An example of such conventional pumps is discussed in U.S. Patent No. 6,936,029. An
algorithm implemented in the conventional pumps is based on a formula for calculating the
recommended bolus dose, depending on the user’s IS, CIR, target blood glucose (TBG) and user
inputs of BG and Carbs intake. If the current BG is higher than the target BG, the recommended
bolus is calculated as follows:

recommended bolus = (TC/ CIR} +(CBG—-TBG)/IS - RI (1)

~- v
Food Estimate Correction Estimate

where “TC” is a total amount of carbohydrates; “CIR” is a carbohydrate-to-insulin ratio; “TBG”
is a target blood sugar; “CBG” is a current blood sugar; “IS” is an insulin sensitivity; “RI” is a

residual insulin,

If the current BG is lower than the target BG, the recommended bolus is calculated as:

recommended bolus = (TC / CIR) +(CBG -TBG)/ IS 2)

If the current BG is higher than the low target BG and lower than the high target BG (e.g.,
current blood glucose = 105 mg/dL, target blood glucose = 90-130 mg/dL) then the

recommended bolus is calculated as:
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recommended bolus = (TC/CIR) +0 3)

[0007] An accurate assessment of the CIR is essential for determining the recommended bolus

dose by the above formulas, and specifically by its “food estimate” portion (See, Equation (1)).

[0008] CIR can currently be determined by many type-1 diabetes patients using rapid acting
insulin (e.g., Humalog, Novolog) according to the so-called “450 to 500 rules”. The patient’s
CIR can be established by dividing the value corresponding to appropriate “rule” by the total
daily dose of rapid-acting insulin. For example, if the total daily insulin dose is 40 Units and the

“450 rule” is used, the CIR would approximately equal to 11 grams (i.e., 450 divided by 40).

[0009] For example, Table 1 illustrates the Carbs (in grams) covered by 1 Unit of insulin (CIR)
according to various “rules”. (Table 1 is adapted from Using Insulin, Everything You Need for
Success with Insulin, by J. Walsh, R. Roberts, C. B. Varma and T. Bailey, Torrey Pines Press ,

2003).

Table 1. Carbohydrate-to-insulin ratios according to various “rules”, where Carbs are covered by

1 Unit of insulin.
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17 15
14 13
13 11
10 9
8 8

[0010] The accuracy of the CIR calculated by “rules” is very low because the “rules” are not
patient-specific. Additionally, a number of applied “rules” is limited. Thus, for every bolus
delivery, an over/under Carbs load-estimation error is further augmented by the inaccuracy of the
CIR.The CIR values are often changed, especially in adolescents. Currently, the “rule”-derived
CIR value is programmed only once - during the pump initiation. The “rule” is not re-evaluated
throughout the usage of the bolus calculator. Thus, a serious hazard of over/under bolus dosing

should be further taken into consideration.

[0011] Accurate assessments of changes in CIR values over time enable better follow-up and

improved glycemic control.

SUMMARY OF THE INVENTION
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[0012] A system and a method for determining an assessed carbohydrate to insulin ratio of a
patient is described. The system and the method can comprise a memory component adapted for
storing an initial set of values comprising at least one of a blood glucose level, a target blood
glucose level, an insulin sensitivity, and, an estimated carbohydrate to insulin ratio. The system
and the method can also comprise a bolus selection component adapted for selecting a test bolus
corresponding to the determined initial set of values and a planned meal. In one implementation,
the bolus selection component can receive bolus dose input from a user. In another
implementation, the bolus selection component can estimate the bolus dose using the available
inputs (e.g. the amount of carbohydrates in the planned meal). The system and the method can
further comprise a user interface component adapted for receiving a confirmation that the test
bolus has been administered to the patient. In some implementations, the user interface
component can be adapted for selecting a meal of a known content. For example, a user can
select a meal type (e.g. a banana). In some implementations, a user can select the meal type by

selecting the meal content (e.g. 24g of carbohydrates).

[0013] The system and the method can further comprise a blood glucose sensing component
adapted for determining a post-bolus blood glucose level of the patient. The system and the

method can also comprise a CIR assessment component adapted for determining the assessed
carbohydrate to insulin ratio of the patient based on the initial set of values and the post-bolus

blood glucose level value.

[0014] In one implementation, if a difference in blood glucose values calculated by subtracting

the initial blood glucose level value from the post-bolus blood glucose level value is less than a
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predefined absolute value, then the assessed carbohydrate to insulin ratio can be determined to be

substantially the same as the initial carbohydrate to insulin ratio of the patient.

[0015] In another implementation, if a difference in the blood glucose values calculated by
subtracting the initial blood glucose level value from the post-bolus blood glucose level value is
greater than a predefined value, the user interface component is further adapted for advising the

patient to administer a correction bolus.

[0016] In yet another implementation, if a difference in the blood glucose values calculated by
subtracting the post-bolus blood glucose level value from the initial blood glucose level value is
greater than a predefined value, the user interface component is further adapted for advising the

patient to consume an amount of carbohydrates to achieve the target blood glucose level.

[0017] The user interface component can be adapted for advising the patient to fast for a period
of time prior to determining the initial set of values. For example, the period of time can be

longer than five hours.

[0018] The user interface component can further be adapted for advising the patient to achieve
normoglycemia prior to determining the initial set of values. The user interface component can
further be adapted for advising the patient to achieve normoglycemia after the confirmation that

the test bolus has been administered is received.

[0019] In one variation, the determination of normoglycemia can be made by comparing the
post-bolus blood glucose level of the patient to the target blood glucose level. In one
implementation, while the normoglycemia is not achieved, the user interface component can be

adapted for repetitively requiring the patient to perform a glucose correction. For example, the

8
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blood glucose sensing component can retest the post-bolus blood glucose level of the patient
after each glucose correction. In one variation, the glucose correction can comprise at least one

of the administering a correction bolus and consuming a correction glucose.

(0020} In one implementation, the assessed carbohydrate to insulin ratio can be determined
based on the correction bolus. The assessed carbohydrate to insulin ratio can also be determined
based on the correction glucose. In one implementation the user interface can further be adapted

for requiring the patient to perform the glucose correction during a predetermined period of time.

[0021] In one vanation, the system for determining the carbohydrate to insulin ration can further
comprise an insulin infusion component coupled to said blood glucose sensing component. The

insulin infusion component can be configured as a patch unit adherable to the skin of the patient.

