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DESCRIPTION

Related Applications

[0001] This application claims benefit under 35 USC 119(e) of US provisional patent
application no. 61/296,540, filed January 20, 2010, the entire disclosure of which is herein
incorporated by reference in its entirety.

FIELD

[0002] Methods, systems and devices for sustained medical infusion of therapeutic fluids to
patients are described herein. Some embodiments relate to portable insulin infusion devices
configured to monitor glucose levels of a patient as well as to methods for insulin infusion
which include consideration of a patient's insulin sensitivity (IS). Some embodiments relate to
methods for calculating insulin sensitivity taking into account blood glucose (BG) levels. Some
embodiments relate to insulin pumps capable of adjusting insulin delivery (e.g., basal and
bolus dosages) based on IS values which correspond to BG levels.

BACKGROUND

[0003] Diabetes mellitus is a disease of major global importance, increasing in frequency at
almost epidemic rates, such that the worldwide prevalence in 2006 is 170 million people and
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 the healthy pancreas, beta cells, located in the
islets of Langerhans, continuously produce and secrete insulin in correspondence to blood
glucose levels, maintaining near-constant glucose levels in the body.

[0004] Much of the burden of the disease to the user/patient, caregivers (e.g., physicians,
Certified Diabetes Educators) and to health care resources is due to long-term tissue
complications, which affect both small blood vessels (microangiopathy, causing eye, kidney
and nerve damage) and large blood vessels (causing accelerated atherosclerosis, with
increased rates of coronary heart disease, peripheral vascular disease and stroke). The
Diabetes Control and Complications Trial (DCCT) demonstrated that development and
progression of the chronic complications of diabetes are greatly related to the degree of
altered glycemia as quantified by determinations of glycohemoglobin (HbA1c) [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 by frequent glucose measurements and adjustment of insulin delivery
accordingly can be of utmost importance.
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[0005] Insulin pumps deliver rapid-acting insulin (e.g., Lispro, Aspart, etc.) 24 hours a day
through a catheter placed under the skin. The total daily insulin dose (TDD) can be divided into
basal and bolus doses. Insulin bolus doses are delivered before or after meals to counteract
consumable intake such as carbohydrates loads or during periods of high blood glucose levels.
The dose of the delivered bolus depends on the following parameters:

» amount of carbohydrates (Carbs) to be consumed;

e carbohydrate-to-insulin ratio (CIR) - amount of carbohydrates balanced by one unit of
insulin measured in grams per one unit of insulin;

 insulin sensitivity (IS) - amount of blood glucose lowered by one unit of insulin measured
in mg/dL (milligrams/deciliter) per one unit of insulin;

» current blood glucose levels (CBG), measured in mg/dL. The term "current" as in CBG
relates to the BG level measured about the time of the bolus delivery (e.g., within 10
minutes prior to the bolus delivery);

» target blood glucose levels (TBG) desired blood glucose level measured in mg/dL; and

¢ residual insulin (RI) amount of stored active insulin remaining in the body of the patient
after a recent bolus delivery (also known as bolus on board or BOB).

[0006] Conventional insulin pumps provide bolus dose recommendations that are based on

the above mentioned parameters according to the following formula (hereinafter the "formula"):
Recommended bolus = (Carbs/CIR) + (CBG-TBG) /IS —RI

"Food eStimate" "Correctlon estimate”

[0007] For a non-meal related correction bolus, when the blood glucose level (BG) is out of
target, the formula is simplified because carbs and optionally residual insulin can be irrelevant

and thus not taken into consideration. Then, the formula can be degenerated as follows:
Recommended bolus (correction bolus) = (CBG-1BG) / IS.

[0008] The above mentioned variables may be also considered in the bolus recommendation
feature described in co-owned U.S. publication no. US2008/0234663 and international patent
application no. PCT/IL2009/000454 (published as W02009/133558), the disclosures of which
are incorporated herein by reference in their entireties. This bolus recommendation feature
comprises sets of grids of ranges of carbohydrate and blood glucose level. Each grid
corresponds to a different combination of IS, CIR, and TBG. Additional grids correspond to
selected bolus doses and residual insulin values. The final recommended dose is related to a
value that is substantially equivalent to the selected bolus dose minus the RI.

[0009] Basal insulin is delivered continuously over 24 hours, and maintains blood glucose
levels in a specific range (e.g., between meals and overnight). Diurnal basal rates can be
preprogrammed or manually changed according to various daily activities (e.g., walking,
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sleeping, and sport activity), iliness and the like. The basal insulin rate/dose may also depend
on the user's IS value.

[0010] It is apparent to one skilled in the art that accurate IS values are critical for maintaining
euglycemia for diabetic patients. IS can be essential in determination of the administered basal
dose and the administered bolus dose, especially that of the correction bolus dose.

[0011] Typically, the majority of type 1 diabetes patients use a single IS value, assuming that IS
has a constant value (i.e., does not change over time) which is independent and does not
change upon other occurrences and/or factors.

[0012] Alternatively, different IS values are used in different time slots of the day. For example,
pump users may set a greater IS value in the evening hours after daily exercise since the
sensitivity to insulin increases when physically

[0013] US 2009/281519 A1, US 2005/192494 A1, US 2008/319381 A1 and US 2009/253973
A1 disclose various methods of determining a patients insulin sensitivity.

SUMMARY

[0014] The invention is defined by the claims. Systems and devices for adjusting and delivering
insulin and methods for determination of the delivered bolus and/or basal dosages are
provided in the present disclosure (hereinafter "dose advisor", or "dose advisor application").
According to the invention the insulin dosage is based on an IS value that depends on the
user's BG level (or any other body glucose level which corresponds to the BG, such as glucose
level measured in the interstitial fluid (ISF)). The BG level may be provided by at least one of: a
continuous glucose monitor (CGM), consecutive or periodic blood glucose measurements
(e.g., via a glucometer), or any other means for measuring body glucose levels.