[0022] The system can further comprise a remote control unit configured to communicate with
the patch unit and further configured to allow programming and data acquisition. In some

implementations, the CIR assessment component can reside in the remote control unit.

[0023] In one variation, the blood glucose sensing component can be a glucose monitor. The

glucose monitor can be a glucometer or, in some implementations, a CGM.

[0024] In some implementations, the device can be configured to continuously monitor body
glucose levels and simultaneously deliver insulin bolus doses to the body of the patient based on
the assessed patient’s CIR-values. The device can be miniature, discreet, economical and cost-
effective. A system can also be provided that includes a miniature patch, that is securable to the
skin of the patient and that can continuously dispense insulin based on the assessed patient’s

CIR-values.
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[0025] A device that includes an insulin patch unit configured to assess patient’s CIR values and
that includes a disposable part and a reusable part is also described. The reusable part can be
configured to include relatively expensive components and the disposable part is configured to
include relatively cheap components. The patch unit can also be configured to continuously

monitor insulin and glucose levels in the patient.

[0026] In some implementations, a described device can be configured to include an insulin
infusion patch unit that can be remote-controlled and capable of assessing patient’s CIR-values.
The patch unit can also be configured to continuously monitor insulin and glucose levels in the

patient.

[0027] In some implementations, the CIR-value assessment feature can be implemented in a
device that is configured as remote-controlled insulin infusion patch unit. It can also be

implemented in a remote unit of an insulin dispensing device.
BRIEF DESCRIPTION OF THE DRAWINGS

[0028] FIGS 1a-b illustrate some examples of the devices that can implement the CIR

assessment feature.

[0029] FIGS 2a-b illustrate exemplary insulin infusion devices having an insulin dispensing unit

and a remote control unit that contains one implementation of the CIR assessment feature.

[0030] FIGS 3 a-b illustrate exemplary insulin infusion devices including continuous
subcutaneous glucose monitors that are configured to provide blood glucose readings for some

implementations of the CIR assessment feature.

10
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[0031] FIG 4 is an exemplary block diagram representing a sample algorithm that can be used by

the CIR assessment feature.

[0032] FIG 5 is another exemplary block diagram representing another algorithm that can be

used by the CIR assessment feature.

[0033] FIGS 6a-b provide a sample CIR assessment algorithm and a sample diagram of the

blood glucose values over time.

[0034] FIGS 7a-b is an exemplary CIR assessment algorithm for a situation in which the blood

glucose remains high after the predefined period of time.

[0035] FIGS 8a-b is an exemplary CIR assessment algorithm for a situation in whiéh
normoglycemia is reached before the predefined period of time has expired, but hypoglycemia is

presented in subsequent measurements.

[0036] FIGS 9a-b illustrate exemplary insulin infusion devices provided with the CIR

assessment feature.

[0037] FIGS 10a-c illustrates exemplary insulin infusion devices having blood glucose monitors
deployed in three sample locations for providing blood glucose (BG) readings to the CIR

assessment feature.

[0038] FIG 11 illustrates exemplary CIR assessment feature located in a remote control unit and

inaPC.

11
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DETAILED DESCRIPTION OF THE EMBODIMENTS

[0039] A system and a method for determining an assessed carbohydrate to insulin ratio of a
patient is described. The system and the method can comprise a memory component adapted for
storing an initial set of values comprising at least one of a blood glucose level, a target blood
glucose level, an insulin sensitivity, and, an estimated carbohydrate to insulin ratio. The system
and the method can also comprise a bolus selection component adapted for selecting a test bolus
corresponding to the determined initial set of values and a planned meal. The system and the
method can further comprise a user interface component adapted for receiving a confirmation
that the test bolus has been administered to the patient. The system and the method can further
comprise a blood glucose sensing component .adapted‘ for determining a post-bolus blood glucose
level of the patient. The system and the method can also comprise a CIR assessment component
adapted for determining the assessed carbohydrate to insulin ratio of the patient based on the

initial set of values and the post-bolus blood glucose level value.

[0040] In some implementations, the CIR-value assessment can be carried out according to the

following steps that can be performed in any suitable order:

1. Prior to assessing CIR-values of the patient, the patient may be
required to fast and rest for a period of time (e.g., 5 hours). During
this period, any influence of residual insulin can be substantially

eliminated.

2. During a first blood glucose (“BG”) measurement step, patient’s

BG is sensed and measured (CBGy).

12
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3. During a contemplated Carb in-taking step, the patient may
contemplate to consume a snack that contains known amount of
carbohydrates of a high glycemic index (e.g., a marketed bag of
pretzels). The glycemic index (“GI”) is a ranking system for
carbohydrates based on their effects on blood glucose levels in the
first two hours. The snack should not be a high-fat or high —
protein food (which can take longer to digest and are slower to

affect BG).

[0041] Table 2 below illustrates few examples of recommended foods and their GIs.

most fruit and vegetables (but not potato), oats, buckwheat, whole

| barley, All-bran

56 - 69 sucrose, basmati rice

70 or cornflakes, baked potato, jasmine rice, white bread, white rice, Mars

5| more { bar

4, During bolus administering step, normal insulin bolus (as opposed
to the extended bolus) is being administered to the patient,

according to the contemplated Carb intake. The administered bolus

13
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is calculated using the Carb load divided by the currently applied

CIR-values (i.e., bolus = Carb/current CIR values).

5. During a Carb in-taking step, the patient can consume the

contemplated snack from step (3).

6. In the next step, consecutive BG measurements can be observed
until at least two consecutive BG measurements are approximately
the same (CBG)), that is £Ymg/dL(e.g.Y = 10 mg/dL), or until
the duration of insulin action (e.g. 3 hours) has elapsed. In one
implementation, the time between BG measurements can be 10-30

minutes.

7. The difference between CBG; and CBGgcan be calculated and

the CIR-value can be re-evaluated accordingly.

[0042] In some implementations, the patient can avoid additional food intake or bolus insulin
delivery during the above‘ test. In some implementations, the above test should nqt be carried out
during a stressed condition (e.g., illness, menses, etc.) because of increased basal requirements
that could alter the accuracy of CIR-values assessment. In some implementations, if a glucose
level substantially returns to its initial value (i.e. BGy), then the current CIR value can be
adequate. If glucose level doesn't return to it's initial value (i.e. BGy), then the current CIR value
(*CIRoi4”) can be inadequate and a new CIR value (“CIRqew”) can be calculatéd according to a

formula discussed below and applied.

14
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[0043) According to one embodiment, if CBG, - CBGp> Y mg/dL (Y being a relatively small
number, e.g. 10mg/dL) then:
CIRou* Carb

CBG-TBG
IS

CIRNew =

carb+ CIRou*
4
[0044] In one implementation, if CBG,>TBG a correction bolus can be administered according
to the following equation: (CBG,-TBG)/IS wherein CBG; is the blood glucose at the end of the
test, TBG is the target BG, IS is the user's insulin sensitivity. According to one embodiment, if

CBG, - CBGp < -Y mg/dL (Y being a relatively small number, e.g. 10mg/dL) then

Carb
carb ABG

CIR,, IS

CIR,,, = )

wherein ABG = CBGy — CBG,

According to such an embodiment, if CBG,<TBG correction carbs(CC) is to be consumed
according to the following equation:

CC= (CIRyes(TBG-BG1))/IS (6)

[0045] According to the assessed CIRew value, the pump’s CIR value setting can be set by a
caregiver (e.g., nurse, physician) or by the patient and further bolus doses can be administered

according to CIRpew.

[0046] In some embodiments, the new CIR value can be automatically re-set without
involvement of user interface, and further bolus doses can be administered according to the new

CIR. According some embodiments, the pump can be configured to remind the patient to

15
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perform a CIR value assessment test periodically or at every predetermined period of time (e.g.,
each month). According to some embodiments, the pump may remind the user to perform a CIR
value assessment test more frequently if there is significant variability in the CIR values between

previous tests.

[0047] In some implementations, the CIR assessment capability can be implemented in an
insulin infusion device. In other embodiments, the CIR assessment capability can be
implemented in a glucose monitoring device. In yet other embodiments, the CIR assessment
capability can be implemented in a device that can be configured to deliver insulin and monitor
glucose levels and that can be further configured to deliver insulin automatically or semi-
automatically based on the sensed glucose levels (for example, in a closed, a semi-closed or an

open-loop system).

[0048] In some embodiments, the CIR value assessment can be implemented in an insulin
infusion device having an insulin dispensing patch unit and a remote control unit, wherein a
glucose sensing apparatus (e.g., glucometer) can be integrated in the remote control unit. In some
embodiments, the dispensing patch unit may be composed of two parts: a reusable part that
includes all electronic and driving components (i.e., relatively expensive components) and a
disposable part that includes insulin reservoir (and other cheap components). The glucose
sensing apparatus can be alternatively be integrated in the reusable part of the device. In some
embodiments, the CIR assessment capability could be implemented in the remote control unit of
the insulin infusion device. Alternatively, the CIR assessment capability could be implemented

in the reusable part of the device.

16
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[0049] In some embodiments, the CIR assessment capability can be implemented in the
dispensing patch unit that continuously senses and monitors body glucose concentration levels
and can concomitantly deliver insulin into the body. The dispensing patch unit may include a
reusable part and a disposable part. The insulin-dispensing and glucose-sensing capabilities can
be combined into a semi-closed loop system, where a processor-controller apparatus controls the

dispensing of basal insulin according to the sensed glucose concentration.

[0050] In some embodiments, the CIR assessment capability is implemented in the remote
control unit of the device. Alternatively, this capability could be implemented in the reusable part
of dispensing patch unit of the device. Alternatively, the CIR assessment capability could be
implemf;nted in both the reusable part of the dispensing patch unit of the device and the remote

control unit of the device.

[0051] FIGS 1a and 1b illustrate embodiments of a device (1000) for dispensing a therapeutic
fluid in a patient, e.g., insulin in a diabetes patient. The device (1000) includes an insulin
infusion unit (1010), that can be configured as a pump, a separate glucose measurement unit
(e.g., glucometer) (90), and a CIR assessment feature (10). According to some embodiments of
the device, the insulin infusion pump unit (1010) can be configured to include a cannula (6) that
penetrates the skin (5) to allow delivery of insulin to the patient. In FIG 1a, the CIR assessment
feature (10) is located in the insulin infusion pump unit (1010). In FIG 1b, the CIR assessment
feature (10) is located in the glucose measurement unit (90). According to some embodiments,
the insulin infusion pump unit communfcates with a remote control unit allowing programming,
user inputs and data acquisition. In still further embodiment of the system the CIR assessment

feature may be located in the remote control unit. According to some embodiments, the

17
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glucometer is not a separate item but can be retrofitted within the insulin infusion pump unit or it
may be installed in the remote control unit. As can be understood by one skilled in the art, other
embodiments of the device, in which the CIR assessment feature may be located either in the

glucometer, the pump unit, the remote control unit or anywhere else are possible.

[0052] According to some embodiments, the device can be configured to include an insulin
infusion pump, a continuous glucose measurement (CGM) item, and a CIR assessment feature.
In this embodiment the CIR assessment feature may be located in either the pump or the CGM

item.

[0053] In some implementations, the insulin infusion pump unit can be configured to include a
continuou§ glucose measurement (“CGM?”) item. In fhese embodiments, thé infusion pump and
the CGM may be located in the same housing and may communicate with a remote control unit.
A CIR assessment feature may be located either in the CGM, the pump unit, or in the remote

control unit.

[0054] FIGS 2a and 2b illustrate exemplary embodiments of a device, in which an insulin
infusion pump (1010) is configured as a patch unit that can be adhered to the user’s skin (5). The
system includes a remote control unit (1008) that communicates with the patch unit allowing

programming, user inputs and data acquisition.

[0055] Manual inputs can be effectuated by buttons (not shown in FIGS 2a-b) located on the
patch unit. The patch unit can be configured to include one housing as shown by the dotted line

(1011) in FIG 2a. Alternatively, the patch unit can be configured to include two housings (1001,

18
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1002) that are configured as reusable part (1) and disposable part (2), respectively, as shown in

FIG 2b.