[0015] In some embodiments, a BG level or a range of BG levels can be correlated or
assigned to a corresponding IS value.
For example, the following BG ranges may be assigned the following IS values:

BG <50 — 1S =170 mg/dL/U

50 =BG <70 — IS =130 mg/dL/U
70 =BG =150 — IS =100 mg/dL/U
150 < BG = 200 — IS =80 mg/dL/U
200 <BG =250 — 1S = 60 mg/dL/U

250 <BG = 300 — 1S = 50 mg/dL/U
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300 <BG — 1S =40 mg/dL/U

[0016] In some embodiments, the correlation (e.g., mathematical relation, empirical relation)
follows a general behavior in which the greater the BG level, the lower the IS value.

[0017] In some embodiments, the insulin dosage is based on an IS value that depends on the
trend (e.g., fall, rise) and rate of change of BG level (hereinafter "BG trend"). The BG trend
may be provided by a continuous glucose monitor (CGM), consecutive blood glucose
measurements, or any other means for acquiring body glucose levels.

[0018] In some embodiments, a combination of BG level or range of BG levels and BG trend
can be assigned, correlated or otherwise matched to an IS value or IS range. For example, a
high BG level which is relatively constant over time (i.e., constant trend) can be assigned to a
relatively low IS value while a high BG level which is rapidly decreasing (i.e., rapid falling trend)
can be assigned to a greater IS value. Similarly, a low BG level that is relatively constant can
be assigned to a high IS value but if the BG level is also increasing rapidly, a lower IS value
would be assigned.

[0019] In some embodiments, one or more IS values can be assigned or otherwise matched to
one or more time slots of the day, to correspond to varying BG levels or recognized BG level
patterns over the day.

[0020] In some embodiments, BG level and trends may imply not only an IS value, but also an
IS trend, e.g., in correspondence to BG behavior and/or prediction, the IS may vary. This may
affect on the administered dosage (bolus and/or basal).

[0021] For example, according to some embodiments, a BG level of 280mg/dL would be
assigned an IS value of 50mg/dL/U according to the above example. However, if the BG is
decreasing rapidly at a rate of 2mg/dL/min, then in 30 minutes, the BG is expected to be
220mg/dL and an IS of 60mg/dL/U is appropriate for calculation of a bolus dose (for example).
On the other hand, a BG level of 60mg/dL would be assigned an IS value of 130mg/dL/U
according to the above example. However, if the BG is increasing rapidly at a rate of
2mg/dL/min, then in 30 minutes, the BG is expected to be 120mg/dL and an IS of 100mg/dL/U
is appropriate for calculation of a bolus dose (for example). Accordingly, for these
embodiments, recommendation of a bolus dose may be based on the formula according to BG
dependent IS value.

[0022] For example, in the above example, a BG level of 120mg/dL is assigned an IS value of
100mg/dL/U. If the user's target BG (TBG) is 100mg/dL, CIR is 20 g/U, the amount of
carbohydrates (Carbs) consumed is 40g, and there is no residual insulin (RI), then the

recommended bolus may be calculated as follows:
Recommended bolus =



DK/EP 2525863 T3

(Carbs/CIK) +(CBG-1BG) / IS — RI =440/720 + (120-100)/100 -0 =2.2U

[0023] Alternatively, each IS value can be assigned to a certain multiplier value (MV) and the
bolus dose can be calculated based on a normoglycemic IS (NIS) and then multiplied by the
relevant (or corresponding) MV.

[0024] If, for example, the aforementioned formula is used, the bolus recommendation may be

calculated as follows:
Recommended bolus = [(Carbs/CIR) + (CBG-TBG) / NIS| x MV-RI

[0025] For example, the following MVs may be assigned to the following IS values (presented
as a fraction of NIS):

0.5NIS<IS<0.7NIS - MV =1.7
0.7NIS<IS<09NIS > MV=1.5
09NIS<IS<1.INIS > MV =1

1INIS<IS<1.3NIS—->MV=0.8
1.3NIS<IS<1.6NIS > MV=0.6

16 NIS<IS<2NIS ->MV=0.5

[0026] Thus, if (for example) the user's NIS is 100mg/dL/U, the target BG is 100mg/dL, the
current BG is 220 mg/dL, CIR is 20 g/U, the amount of carbohydrates consumed is 40g, and

there is no residual insulin (RI), then the recommended bolus can be calculated as follows:
Recommended bolus =

(Carbs/CIR) -+ (CBG-TBG) / IS — RI = 40/20 + (120-100)/100 - 0 = 2.2U

[0027] However, if the IS value assigned to CBG of 220mg/dL is 60mg/dL/U which is 0.6NIS,
the MV is therefore 1.7 and the recommended bolus is 3.74 (i.e., 2.2X1.7).

[0028] In an example not forming part of the invention the bolus recommendation may be

calculated using an alternative MV, as the following:
Recommended bolus = [(Carbs/CIR) + (CBG-TBG) / (NIS x MV)] ~RI

[0029] If, for example, the MVs assigned to the different BG levels is as follows:

BG <50 - MV =0.6



50=BG <70 - MV=0.8

70=BG 150 - MV =1

150 <BG =200 - MV=1.2

200<BG =250 - MV=14

250 <BG =300 - MV=15

300<BG - 1S=MV =16

Then, the recommended bolus for the above example would be:
Recommended bolus = 40720 + (220-120)/(100*1.4)-0=2.7U
where MV is the multiplier value

DK/EP 2525863 T3

[0030] Generally, according to some embodiments, when the BG dependent IS is less than the
NIS, the MV would be greater than 1. If the BG dependent IS is greater than NIS, the MV would

be smaller than 1.

[0031] Alternatively, in some embodiments, each IS value or BG range is assigned to an
absolute value of insulin dose ("Al") which is then added or subtracted from a bolus dose

based on a normoglycemic IS. Generally:

¢ when the IS is less than the normoglycemic IS, the Al is added to the intended bolus

dose (as more insulin required), and

* when the IS is greater than the normoglycemic IS, the Al is subtracted from the intended

bolus dose (less insulin required).

[0032] Accordingly, the bolus recommendation may be calculated as the following:

Recommended bolus = [(Carbs/CIR) + (CBG-TBG) / NIS —RI + Al
For example, if the Als are assigned to the different BG levels as follows:

BG <50 — Al =-1U

50=BG <70 — Al =-0.8U

70=BG =150 — Al =0U

150 <BG =200 — Al =0.4U

200 <BG =250 — Al =0.6U

250 <BG =300 — Al =0.8U

300<BG - IS=AI=1U

Accordingly, the recommended bolus for Carbs = 40g, CIR=20g/U, CBG=220mg/dL, TBG =
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100mg/dL, RI=0, and NIS = 100mg/dL/U , is:
Recommended bolus =40/20 + (220-120)/100-0 +0.6 =3.6 U

[0033] According to some embodiments, the basal rate is also multiplied by the relevant MV, so
it is increased or decreased by a certain percentage if a high or low BG level is measured,
respectively.

Numerical example:

[0034]

» Basal rate programmed at 1U/h

e Normoglycemic IS = 80 mg/dL/U

* Measured BG level = 40mg/dL

¢ IS when BG level is in the range of 30 to 50 mg/dL = 120 mg/dL/U
e MV assigned to IS of 120 mg/dL/U = 0.7

[0035] Thus, the basal rate is decreased to 0.7 U/h (i.e., 1TU/h*0.7).

[0036] In some embodiments, basal rate may be adjusted dependent on the BG level
characteristics. For example, discrete measurements of BG levels (e.g., via a glucometer) may
render periodic adjustment of the IS value. Alternatively, continuous measurements of BG
levels (e.g., via a CGM) may render continuous or periodic (with high frequency) adjustment of
the IS value(s).

[0037] In some embodiments, the IS value(s) may be related to other patient variables such as
health related parameters (e.g., body temperature, heart rate), activity level (e.g., sport activity,
sleeping, walking), illness, and the like.

[0038] In some embodiments, the user and/or caregiver can assign (or otherwise match)
different IS values to different BG levels and/or BG trends when initially setting the insulin
pump. In further embodiments, the user and/or caregiver can assign different MVs and/or
absolute insulin doses (Als) to IS values when initially setting the insulin pump.

[0039] In some embodiments, the fluid delivery device includes a remotely controlled
dispensing unit that can be comprised of a reusable part and a disposable part. The
disposable part contains a reservoir, outlet port and other relatively inexpensive components.
The reusable part contains electronics (e.g., PCB, processor), at least a portion of driving
mechanism (pump), and other relatively expensive components (e.g., sensors). In some
embodiments, operation of the fluid delivery device is carried out manually by operating
buttons/switches located on the dispensing unit. In some embodiments, the fluid delivery
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device further comprises a cradle that adheres to the skin and allows disconnection and
reconnection of the dispensing unit from and to the patient's skin, upon patient discretion. The
cradle can be coupled to subcutaneously insertable cannula enabling insulin delivery into the
subcutaneous compartment of the patient.

[0040] In some embodiments, the device can be coupled to a CGM and comprise a memory
that stores BG data (e.g., measured BG levels), and a processor for controlling the continuous
BG measurements and providing the BG trends.

[0041] In some embodiments, a drug delivery device is provided and includes a pump for
dispensing the drug into a body of a user, input means for receiving at least one of blood
glucose (BG) data and one or more insulin sensitivity (IS) values, a processor having a dose
advisor application operating thereon configured to determine the one or more IS values based
on the BG data, a memory for storing the BG data and the one or more IS values, and a
display for presenting output associated with the one or more IS values.

[0042] In some embodiments, a method for recommending an insulin dose adapted for use
with an insulin delivery device is provided and includes receiving blood glucose (BG) data,
determining one or more insulin sensitivity (IS) values associated with the BG data, and
determining an insulin dose based on the determined one or more IS values.

[0043] Still, other embodiments may further include any one or more of the following additional
features (steps, data, and/or structure):

« the BG data comprising BG level and optionally BG trend;

e receiving BG data includes at least one of receiving an input from a user, and receiving a
signal from a glucose monitor;

¢ determining the one or more IS values includes at least one of selecting the one or more
IS values from a table, calculating the one or more IS values, modeling or correlating the
one or more IS values with respect to empirical data, and matching the one or more IS
values to BG data - - determining establishes a relationship between the one or more IS
values and the BG data;

» visually presenting the one or more IS values as a function of BG data;

¢ visually presenting includes presenting a graph or a table showing matching between the
one or more IS values and the BG data;

e visually presenting the one or more IS values in a form of a range;

 retrieving from a memory the one or more IS values associated with BG data;

« the insulin dose including at least one of a bolus component and a basal component;

¢ delivering the insulin dose a body of a user; and

e providing an insulin pump having a processor having a dose advisor application
operating thereon, the dose advisor being configured to determine the one or more IS
values and the insulin dose, and initiating delivery of the insulin.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0044]
FIG. 1 is a graphical representation of IS values as a function of BG levels.

FIGs. 2a-c illustrate a fluid delivery device including an insulin dispensing unit and a remote
control unit according to some embodiments. The dose advisor application may be resident on
a processor, or stored in a memory for operation on a processor; the processor may be
located in the remote control unit and/or in the dispensing unit.

FIGs. 3a-b illustrate a fluid delivery system that includes remotely controlled continuous
dispensing apparatus and sensing apparatus according to some embodiments. The sensing
apparatus can be either separated from the dispensing apparatus (see FIG. 3a) or integrated
therewith (see FIG. 3b).

FIG. 4 is a block diagram of a method for determining an insulin dose based on an IS value
according to some embodiments, with the IS value being determined based on the BG level.

FIG. 5 is a block diagram of a method for creating a correlation between a user's BG data and
IS values according to some embodiments.

FIGs. 6a-c illustrate exemplary user interface for the dose advisor according to some
embodiments.