[0056] In some embodiments, the patch unit can be configured to include a cannula (6) that
penetrates the skin (5) to allow delivery of insulin to the patient. The patch unit (1010) can be
configured to be directly attached to the user’s skin by an adhesive (not shown in Figures 2a-b).
Alternatively, it can be configured to be attached to a dedicated cradle unit (not shown in Figures
2a-b) that is adherable to the user’s skin (5) and allow connection/disconnection of the patch unit
(1010). An éxemplary embodiment of this arrangement is discussed in a co-owned, co-pending
U.S. Provisional Patent Application No. 60/876,679, the disclosure of which is incorporated

herein by reference in its entirety.

[0057] In some embodiments, the remote control unit (1008) can be configured to include the
CIR assessment feature (10) that has a processor (3010), an input means (3020) and a display
(3030). The input means (3020) allows programming of the CIR assessment feature (10). The
input means (3020) also can be used for programming of the patch unit (1010). The remote
control unit (1008) can be configured to include an announcement means (for example, a

speaker, a vibrating element, a flash indicator, or any other suitable device).

{0058] FIGS 3a and 3b illustrate exemplary embodiments in which blood glucose readings (that
are supplied to the CIR assessment feature (10)) are received from a dedicated and continuous
subcutaneous glucose monitor (1006). A communication channel can be configured to connect
the glucose monitor (1006) and the CIR assessment feature (10). In some embodiments, the

* communication channel can be configured to reside in the remote control unit (1008) and can

further be configured to allow programming, data handling, and user inputs.
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[0059] FIG 3a illustrates an exemplary embodiment, in which the current blood glucose (BG) is
measured by an independent continuous subcutaneous glucose monitor (1006). FIG 3b illustrates
an exemplary embodiment, in which the continuous subcutaneous glucose sensing monitor

(1006) is integrated within the patch unit of the insulin delivery device.

[0060] The insulin infusion device in the embodiment of FIG 3b can be configured to include a
dispensing apparatus (1005) and glucose sensing monitor (1006) that can be further configured
to constitute a single delivery device. Thjs delivery device can be configured to use a single
cannula (6) shared by both dispensing and sensing apparatus. An exemplary embodiment of this
apparatus is further discussed in the co-owned, co-pending U.S. Patent Application No.
11/706,606, the disclosure of which is incorporated herein by reference in its entirety. In some
embodiments, the sensing apparatus and the dispensing apparatus can be configured to have
separate cannulae that penetrate the skin (5) and reside in the subcutaneoﬁs tissue. The insulin
infusion device of these embodiments can be conﬁgured to include two parts — a reusable part (1)

and a disposable part (2) that correspond to housing (1001, 1002), respectively.

[0061] In sorﬁe embodiments, the insulin infusion device may function in a closed loop or semi
closed loop mode. Insulin can be automatically dispensed according to a continuous monitoring
of glucose concentration levels (using a closed-loop mode) or according to a continuous
monitoring and additional pre-meal bolus patient-inputs (using a semi-closed loop mode). The
CIR assessment feature (10) can be also incorporated in this embodiment and used for

calculation of the bolus inputs when the system functions in a semi-closed loop mode.

[0062] FIG 4 is an exemplary flow chart representing a method for assessing CIR values that can

be implemented in the CIR assessment feature. The method includes several steps representing a
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test procedure in which BG of the patient can be sensed and measured and the CIR can be
calculated. The steps can be performed either in the order presented or in any other suitable
order. In some embodiments, the method begins with a step (50), where the user may be required
to fast and avoid strenuous physical activity for a specified period of time (e.g., 5 hours) prior to
the beginning of the test procedure. This allows previous boluses to be substantially eliminated.
At the end of the fasting period the BG is measured (BGp). This BG measurement serves as the

baseline BG value for the test.

[0063] Further, the method can involve use of three patient parameters: a range of TBG (e.g., 80
mg/dL — 120 mg/dL), IS and CIR,4 which is the Carbohydrate-to-Insulin Ratio that is known
prior to carrying out the test procedure. This is shown in step (51). The method then can proceed
to step (52), where the patient contemplates to consume.a meal with a known amount of
carbohydrates, and preferably with a high glycemic index (e.g., an energy bar). In step (53), a
normal insulin bolus can be administered to the patient. The normal insulin bolus can be |
calculated based on the previously known CIR, i.e., Bolus = Carbs/CIR,y. The method then can
proceed to step (54), where the patient consumes the contemplated meal from step (52). The
method then can proceed to step (55), where current BG levels (“CBG”) are sensed and
measured periodically (e.g., every 15 mimites) until at least two measurements are approximately
the same, "BG;" (e.g. £+10mg/dL). Alterntively, at least | BG measurement can be carried out
after the duration of insulin action (user specific, e.g. 4 hours) has elapsed. The difference

between "BG,;" and "BGy" can then be calculated, see step (56).

[0064] If the difference between "BG," and "BGy" is smaller than the absolute value of a certain

predefined "Y" (e.g. Y=15mg/dL), than:
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CIRsew = CIRo14 (7)
That is, there is no change in the user's CIR value.

If the difference between "BG," and "BGy" is larger than a certain predefined "Y" (e.g.
Y=15mg/dL), than not enough insulin was administered at step (53) because the currently
applied CIR value is too high. A new, smaller, CIR value is calculated, see step (58), according

to the following equation:

CIRowu * Carb
« CBG -TBG
IS

CIRNew =

carb + CIRou
(8)

If the user is not euglycemic (i.e. low TBG<BG;<high TBG), then the user can be recommended
to administer a correction bolus that can bring him/her to target BG range, see step (59). The

correction bolus can follow the formula:
CB=(CBG,-TBGY/IS (9)

If the difference between "BG," and "BGy" is smaller than a certain predefined "-Y" (e.g. Y=
-15mg/dL), then, it is possible that too much insulin was administered at step (53) because the
currently applied CIR value is too small. A new, higher, CIR value can be calculated, see step

(80) according to the following equation:

Carb
Roow=ary_ape 10

CIR, IS
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If the user 1s not euglycemic (i.e. low TBG<BG,<high TBG), than the user is recommended to
consume carbohydrates ("CC") that will bring him/her to target BG range, see step (81). The

correction bolus follows the formula:
CC=(CIRNew(TBG-BG)))/IS (11)

[0065] In some implementations, a continuous glucose monitoring device (“CGM”) can be used
in conjunction with the CIR assessment feature. In these embodiments, glucose measurements
can be continuously carried out by the CGM device, thereby making periodic measurements

redundant.

[0066] FIG 5 is another exemplary flow chart representing a method for assessing CIR values
that can be implemented in the CIR assessment feature. The method can include several steps
representing a test procedure in which BG of the patient can be sensed and measured and the

CIR can be calculated. In some embodiments, the method can begin with a step (60), where the
user may be required to fast and avoid strenuous physical activity for a specified period of time
(e.g., at least 5 hours) prior to the beginning of the test procedure. This can allow the patient to
be brought under a normoglycemia state, that is, patient’s current blood glucose level (“CBG”) |
can satisfy the following condition (low TBG) < CBG < (high TBG), as shown by arrow (60a). If
this condition is not fulfilled, the method may not proceed further and can be terminated, as
designated by a numeral (60b). The patient may be required to fast for the predetermined period

of time (e.g., at least 5 hours) so that the patient can be brought up to a normoglycemia state.

[0067] Further, the method can involve use of three patient parameters, for example: a range of

TBG (e.g., 80 mg/dL — 120 mg/dL), IS and CIR,jq which is the Carbohydrate-to-Insulin Ratio
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that is known prior to carrying out the test procedure. This is shown in step (62). The method
then can proceed to step (64), where the patient can plan to consume a meal with a known
amount of carbohydrates, and preferably with a high glycemic index (e.g., an energy bar). In step
(66), a normal insulin bolus can be administered to the patient. The normal insulin bolus can be
calculated based on the previously known CIR, i.e., Bolus = Carbs/CIR,q. The method then can
proceed to step (68), where the patient can consume the meal planned at step (64). The method
can proceed to step (70), where current BG levels (“CBG”) can be sensed and measured
periodically (e.g., every 15 minutes). In some embodiments, these measurements can be carried
out during a certain test time limit (e.g., 2-3 hours). For simplicity of explanation, each such
period will be designated by a counter “i” while a total number of periods used for CIR

determination will be designated by “n”.

[0068] In some implementations, if the CBG measurement shows noi‘moglycemia (as illustrated
by step (70a)) after a single BG observation (n = 1), the assignment of the initial parameters (72)
(CB, and CGy, i.e. initial correction bolus and initial glucose correction, respectively) in the
CIR formula (as shown in step (74)) can mean that the CIR values do not change (CIR ey =

CIR,14).

[0069] Since n = 1, the initial parameters (72) CB,; and CG, (both are assigned to be zero) are

substituted into the formula shown in step (74):

n

[](Carbs+CG,)
Vn=1: CIR,,=CIR,, -—=! =CIR

. Carbs+0 _ c
n old -
[ [(Carbs+CB,-CIR,,)

i=\

IR 12
Carbs +0 old (12)
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resulting in CIRpew = CIRgq.

[0070] In some implementations, if the CBG level is above the target zone (TBG) (this is shown
by step (70b)), then the CG; can be assigned to zero, as shown in step (76b), and a correction
bolus can be administered to the patient, as shown in step (78b). For example, the correction
bolus can be calculated according to the formula:

CB = CBG-TBG

j S (13)

[0071] In some implementations, if the CBG level is below the target zone (TBG) (this is shown
in step (70c)), then the CB, can be assigned as zéro, as shown in step (76c), and a glucose
correction, for example, 15g of Carbs, can be administered to the patient, as shown in step (78c).
In some implementations, the above steps, commonly designated by a numeral 70°, may be
repeated several times until normal BG level is achieved, as shown by step (70a) and the values
of CB; and CG; are stored in memory (e.g., CPU). When the CBG valué achieves a level
corresponding to normoglycemia (shown by step (70a)), the stored data (CG; and CB;) can be
extracted and substituted in to the formula shown in step (74) for the purposes of re-evaluation of

CIR,.w values, according to the following formula:

l_”I(Carbs +CG;)
CIR,, =CIR,, -—! (14)

[](Carbs+CB,-CIR,,)

i=1

where Carbs is the consumed amount of carbs (as shown in step (68)) and CIR,yq is the

CIR known before the CIR test.
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[0072] In some embodiments, if at beginning of this method (i.e., i = 1) the CBG is greater than
TBG, then CG, = 0 and CB, can be calculated according to the formula (11) also shown in step
(78b). Thus, CB, = 15 Units. Assuming that after the next group of measurements (as shown by
a group of steps (70)), the patient’s BG level is still not in the target zone and is lower then TBG,
a glucose correction is administered to the patient, as shown in step (78c). Thus, CB; = 0 and
CG; = 15g. If the patient’s BG level is in the target zone, as shown in step (70a), the CIR value

can be re-assessed, according to the formula shown in step (74) as follows:

n

H(Carbs +CG,)
Vn=2: CIR,, =CIR , -—*=! =
[1(Carbs+CB,-CIR,,)
i=)

(Carbs + CG,)-(Carbs + CG,) ~
"(Carbs+CB, -CIR,,)-(Carbs + CB, -CIR,;) — )
(Carbs + 0) . (Carbs +CG, ) _
"(Carbs +CB,-CIR,;)-(Carbs +0)

_ Carbs +CG,
Carbs +CB,-CIR ,

= CIRoId

= CI Ro)d

=CIR,,

Based on the above, CIR,., value can be calculated since all members of the formula given

above are now known.

[0073] In some embodiments, a continuous glucose monitoring device (“CGM”) can be used in
conjunction with the CIR assessment feature. In thesé embodiments, glucose measurements can
be continuously carried out by the CGM device, thereby making periodic measurements
redundant. In some embodiments, the CGM device may alarm the patient or any other user of the

system when the CBG value enters and/or exits the target zone during the CIR assessment test.
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[0074] FIG 6a is an exemplary flow chart illustrating a method of assessing CIR values,

according to the algorithm depicted in FIG 5, in a situation when the blood glucose returns to the
normal level within the predetermined time limit (e.g., 3 hours). In this exemplary embodiment,
IS = 45mg/dl/unit, CIR = 15 grams, and TBG is in the range of 80-120 mg/dL. According to this

example, the following steps can be carried out in any suitable order:

1. Patient fasts and rests for five hours (step (60)).

2. CIR value can be assessed , for example, when the measured fasting glucose equals to

105 mg/dL, which falls in the target zone (step (60)).

3. The patient plans to consume an energy bar (or any other type of food containing

designated dosage of carbohydrates), which has 30 grams of carbohydrates (step (64)).

4, A normal insulin bolus of 2U can be administered to the patient (step (66)) (based on the

contemplated carbs intake).