FIG. 7 shows a numerical example for determining an insulin bolus dose according to some
embodiments.

FIG. 8 shows a numerical example for determining an insulin basal dose according to some
embodiments.

DETAILED DESCRIPTION

[0045] FIG. 1 is a graphical representation of IS values as a function of BG levels. IS values
rise and fall when BG is relatively low (e.g., BG < 70mg/dL) or relatively high (e.g., BG > 150
mg/dL) respectively. In the relatively normoglycemic range (e.g., 70 mg/dL < BG < 150 mg/dL),
IS values are substantially constant. The low insulin sensitivity in the hyperglycemic range may
be, in some instances, due to a phenomenon known as glucose toxicity.

[0046] FIGs. 2a-c Iillustrate an exemplary device/system 1000, according to some
embodiments, for dispensing insulin to the body of a patient/user. The device comprises a
dispensing unit 1010 that includes a pump (e.g., syringe-piston, peristaltic), and may also
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include at least one or more of the following: a remote control unit 1008, and a blood glucose
(BG) monitor 90. The dispensing unit 1010 may be coupled to a cannula 6 that penetrates the
user's skin 5 to deliver insulin to the subcutaneous tissue. In some embodiments, the
dispensing unit 1010 can be comprised of a single part having a single housing 1003 (as
shown in FIGs. 2a-b) or two parts having two housings 1001, 1002 (as shown in FIG. 2c). In
some embodiments, a first part 1 can be reusable (also referred-to as "reusable part") and a
second part 2 can be disposable (also referred-to as "disposable part").

[0047] Flow programming and data acquisition can be done by the remote control unit 1008 or
by one or more operating buttons/switches 1004 located on the dispensing unit's housing. The
device 1000 may include at least one processor, at least one memory, at least one input
means (e.g., keypad, buttons, switches, touch-screen, voice commander, etc.), at least one
screen, and at least one notification means such as audible (e.g., buzzer) and/or vibration
(e.g., vibrator) to notify the user. Each of these features can reside in at least one of: the
remote control unit 1008, the dispensing unit 1010. In some embodiments, the remote control
unit may be implemented in a Personal Data Assistance (PDA), a cellular phone, a watch, a
media player (e.g., iPod), a smart-phone, a laptop and/or the like. The device can further
include at least one of a blood glucose monitor (BGM) and a continuous glucose monitor
(CGM). The BGM and/or CGM can be contained within the remote control unit and/or the
dispensing unit or be a separate unit being capable to communicate (either one- or two- way
communication) with the dispensing unit and/or the remote control unit.

[0048] Such a device/system is disclosed in co-owned U.S. publication no. US2007/106218
and in co-owned international applicaton no. PCT/IL09/000388 (published as
WQ02009/125398), the disclosures of which are herein disclosed by reference in their entireties.

[0049] In some embodiments, the dose advisor can be resident (e.g., operating) on a
processor 10 which can be located in the dispensing unit 1010 (see FIG 2a), in the remote
control unit 1008 (see FIGs. 2b-c) or be shared between the two units (1010 and 1008). In
such embodiments, the dose advisor is capable of recommending a bolus and/or basal dose in
accordance with a BG-dependent |IS.

[0050] FIGs. 3a-b illustrate a device/system that comprises a two-part insulin dispensing unit
1010, a remote control unit 1008 and a continuous glucose monitor (CGM) unit 1007. The two-
part dispensing unit may comprise a reusable part 1 and a disposable part 2. A dispensing
mechanism 1005 may be shared between the reusable and disposable parts.

[0051] In some embodiments, the dose advisor can be included within the remote control unit
1008, as illustrated in FIGs. 3a-b, or within the dispensing unit 1010, for example.

[0052] FIG. 3a illustrates a system, according to some embodiments, that comprises a
separate dispensing unit 1010 and a separate CGM unit 1007. The CGM unit 1007 may
include at least one of a probe 66, and a sensing mechanism 1006 (also referred-to as
"sensor"), where the mechanism may comprise a processor, a transmitter or transceiver, and a
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memory. Continuous glucose readings may then be transmitted to the remote control unit 1008
and therefrom to the dispensing unit 1010 (indicated by the dashed arrows). In some
embodiments, communication can be established directly between the CGM unit 1007 and the
dispensing unit 1010 (indicated by the dashed arrows).

[0053] FIG. 3b illustrates a system that comprises a two-part integrated unit 1010 that includes
both the dispensing mechanism 1005 and the sensing mechanism 1006. In some
embodiments, the cannula 6 can include the probe 66, as described, for example, in co-owned
US Applications Serial Nos. 11/706,606 (published as US2007/0191702) and 11/963,481
(published as US2008/0214916), and International Patent Application No. PCT/IL08/001521
(published as W02009/066288), the contents of all of which are hereby incorporated by
reference in their entireties. In some embodiments, the cannula 6 and probe 66 may reside
apart so that insulin is delivered in one site and glucose is sensed in another site.

[0054] In some embodiments, insulin can be automatically dispensed by the dispensing
mechanism 1005 according to continuous BG level readings generated by the sensing
mechanism 1006 (e.g., a closed loop mode). In other embodiments, basal delivery can be
automatically modified according to continuous BG level readings and boluses can be manually
administered by the user (e.g., open loop mode or semi-open loop mode) using the dose
advisor recommendations (for example).

[0055] FIG. 4 is a block diagram of a method 400, according to some embodiments, for
determining an insulin regime, e.g., bolus and/or basal dosages. In some embodiments, the
method 400 comprises receiving 402 BG data. The BG data can include body glucose
concentration levels, such as blood glucose levels or glucose measured in ISF. The BG levels
may include discrete values (e.g., 180 mg/dL), numerical ranges (e.g., 175 mg/dL - 185
mg/dL) or other forms of presentations such as "HIGH" level, representing for example a
predefined range which can be configured by the user. The BG data can further include the
trend of change of BG levels (e.g., rising or falling concentration, the rate of change), and the
time (and in some embodiments, the time and date) of the measurement. In some
embodiments, the BG data can be acquired by one or more of a glucometer, a CGM, an
integrated blood glucose meter (IBGM) or by any other means for measuring body glucose
levels. In some embodiments, receiving the BG data can include one of: measuring BG levels,
receiving BG data from a remote location such as via wireless communication (e.g., from a
remote glucometer) or receiving a corresponding signal from a processor of a CGM, and
retrieving the BG data from a memory, for example.