5. The patient can consume the contemplated carbs intake having 30g of carbohydrates (step
(68)).
6. Blood glucose (BG) can be observed every 30 minutes during the first hour, and every 20

minutes thereafter until normoglycemia is reached (step (70)). In this example, normoglycemia

can be achieved after 100 minutes (which is within the time limit of the test).

7. Two additional consecutive BG measurements are carried out to ensure that
hypoglycemia does not occur and that the patient’s BG levels remain within the target zone, i.e.,

normoglycemia is maintained.
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8. Normoglycemia can be maintained (step (70a)), which means that the current CIR value

can be adequate and should not be changed (step (74)).

[0075] FIG 6b is an exemplary plot that illustrates sample patient’s observed BG values over
time. In the beginning when t = 0, the patient consumes the above referenced carbs load. When
CGM device is used in conjunction with the CIR assessment feature, the BG can be measured
more frequently (e.g., every 5 minutes). In FIG 6b, two horizontal gray lines represent the target
zone’s boundaries associated with a partiéular patient (80mg/dL < BG < 120mg/dL). Such

boundary lines of the target zone can be set based on a specific patient.

[0076] FIG 7a is an exemplary flow chart illustrating an example of the method for assessing
CIR value according to the algorithm depicted in FIG 5, in a situation when the blood glucose
level remains high after the predetermined test’s time limit has passed (e.g., 2 hours). The
following parameters are applicable in tﬁjs example: IS = 45mg/dV/unit, CIR = 15g, and TBG is
in the range of 80 - 120 mg/dL. Based on these parameters, the following steps can be carried out

in any suitable order:
1. The patient fasts and rests for at least five hours (step (60)).

2. CIR value can be assessed when the measured fasting glucose equals to 105 mg/dL,

which falls within the target zone (step (60)).

3. The patient can plan to consume an energy bar (or any other food) that has 30 g of

carbohydrates (step (64)).
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4. A normal insulin bolus of 2U can be administered to the patient based on the carb intake

(step (66)).

5. The patient can consume the planned carb intake having 30g of carbohydrates (step (68)).

6. Blood glucose (BG) is observed every 30 minutes during the first hour, and every 20

minutes thereafter until the time limit of the test has passed (3 hours) (step (70)).

7. A correction bolus of 1.1U can be administered to the patient (step (78b)), according to

the following calculation:
(CBG-TBG)YIS =(150-100)/45=1.1U (16)

8. Once normoglycemia is achieved, while the BG is periodically‘ measured, the prior CIR
value (CIR,q) can be re-evaluated by the CIR assessment feature and a new CIR (CIR,.w) can be

calculated (step (74)), for example, according to the following:

CIR,,; *carb 15*30

CIRoe = . (CBG-TBG) _ (150-100)
IS 45

=10g (17)

carb+CIR 30+15*

[0077] FIG 7b illustrates an exemplary plot of patient’s BG values over time. For example, in the
beginning, when t = 0, the patient can consume the carbohydrate load. By the end of the test’s
time limit, the patient can become hyperglycemic, thus, a correction bolus can be administered
and a new CIR can be determined. In FIG 7b, two horizontal gray lines can represent target zone

boundaries associated with a particular patient (80mg/dL < BG < 120mg/dL).
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[0078] FIG 8a is an exemplary flow chart illustrating a method of assessing CIR values,
according to the algorithm depicted in FIG 5 in a situation when normoglycemia is reached prior
to the expiration of the test’s time limit, but hypoglycemia is presented as follows from
subsequent BG measurements. The following parameters are applicable in this example: IS =
45mg/dl/unit, CIR = 15 g, and TBG is in the range of 80 - 120 mg/dL. According to the example,

the following steps are carried out:

1. The patient can fast and rest for five hours (step (60)).

2. CIR value can be assessed when the measured fasting glucose equals to 105 mg/dL,

which falls within the target zone (step (60)).

3. The patient can plan to consume an energy bar that includes 30 grams of carbohydrates
(step (64)).
4, A normal insulin bolus of 2U can be administered to the patient (step (66)) (according to

the carbs intake).

5. The patient can consumes the planned carb intake having 30g of carbohydrates (step
(68)).
6. Blood glucose (BG) can be measured every 30 minutes during the first hour, and every

20 minutes thereafter until normoglycemia is reached (step (70)).

7. Two additional consecutive BG measurements can be carried out, which provide

evidence that hypoglycemia occurs.
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8. The patient can consume a correction glucose carbohydrates dose of 15g (e.g., tablespoon
of honey) (step (78¢)).
9. Normoglycemia can be established (i.e., patient’s BG level is within the target zone).

10. The prior CIR value (CIR,4) can be re-evaluated (step (74)) and a new CIR value

(CIRpew) can be calculated according to the following:
CIRpew = CIRg4 + CIR¢(CG/carb) = 15+15%(15/30) = 22.5¢g (18)

[0079] FIG 8b illustrates an exemplary plot of the user’s BG values over time. In the beginning
when t = 0, the patient can consume a carbs load. The patient can reache normoglycemia prior to
the expiration of the test’s time limit (3 hours), however, hypoglycemia can occur as evidenced
by the results of the measurements in step 7 above. The patient can consume a corrective carbs
dose and a new CIR value can be determined. In FIG 8b, two horizontal gray lines represent the

target zone boundaries associated with a particular patient (80mg/dL < BG < 120mg/dL).

[0080] FIGS 9a and 9b illustrate exemplary embodiments of the system in which the insulin
delivery device can be configured as the patch unit (1010) having two parts located in two
separate housings (1001, 1002). The parts of the patch unit are — a reusable part (1) and a
disposable part (2). Thé relatively cheap components of the device reside in the disposable part
(2) (e.g., cannula (6)) and the relatively expensive components reside in the reusable part (1). In
other exemplary embodiments, the cannula (6) can be attached to a skin adhered cradle unit

allowing the connection and disconnection of the patch unit.
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[0081] In some embodiments, the system can be configured to include a remote control unit
(1008) and a CIR assessment feature (10). In some embodiments, the CIR assessment feature can
include memory, database, processor, source of energy, and input/output interface. Programming
of the patch unit can be carried out by a remote control unit or by dedicated buttons (not shown
in Figure 9) provided on the patch unit. In FIG 9a, the CIR assessment feature (10) is configured
to be located in the remote control unit (1008). In FIG 9b, the CIR assessment feature (10) is

configured to be located in the reusable part (1) of the patch unit (1010).