[0056] The method 400 further comprises determining 404 an IS value in correspondence with
the BG data. In some embodiments, determining the IS value can include one of: selecting the
IS value from a table/schedule in which IS values corresponds to BG levels, calculating,
modeling and/or correlating the IS values via mathematical formula 01 analytical and/or
empirical correlation which matches an IS value to BG level.

[0057] In some embodiments, the relation between IS values and BG values may be
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represented as illustrated in FIG. 1. In some embodiments, the relation between BG levels and
IS values can be one of. predefined (e.g., by the user, caregiver or pump manufacturer),
adapted (or "tailored") for each user (either manually or automatically), or customized at user's
discretion.

[0058] Then, an insulin dosage or regime (e.g., bolus and/or basal dosages) can be
determined 406 in accordance with the determined IS value. In some embodiments,
determining 406 the insulin dose can include bolus dose calculations according to the formula,
basal dose calculations, or implementing processing techniques such as neural networks,
fuzzy logic, logistic regression, random forest, etc. An example for calculating a basal dose
using the IS value and multiplier values (MVs) is disclosed in co-owned International Patent
Application No. PCT/IL2010/000757, claiming priority to U.S. Provisional Application No.
61/243,860, the disclosures of which are hereby incorporated by reference in their entireties. In
some embodiments, additional factors may be taken into consideration in determining the IS
value, including, without limitation, activity level, presence of an illness, body temperature, level
of emotional stress, heart rate, ventilation rate, insulin absorption rate, administration site, etc.

[0059] In some embodiments, the method 400 can further include administering the bolus
dose accordingly. In some embodiments, the method 400 can further include receiving inputs
(e.g., confirmations, rejections, physical activity, and amount of carbohydrates) from a user
and/or notifying the user, for example displaying data on a screen. In some embodiments, the
method 400 further includes storing IS values in a memory. The IS value can be discrete and
constant to be used during a period of time (e.g., daily, weekly, yearly). In other embodiments,
an IS value may be set to numerous diurnal periods of time (e.g., IS4 for 08:00 - 12:00, IS, for

12:00-17:00, 1S3 for 17:00 - 22:00, etc.). In some embodiments, IS values may change

continuously or periodically over time. Then, if BG levels are continuously or periodically
monitored via a CGM, the IS value can be continuously or periodically adjusted accordingly.

[0060] In some embodiments, the method 400 can be implemented in an insulin pump and be
operated by a dose advisor. The dose advisor may be an application program which may
operate on or in conjunction with a processor 10 to carry out the control and calculations,
and/or in conjunction with a memory to store the data (e.g., BG levels and IS levels) and/or in
conjunction with a transceiver to receive and/or transmit data from and to a glucose sensor,
insulin pump, and/or the like. In further embodiments, the dose advisor is further capable of
processing and analyzing the data to control and improve insulin delivery. For example, it may
be capable of executing analytical and/or statistical analyses over the data to derive a curve fit
approximation for the relationship between the IS and BG values. The dose advisor may
further receive data and/or instructions via input means (e.g., buttons, switches, keypad, touch-
screen, voice commander) and/or notify the user via output means such as visual (e.g.,
screen), audible (e.g., buzzer), tactile (e.g., vibrator) notifications. Accordingly, delivering the
insulin dosages can be performed by the insulin pump.

[0061] FIG. 5 is a block diagram of a method 500 according to some embodiments of the
present disclosure, for creating a correlation, relation or otherwise match between a user's BG
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data and IS values. For example, after collecting the data, i.e., receiving 502 the BG data and
receiving 504 the IS values, the collected data can be stored 506 in a memory. The memory
can be located in an insulin pump (e.g., in the dispensing unit and/or remote control) and/or in
an external device such as PC, laptop, media player, smart-phone, or web-based database.
The collection of data may be performed along a period of time (e.g., a week, a month, 6
months). Then, when needed (e.g., at the discretion of the user or caregiver), the data can be
retrieved 508 from the memory. Analyzing 510 the data enables generation 512 of a
correlation (e.g., relation, match) between BG data and IS values. This correlation can be
stored in a memory and be presented to the user. Analyzing 510 the data may comprise
mathematical and statistical operations such as one or more of curve fitting, smoothing,
interpolating, classifying, clustering, and/or the like. It can be done, for example, by employing
analytical tools and/or machine-learning algorithms (e.g., regressions, neural networks, fuzzy
logic, etc.). In some embodiments, setting the IS value in an insulin pump can be based on this
correlation, given BG data (e.g., BG level of a user). In further embodiments, the data and/or
its analyses can be presented to the user over a screen, for example.

[0062] FIGs. 6a-c illustrate an exemplary user interface associated with the dose advisor
according to some embodiments. For example, FIG. 6a illustrates a window 602 displaying an
example of the correlation between BG levels and IS values in a form of a table. As shown in
FIG. 6a, the user may customize the table by using the "Add" option 603. In other
embodiments, customization of this data may be restricted.

[0063] FIG. 6b illustrates a window 604 employed by the dose advisor for determining a bolus
dose. This window 604 may be used to display relevant parameters such as CIR and TBG. In
some embodiments, the window 604 may be also used to receive parameters, for example,
the user can input the amount of carbohydrates (Carbs) he/she is about to consume or the
level of BG (also referred-to as "CBG"). The determination of bolus dose is carried out based
on an IS value which corresponds with the correlation presented in FIG. 6a, for example.