[0082] FIGS 10a, 10b and 10c illustrate three exemplary embodiments of the insulin delivery
device, each containing a glucometer (90). The glucometer (90) can be used for acquiring blood

glucose (BG) values inputted to the CIR assessment feature (10).

[0083] FIG 10a illustrates a glucometer (90) located in the remote control unit (1008) of the
device. In this embodiment, the glucometer (90) includes an opening (95) for receiving of a test
strip (99). The patient can extract blood from the body, place a blood drop on the test strip (99)
and insert the test strip into the opening (95). The glucose readings are displayed on a screen (80)
of the remote control unit (1008). FIG 10b illustrates a glucometer (90) located in the reusable
part (1) of the patch unit (1010). A communication channel (300) is configured to connect the
glucometer (90) residing in the patch unit (1010) and the CIR assessment feature (10) residing in
the remote control unit (1008). The communication channel is configured to allow programming,
data handling, and user inputs. FIG 10c illustrates an exemplary embodiment in which glucose

readings are (90) received from an independent glucometer.

[0084] FIG 11 illustrates another exemplary embodiment of the insulin delivery system where

the CIR assessment feature (10) is configured to be located in a remote control unit (1008) that
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communicates with an external PC (50). According to this embodiment, any changes of the
parameters representing the diabetic state of the user (e.g., CIR) can be saved and can be
displayed in any graphical or non-graphical manner. In some embodiments, the saved data may
automatically be sent to the patient’s doctor or any other medical practitioner (e.g., by electronic

mail or any other means) for evaluation, validation or any other clinical intervention.

[0085] Although particular embodiments have been disclosed herein in detail, this has been done
by way of example for purposes of illustration only, and is not intended to be limiting with
respect to the scope of the appended claims, which follow. In particular, it is contemplated by
the inventors that various substitutions, alterations, and modifications may be made without
departing from the spirit and scope of the invention. Other aspects, advantages, and
modifications are considered to be within the scope of the disclosure. The claims presented are
representative of at least some of the embodiments diéclosed herein. Other presently unclaimed
embodiments and/or inventions are also contemplated. The inventors reserve the right to pursue

such embodiments/inventions in later claims.

[0086] Various implementations of the subject matter described herein may be realized in digital
electronic circuitry, integrated circuitry, specially designed ASICs (application specific
integrated circuits), computer hardware, firmware, software, and/or combinations thereof. These
various implementations may include implementation in one or more computer programs that are
executable and/or interpretable on a programmable system including at least one programmable
processor, which may be special or general purpose, coupled to receive data and instructions
from, and to transmit data and instructions to, a storage system, at least one input device, and at

least one output device.
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[0087] These computer programs (also known as programs, software, software applications or
code) include machine instructions for a programmable processor, and may be implemented in a
high-level procedural and/or object-oriented programming language, and/or in assembly/machine
language. As used herein, the term “machine-readable medium” refers to any computer program
product, apparatus and/or device (e.g., magnetic discs, optical disks, memory, Programmable
Logic Devices (PLDs)) used to provide machine instructions and/or data to a programmable
processor, including a machine-readable medium that receives machine instructions as a
machine-readable signal. The term “machine-readable signal” refers to any signal used to

provide machine instructions and/or data to a programmable processor.

[0088] To provide for interaction with a user, the subject matter described herein may be
implemented on a computer having a display device (e.g., a CRT (cathode ray tube) or LCD
(liquid crystal display) monitor) for displaying information to the user and a keyboard and a
pointing device (e.g., a mouse or a trackball) by which the user may provide input to the
computer. Other kinds of devices may be used to provide for interaction with a user as well; for
example, feedback provided to the user may be any form of sensory feedback (e.g., visual
feedback, auditory feedback, or tactile feedback); and input from the user may be received in any

form, including acoustic, speech, or tactile input.

[0089] The subject matter described herein may be implemented in a computing system that
includes a back-end component (e.g., as a data server), or that includes a middleware component
(e.g., an application server), or that includes a front-end component (e.g., a client computer
having a graphical user interface or a Web browser through which a user may interact with an

implementation of the subject matter described herein), or any combination of such back-end,
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middleware, or front-end components. The components of the system may be interconnected by
any form or medium of digital data communication (e.g., a communication network). Examples
of communication networks include a local area network (“LAN™), a wide area network

(“WAN”), and the Internet.

[0090] The computing system may include clients and servers. A client and server are generally
remote from each other and typically interact 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 each other.

[0091] Although a few variations have been described in detail above, other modifications are
possible. For example, the logic flow depicted in the accompanying figures and described herein
does not require the particular order shown, or sequential order, to achieve desirable results.

Other implementations may be within the scope of the following claims.

[0092] Any and all patents, applications, articles and/or publications referenced in this

specification are hereby incorporated by reference herein in their entireties.

[0093] Although illustrative embodiments of the invention have been described in detail herein
with reference to the accompanying drawings, it is to be understood that the invention is not
limited to those embodiments, and that various changes and modifications can be effected therein

by one skilled in the art without departing from the scope and spirit of the invention.
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What is claimed is:

1. A method of determining an assessed carbohydrate to insulin ratio of a patient, comprising:
determining an initial set of values comprising at least one of a glucose level, a target glucose
level, an insulin sensitivity, and, an estimated carbohydrate to insulin ratio;

selecting a planned meal of a known content;

selecting a test bolus corresponding to the determined initial set of values and the planned meal;
determining a post-prandial glucose level of the patient subsequent to administration of the test
bolus and consumption of the planned meal;

determining the assessed carbohydrate to insulin ratio of the patient based on the initial set of

values and the post-prandial glucose level of the patient..

2. The method of claim 1, wherein if a difference between the initial glucose level value and the
post-prandial glucose level value is within a predefined range, then the assessed carbohydrate to
insulin ratio is determined to be substantially the same as the initial carbohydrate to insulin ratio

of the patient.

3. The method of claim 1, wherein if a difference between the initial glucose level value and the
post-prandial glucose level value does not fall within a predefined range, then the carbohydrate

to insulin ratio is reassessed.