[0064] FIG. 6¢ illustrates an example of a window 606 which displays the IS value used for the
bolus dose determination (i.e., "Applied 1S") and the determined bolus dose ("Recommended
Bolus"). In some embodiments, the user may accept this recommendation and instruct the
pump to administer it, for example by using the "Go" option 607. In other embodiments, the
user may reject the recommendation and input different value for the bolus dose.

[0065] FIG. 7 is a numerical implementation 700 of the method depicted in FIG. 4 for
determining a bolus dosage, according to some embodiments. For example, after a BG value
(e.g., 260 mg/dL) is received 702, measured via a glucometer (for example) and inputted by
the user, the dose advisor determines 706 an IS value (e.g., 50 mg/dL/U) in accordance with
the table 704 stored in the memory. Then, the dose advisor can take into account 708 other
parameters (some of which may be inputted by the user, received from a remote source, etc.,
which may be being stored in the memory) and determine 710 the recommended bolus, for
example, via employing the formula Recommended Bolus = (Carbs/CIR) + (CBG-TBG) / IS -
RI, i.e., in this example Recommended Bolus = (20/10) + (260-100)/50-0 = 3.2U.
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[0066] FIG. 8 is a numerical implementation 800 of the method depicted in FIG. 4 for
determining a basal dosage (i.e., basal rate), according to some embodiments. After a BG
value (e.g., 60 mg/dL) is received 802, the dose advisor determines 806 an IS value (e.g., 130
mg/dL/U) and MV value (e.g., 0.7), in accordance with the table 804 stored in the memory.
Then, the dose advisor can take into account 808 other parameters (e.g., the current basal
rate of 1U/hr) and determine 810 the Recommended Basal, e.g., via using the formula
Recommended Bolus = Basal* MV = 1*0.7 = 0.7U/hr.

[0067] Referring to FIGs. 7 and 8, after having the dose advisor output (e.g., Recommended
Bolus, Recommended Basal), the user may decide whether to instruct the pump to use it or to
adjust it and use a different value.

[0068] In some embodiments, when the BG is measured using a glucometer, which may
require periodic evaluation of the basal rate, adjusting the basal rate according to the BG
dependent IS may include periodic basal rate evaluation (e.g., every 0.5 to 4 hours). In some
embodiments, when the BG level falls within the normoglycemic range during a predetermined
period of time (e.g., subsequent BG measurements fall within this range), the basal rate can be
re-adjusted to "normal” (i.e., to the preprogrammed value of 1U/h in the given example).

[0069] In some embodiments, in which the BG is monitored using a CGM, then the IS, and
consequently the basal rate, can be continuously adjusted (continuous may refer to frequent
measurements or high rate measurements relatively to discrete measurements via a
glucometer, e.g., every 3-5 minutes). The adjustment of IS value(s) and basal rate may be
carried out in a closed loop mode (i.e., automatically) or in a semi-closed loop (i.e., including
user's confirmation). In some embodiments, other characteristics of BG data may be used. For
example, the IS dependent basal rate can be adjusted according to the average BG measured
in time segments (e.g., time segments of 10-30 minutes), or according to BG trends.

[0070] In some embodiments, when the BG level is measured discretely and the basal rate is
adjusted accordingly, the user may be advised to periodically check his/her BG level (e.g.,
every 1 hour) as a safety means or verification means to re-adjust the basal delivery rate if
needed (e.g., adjusting it back to "normal” when BG level returns to normoglycemia range).

[0071] Various implementations of the dose advisor/dose advisor application 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.

[0072] These computer programs (also known as programs, software, software applications or
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code) include machine instructions for a programmable processor, for example, 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.

[0073] 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 and the like) for displaying information to the user and a
keyboard and/or a pointing device (e.g., a mouse or a trackball) by which the user may provide
input to the computer. For example, this program can be stored, executed and operated by the
dispensing unit, remote control, PC, laptop, smart-phone, media player or personal data
assistant ("PDA"). 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.

[0074] Certain embodiments of the subject matter described herein may be implemented in a
computing system and/or devices 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, 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.

[0075] The computing system according to some such embodiments described above 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. For example, a patient that does not have his remote control
unit "at arm's length", can administer and control a bolus dose administration via the internet.
Another implementation refers to a physician that is located far from the patient and device, but
still able to monitor, operate and receive data from the device via the internet or a data server,
e.g., a U.S. based physician can communicate with the device and patient which are situated
overseas.

[0076] Preferable embodiments implement the dose advisor via software operated on or in
conjuction with a processor contained in a remote control device of an insulin dispensing
system and/or a processor contained in a insulin dispensing device being part of an insulin
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dispensing system.

[0077] Any and all references to publications or other documents, including but not limited to,
patents, patent applications, articles, webpages, books, etc., presented in the present
application, are herein incorporated by reference in their entirety.

[0078] 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.

[0079] Example embodiments of the devices, systems and methods have been described
herein. As noted elsewhere, these embodiments have been described for illustrative purposes
only and are not limiting. Other embodiments are possible and are covered by the disclosure,
which will be apparent from the teachings contained herein. Thus, the breadth and scope of
the disclosure should not be limited by any of the above-described embodiments but should be
defined only in accordance with claims supported by the present disclosure and their
equivalents. Moreover, embodiments of the subject disclosure may include methods, systems
and devices which may further include any an all elements from any other disclosed methods,
systems, and devices, including any and all elements corresponding to disclosed graphical-
user-interfaces (GUIs). In other words, elements from one or another disclosed embodiments
may be interchangeable with elements from other disclosed embodiments.

[0080] There is disclosed a drug delivery device comprising: a pump for dispensing the drug
into a body of a user; input means for receiving at least one of blood glucose (BG) data and
one or more insulin sensitivity (IS) values; a processor having a dose advisor application
operating thereon configured to determine the one or more IS values based on the BG data; a
memory for storing the BG data and the one or more IS values; and a display for presenting
output associated with the one or more IS values.

[0081] In a development, the BG data includes one or more of a BG level, BG trend, and time
of the BG measurement.

[0082] In a development, the BG data is received from a continuous glucose monitor (CGM).
[0083] In a development, the CGM is coupled to the device.

[0084] In a development, the dose advisor generates an insulin dose recommendation
associated with the one or more IS values.

[0085] In a development, the presented output includes one of: the one or more IS values, the
BG data, an insulin dose recommendation, a correlation between the BG data and the one or
more IS values, and any combination thereof.
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[0086] In a development, the input means includes one or more of: at least one button/ switch,
a keypad, a touch-screen, a voice commander, a glucometer, and a CGM.

[0087] In a development, the one or more IS values is associated with one or more of: the BG
level of the user, the BG trend of the user, a level of physical activity of the user, a level of
emotional stress, a presence of an iliness and/or menstruation, a heart rate, a ventilation rate,
and a body temperature.

[0088] In a development, the insulin dose recommendation comprises a basal component.
[0089] In a development, the insulin dose recommendation comprises a bolus component.

[0090] In a development, the insulin dose recommendation further corresponds with one or
more of. a CIR, a TBG, amount of carbohydrates, glycemic index (Gl), fat content of a meal,
fiber content of a meal, and RI.

[0091] In a development, the one or more IS values is associated with a multiplier value (MV)
for determining a basal component of an insulin dose recommendation.

[0092] In a development, an MV greater than 1 is set for the one or more IS values less than
the normoglycemic IS, and/or an MV less than 1 is set for the one or more IS values great than
the normoglycemic IS; and/or an MV substantially equal to 1, is set for the one or more IS
values equal to a normoglycemic IS.

[0093] In a development, each IS value is associated with an absolute insulin dose (Al),
wherein the Al is added to or subtracted from an insulin dose corresponding to the
normoglycemic IS so as to provide a dose related to the BG dependent IS.

[0094] In a development, the Al is added to the insulin dose for an IS smaller than the
normoglycemic IS, and subtracted from the insulin dose for an IS greater than the
normoglycemic IS, and Al is substantially equal to 0 for a normoglycemic IS.

[0095] In a development, the device further includes safety means associated with the one or
more IS values.

[0096] In a development, the device further includes at least one subcutaneously insertable
cannula to deliver the insulin dose recommendation.

[0097] There is also disclosed a graphic user interface for an insulin infusion device, the
graphic user interface comprising: first input means for selection of one or more insulin
sensitivity (I1S) values, the one or more IS values associated with blood glucose (BG) data; and
second input means for initiating insulin delivery to a body of a patient corresponding to the
one or more IS values.
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[0098] In a development, the graphic user interface further comprises third input means for
inputting the BG data.

[0099] In a development, the BG data includes one or more of. a BG level, BG trend, and time
of the BG measurement.

[0100] In a development, at least one of the one or more IS values and the BG data is
configured in a form of a range enabling selection.

[0101] In a development, at least one of the first input means and the second input means
include scrolling functionality.

[0102] In a development, the the graphic user interface further comprises at least one output
means visually presenting at least the one or more IS values as a function of BG levels.

[0103] In a development, the one or more IS values and BG levels are formed in a table.

[0104] In a development, the at least one output means visually represents a background
image corresponding to a first set of IS values and a primary image corresponding to the
second set of IS values, the first set and second set are a function of BG levels.
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PATENTKRAV
1. Fremgangsmade til anbefaling af en insulindosis tilpasset til anvendelse med en
insulinindgivelsesanordning, hvilken fremgangsmade omfatter:
modtagelse af blodglucose- (BG) data, der indbefatter et koncentrationsniveau for
kropsglucose;
bestemmelse af en insulinsensitivitets- (IS) vardi svarende til BG-dataene; og
bestemmelse af en insulindosis baseret pa den bestemte IS-verdi,
hvor insulindosen bestemmes ud fra fplgende ligning:
Anbefalet bolus = (Carbs/CIR) + (CBG-TBG)/IS - RI
hvor: Carbs er maengden af carbohydrater, der skal indtages;
CIR er forholdet mellem carbohydrat og insulin;
CBG er det aktuelle blodglucoseniveau;
TBG er malblodglucoseniveauet;
IS insulinsensitivitetsvardien bestemt svarende til BG-dataene; og
RI er det resterende insulin, der er tilbage 1 en patients krop,
kendetegnet ved, at:
insulinsensitivitets- (IS) vardibestemmelsen indbefatter valg af IS-vardien fra en tabel/skema,

hvori IS-vardier svarer til koncentrationsniveauerne for kropsglucose.

2. Fremgangsmade ifglge krav 1, hvor BG-dataene omfatter BG-niveau.
3. Fremgangsmade ifglge krav 2, hvor BG-dataene endvidere omfatter BG-tendens.
4. Fremgangsmade ifplge krav 1, hvor modtagelse af BG-data indbefatter mindst én af:

modtagelse af en indl@sning fra en bruger og modtagelse af et signal fra en glucosemonitor.

5. Fremgangsmade ifplge krav 1, der endvidere omfatter visuel visning af IS-vardier som
en funktion af BG-data.

6. Fremgangsmade ifglge krav 5, hvor visuel visning indbefatter visning af en graf eller en
tabel, der viser match mellem IS-vardier og BG-dataene.

7. Fremgangsmade ifglge krav 1, der endvidere omfatter visuel visning af IS-vardier i
form af et interval.

8. Fremgangsmade ifglge krav 1, der endvidere omfatter hentning fra en hukommelse af
IS-verdien svarende til BG-dataene.

9. Fremgangsmade ifglge krav 1, hvor insulindosen indbefatter mindst én af en
boluskomponent og en basal komponent.

10. Fremgangsmade ifglge krav 1, der endvidere omfatter tilvejebringelse af en

insulinpumpe med en processor, der har en dosisvejlederapplikation, der fungerer derpa,
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hvilken dosisvejleder er konfigureret til at bestemme IS-vardien og insulindosen.
11. Computerprogram, der omfatter instruktioner til udfgrelse af fremgangsmadens trin

ifglge et hvilket som helst af krav 1 til 10, nar computerprogrammet udfgres pa en egnet

computerenhed.
12. Computerlasbart medium, hvorpa der er kodet et computerprogram ifglge krav 11.
13. Lagemiddelindgivelsesanordning, der omfatter mudler tilpasset til at udfgre

fremgangsmadens trin ifglge et hvilket som helst af kravene 1 til 10.