4. The method of claim 1, wherein if a difference in glucose values calculated by subtracting the
initial blood glucose level value from the post-prandial glucose level value is less than a

predefined absolute value, then the carbohydrate to insulin ratio is reassessed.

5. The method of claim 1, wherein the known meal content comprises a known carbohydrate
load.

6. The method of claim 1, wherein the known meal content comprises carbohydrates with a

relatively high glycemic index.
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7. The method of claim 1, wherein the determination of the post-prandial glucose level is

repeated until a substantially constant glucose level is achieved.

8. The method of claim 1 further comprising, if a difference in the glucose values calculated by
subtracting the initial glucose level value from the post-prandial glucose level value is greater

than a predefined value, advising the patient to administer a correction bolus.

9. The method of claim 1 further comprising, if a difference in the glucose values calculated by
subtracting the post-prandial glucose level value from the initial glucose level value is greater
than a predefined value, advising the patient to consume an amount of carbohydrates to achieve

the target glucose level.

10. The method of claim 1, wherein prior to determining the initial set of values, the patient is

required to fast for a period of time.
11. The method of claim 10, wherein the period of time is at least three hours.

12. The method of claim 1, wherein prior to determining the initial set of values, the patient is

required to achieve normoglycemia.
13. The method of claim 1, wherein after the receiving a confirmation that the test bolus has been
administered to the patient and prior to the determining the assessed carbohydrate to insulin

ratio, the patient is required to achieve normoglycemia.

14. The method of claim 13, wherein the determination of normoglycemia is made by comparing

the post-prandial glucose level of the patient to the target glucose level.

15. The method of claim 13, wherein while the normoglycemia is not achieved, the patient is

repetitively required to perform a glucose correction.
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16. The method of claim 15, wherein the post-prandial glucose level of the patient is retested

after each glucose correction.

17. The method of claim 15, wherein the glucose correction comprises at least one of the

administering a correction bolus and consuming a correction glucose.

18. The method of claim 17, wherein the assessed carbohydrate to insulin ratio is determined

based on the correction bolus.

19. The method of claim 17, wherein the assessed carbohydrate to insulin ratio is determined

based on the correction glucose.

20. The method of claim 15, wherein the patient is repetitively required to perform the glucose

correction during a predetermined period of time.

21. A system for determining an assessed carbohydrate to insulin ratio of a patient, comprising:
a memory component adapted for storing an initial set of values comprising at least one of a
glucose level, a target glucose level, an insulin sensitivity, and, an estimated carbohydrate to
insulin ratio;

a bolus selection component adapted for selecting a test bolus corresponding to the determined
initial set of values and a planned meal;

a user interface component adapted for selecting a meal of a known content;

a glucose sensing component adapted for determining a post-prandial glucose level of the patient
subsequent to administration of the test bolus and consumption of the planned meal; and,

a CIR assessment component adapted for determining the assessed carbohydrate to insulin ratio

of the patient based on the initial set of values and the post-prandial glucose level value.

22. The system of claim 21, wherein if a difference between the initial glucose level value and
the post-prandial glucose level value is within a predefined range, then the assessed carbohydrate
to insulin ratio is determined to be substantially the same as the initial carbohydrate to insulin

ratio of the patient.
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23. The system of claim 21, wherein if a difference between the initial glucose level value and
the post-prandial glucose level value does not fall within a predefined range, then the

carbohydrate to insulin ratio is reassessed.

24. The system of claim 21, wherein if a difference between the initial glucose level value and
the post-prandial glucose level value is less than a predefined absolute value, then the assessed
carbohydrate to insulin ratio is determined to be substantially the same as the initial carbohydrate

to insulin ratio of the patient.

25. The system of claim 21, wherein the known meal content comprises a known carbohydrate
load.

26. The system of claim 21, wherein the known meal content comprises carbohydrates with a

relatively high glycemic index.

27. The system of claim 21, wherein the determination of the post-prandial glucose level is

repeated until a substantially constant glucose level is achieved.

28. The system of claim 21 wherein, if a difference in the glucose values calculated by
subtracting the initial glucose level value from the post-prandial glucose level value is greater
than a predefined value, the user interface component is further adapted for advising the patient

to administer a correction bolus.

29. The system of claim 21 wherein, if a difference in the glucose values calculated by
subtracting the post-prandial glucose level value from the initial glucose level value is greater
than a predefined value, the user interface component is further adapted for advising the patient

to consume an amount of carbohydrates to achieve the target glucose level.

30. The system of claim 21, wherein the user interface component is adapted for advising the

patient to fast for a period of time prior to determining the initial set of values.
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31. The system of claim 30, wherein the period of time is at least three hours.

32. The system of claim 21, wherein the user interface component is further adapted for advising

the patient to achieve normoglycemia prior to determining the initial set of values.

33. The system of claim 21, wherein the user interface component is further adapted for advising
the patient to achieve normoglycemia after a confirmation that the test bolus has been

administered is received.

-34. The system of claim 33, wherein the determination of normoglycemia is made by comparing

the post-prandial glucose level of the patient to the target glucose level.

35. The system of claim 33, wherein while the normoglycemia is not achieved, the user interface

component is adapted for repetitively requiring the patient to perform a glucose correction.

36. The system of claim 35, wherein the glucose sensing component retests the post-prandial

glucose level of the patient after each glucose correction.

37. The system of claim 36, wherein the glucose correction comprises at least one of the

administering a correction bolus and consuming a correction glucose.

38. The system of claim 37, wherein the assessed carbohydrate to insulin ratio is determined

based on the correction bolus.

39. The system of claim 38, wherein the assessed carbohydrate to insulin ratio is determined

based on the correction glucose.

40. The system of claim 37, wherein the user interface is further adapted for requiring the patient

to perform the glucose correction during a predetermined period of time.
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41. The system of claim 21 further comprising an insulin infusion component coupled to said

glucose sensing component.

42. The system according to claim 41, wherein said insulin infusion component is configured as

a patch unit adherable to the skin of the patient.
43. The system according to claim 42, further comprising a remote control unit configured to
communicate with the patch unit and further configured to allow programming and data

acquisition.

44. The system according to claim 43, wherein said CIR assessment component resides in the

remote control unit.

- 45. The system of claim 21, wherein the glucose sensing component is a glucose monitor.

46. The system of claim 45, wherein the glucose monitor is a glucometer.

47. The system of claim 45, wherein the glucose monitor is a CGM.
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