14. Lagemiddelindgivelsesanordning ifglge krav 13, der omfatter:

en pumpe til indgivelse af legemidlet 1 en brugers krop;

indlesningsmidler til modtagelse af mindst én af blodglucose- (B(G) data og
insulinsensitivitets- (IS) vardier;

en processor med en dosisvejlederapplikation, der fungerer derpa, konfigureret til at bestemme
IS-vardien baseret pa BG-dataene;

en hukommelse til lagring af BG-dataene og IS-vardien; og

et display til visning af udlaesning forbundet med IS-vardien.

15. Anordning ifplge krav 14, hvor BG-dataene modtages fra en kontinuerlig
glucosemonitor (CGM).

16. Anordning ifplge krav 14, hvor dosisvejlederen genererer en anbefalet insulindosis
forbundet med IS-vardien.

17. Anordning ifglge krav 14, hvor indlesningsmidlerne indbefatter én eller flere af:
mindst €n knap/kontakt, et tastatur, en bergringsskerm, en stemmekommando, et glucometer
og en CGM.

18. Anordning ifglge krav 14, der endvidere indbefatter mindst én kanyle, der kan indfgres

subkutant for indgivelse af den anbefalede insulindosis.



DK/EP 2525863 T3

DRAWINGS
7 X
=)
|
€wo
{@)]
E
| 1 -
70 150 BG
FIG. 1 tmosu
1008
<<
X
1010 *\
[ 90
1000~ e Y -
Yl -
1004 ! \10 T

TIITTTNY Y

FIG. 2a ¢




DK/EP 2525863 T3

10
/
1008
<«
.3
1010 *\
I .
Y
N /._» 1003
1000 1004 1 |

/v 5

6

FIG. 2b




DK/EP 2525863 T3

10 10?:‘
1008
<<
) A
3 \‘90
3
1001\\ {,1002
PO N N S S :
1010 ! :
\’ E :: M) '
1T ] .
_—_OaeOeerer I I rrErrrRTR>>yyy _\\\_\\\\\\\§
5
6

FIG. 2¢



DK/EP 2525863 T3

1008
—
/]
10 b5—
n 1010
¢ 1001 J/ |
| L 1005
1 “‘ —————————————————————— } il 2
1006 ;07 1\;“| ------- e ~+ -
I ! |
S
I'\_":“‘u---._..i : ; L1 N002
N . R | R _
NN RN N L\\‘ NN \'\‘\'\'\\i‘\\‘\'i\'\ﬁi’“ AN ’&g\Q\W
V\ 5
66 é’”[

FIG. 3a



DK/EP 2525863 T3

~1008
L
/
1010 10 p
IQ%: 1006
LN R | R——— =" 2
i | P
| S ST H——
1005 ! ] ié —
s | o ‘ : 1002

T AN \,@
6 _r/
FIG. 3b




DK/EP 2525863 T3

400

402

e

RECEIVING “BG" DATA

404

~

DETERMINING “I1S” VALUES IN CORRESPONDENCE
WITH THE “BG” DATA

l

DETERMINING INSULIN DOSE IN ACCORDANCE
WITH THE DETERMINED “IS” VALUE

K406
FIG. 4



DK/EP 2525863 T3

500

\ 502

RECEIVING “BG" DATA

504~ !

RECEIVING “IS” VALUES

l

STORING “BG" DATAAND “[S”
VALUES IN MEMORY

X 506
508~ l

RETREIVING DATA FROM MEMORY

l

ANALYZING DATA

1 é\ 510

GENERATING A CORRELATION BETWEEN “BG”
DATA AND “IS” VALUES

FIG. 5 N



DK/EP 2525863 T3

/602 Ve 604
lr DOSE ADVISOR I DOSE ADVISOR
BG [mg/dL] [IS[mg/dL/U] RO
BG<50 170 CIR=20g/U
50<=BG<70 130 TR G OnmaldL
70<=BG<=150 100 S = 9 A
150<BG<=200] 80 ENTER CARBS  40g
200<BG<=250 60 v
250<BG<=300 50 A
300<BG 40 ENTER CBG 210 mg/dL
. v
ADD DONE BACK NEXT
T FIG. 6B
F I G . GA | DOSE ADVISOR I

APPLIED IS = 60mg/dL/U

/ RECOMMENDED BOLUS
606

3.83U

BACK

607/ FIG 6C




700 \

DK/EP 2525863 T3

[

BG=260mg/dL

AN

1IS=50mg/dL/U

AN

BG [mg/dL] | IS[mg/dL/U]
BG<50 170
50<=BG<70 130
70<=BG<=150 100 .
150<BG<=200 80
200<BG<=250 60
250<BG<=300 50
40 ™
300<BG 204
CARBS = 20g —»
TBG = 100mg/dL
CIR = 10g/U
RI=0

06

e

702

[706

710

RECOMMENDED BOLUS =

3.2U

FIG. 7



DK/EP 2525863 T3

802
800 ~\ e
804 3\ BG=60mg/dL
BG [mg/dL] |IS[mg/dL/U] | MV __ |

BG<50 170 0.3
50<=BG<70 130 0.7
70<=BG<=150| 100 1.0
150<BG<=200 80 1.2
200<BG<=250 60 1.4
250<BG<=300 50 1.6
300<BG 40 1.7

BASAL = 1U/hr

A4

1S=130mg/dL/U
1 Mv=07
806

- 808 /

l

RECOMMENDED BASAL =
(BASAL) x (MV) = 0.7U/hr

-

FIG. 8



