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EP 2 477 613 B1
Description
CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] The presentapplication claims priority to U.S. Provisional Patent Application No. 61/243,860, filed on September
18, 2009.

FIELD

[0002] Systems for sustained medical infusion of therapeutic fluids (e.g., insulin) are described herein. Some embod-
iments specifically relate to portable infusion devices with at least one processor including instructions operating thereon
for quantifying bolus doses. Some embodiments more specifically relate to insulin dispensing systems for recommending
a new bolus dose by adjusting an original bolus dose by a certain magnitude according to one or more user parameters.

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 according to blood glucose concentrations ("BG levels"), main-
taining near-constant glucose levels in the body.

[0004] Much of the burden of the disease to the user and to health care resources is due to the 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 euglycemia by frequent glucose measurements and adjustment of insulin delivery accordingly is of utmost
importance.

[0005] Conventional insulin pumps deliver rapid-acting insulin 24 hours a day through a catheter placed under the
skin. The insulin total daily dose ("TDD") is typically divided into basal and bolus doses. Basal insulin is delivered
continuously over 24 hours and is intended to keep the BG levels within acceptable ranges between meal times and
overnight.

[0006] Bolus doses may be delivered during episodes of high BG levels (e.g., a "correction bolus" or "CB") or, when
delivered before, during or after meals to counteract carbohydrate loads (e.g., a "meal bolus" or "MB"). Conventional
parameters used for determining bolus doses include without limitation at least one of the following:

* the amount of carbohydrates consumed or to be consumed ("TC");

* the carbohydrate-to-insulin ratio ("CIR")-the amount of carbohydrates balanced by one unit of insulin measured in
grams per unit of insulin. A high or low CIR value indicates that a high or low amount of carbohydrates can be
"covered" by one unit of insulin, respectively;

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

* current blood glucose levels ("CBG") measured in mg/dL;

* target blood glucose levels ("TBG")-a desired blood glucose level measured in mg/dL; and/or

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

[0007] Additional parameters (e.g., glycemic index) can be also used, and different units can be used, for example
"mmol" instead of "mg/dL".

[0008] Conventional insulin pumps may provide bolus dose recommendations based on one or more of the above-
listed parameters. For example, an MB dose may be calculated by dividing the amount of carbohydrates by the CIR. In
U.S. Patent No. 6,936,029 to Mann et al., a recommended bolus dose is calculated based on all of the above-listed
parameters as follows:
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(TC/CIR) + [(CBG-TBG)/IS] — RI = Recommended Bolus Dose
H_J - ~ J
“Food Estimate” “Correction Estimate”

In a non-meal CB dose, the above formula may be simplified as follows because the TC and RI are not considered:

Recommended Bolus Dose = (CBG-TBG)/IS

[0009] Some of the above-mentioned parameters are also considered in the bolus dose recommendation feature
described in U.S. Patent Application Publication No. US2008/0234663 to Yodfat et al. and International Publication No.
WO 2009/133558, to Yodfat et al. These publications describe this feature (hereinafter "bolus selector feature") as
comprising sets of grids of ranges of carbohydrate amounts and blood glucose concentrations, wherein each grid may
correspond to a different combination of IS, CIR and/or TBG, according to some embodiments. The publications also
note that additional grids may correspond to selected bolus doses and Rl values. The final recommended bolus dose,
according to some embodiments, may be related to a value that is substantially equivalent to the selected bolus dose
minus the RI.

[0010] Currently-available continuous glucose monitors ("CGMs") provide continuous "real-time" BG level readings,
including the direction and rate of change of BG level (i.e., "BG trends"). This feature assesses the BG trend and enables
diabetics to determine (manually) a bolus dose that roughly taken into consideration the BG trend, to improve their
glycemic control by responding quickly to rising and/or falling BG levels. The BG trends may, for example, be displayed
graphically as trend arrows according to BG level change rates as follows:

T = glucose rising quickly: > 2 (mg/dL)/min

/' = glucose going up: 1 to 2 (mg/dL)/min
— = fairly stable glucose:  -1to 1 (mg/dL)/min
\ = glucose going down: -1 to -2 (mg/dL)/min

I =glucose falling quickly: < -2 (mg/dL)/min

[0011] The abovementioned general formula for determining a recommended bolus dose does not take into account
numerous rapidly-changing parameters or physiological conditions (such as without limitation BG trends, physical activity
levels (e.g., exercise or sedentary state), illness (e.g., high temperature) or emotional stress) that may influence or
otherwise substantially modify the recommended bolus dose determination. In addition, rapidly-changing blood-related
parameters, including without limitation, BG levels, ketones, PH levels or blood gases, may also influence or otherwise
substantially modify the recommended bolus dose. For example, the same 5U of insulin may have a substantially different
effect on a person when he or she is exercising as compared to when that person is sleeping.

[0012] While BG level is one of the most important rapidly-changeable parameters, the abovementioned formula only
considers the current BG level (i.e., a discrete value) and not BG trends and other user-specific parameters, including
those identified above. For example, if a high discrete BG level is measured, the formula recommends delivering a large
bolus dose to bring the user's BG levels back to TBG. In situations where consecutive BG level measurements are
consistently high (i.e., BG level is substantially constant), such arecommended bolus dose may be appropriate. However,
if the high-measured BG is increasing or decreasing, a relatively higher or lower bolus dose may be more properly
recommended.

[0013] For example, using the following parameters, the abovementioned formula provides a bolus dose of 2U:

IS =50 mg/dL per unit of insulin
TBG = 100 mg/dL
CBG = 200 mg/dL

CGM trend = rising > 2 mg/dL per min,

Bolus Dose = (CBG — TBG)/IS = (200 mg/dL — 100 mg/dL)/50 (mg/dL)/U = 2U.
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In this case, however, the recommendation may be too low because the BG level will be 260 mg/dL within 30 minutes
and 320 mg/dL within an hour.

[0014] Thus, there is a need for a bolus dose recommendation system and methodology that considers additional
user parameters that affect the recommended bolus dose determination. One such parameter is the trend of the BG
level. US2003/0060753 discloses a fluid delivery system for delivering a bolus dose of therapeutic fluid into the body of
a user, the system comprising: a pump for delivering therapeutic fluid into the body; and at least one processor including
instructions operating thereon, the processor being configured to: receive a current blood glucose level (CBG) of the
user; receive a BG trend of the user, including a direction and/or rate of change of blood glucose level (BG) of the user;
receive one or more first additional parameters relating to the user; receive one or more second additional parameters
relating to the user, such as physical activity level or illness; and determine a bolus dose based on the CBG, the BG
trend, the one or more first additional parameters relating to the user and the one or more second additional parameters,
such that delivering the bolus dose to the user compensates for a change in a BG level of the user; wherein the processor
further includes instructions configured to: determine an initial bolus dose based on the one or more first additional
parameters relating to the user and the CBG; and determine the bolus dose based on the initial bolus dose and one or
more multiplier values, the or each multiplier value representing a magnitude of a particular user parameter on a relative
scale, the one or more multiplier values including at least one of: a multiplier value correlating to the BG trend; and a
multiplier value correlating with at least one of the one or more second parameters.

SUMMARY

[0015] Inaccordance with the presentinvention, there is provided a fluid delivery system as defined in appended claim
1. Embodiments of the invention are defined in appended claims dependent on claim 1. Devices, systems and methods
for delivering therapeutic fluid (e.g., insulin) and determining a recommended amount based on one or more user
parameters are provided herein. The mechanism or feature for determining a recommended bolus dose amount based
on one or more user parameters (e.g., variable or conditions) may be referred to as the "bolus advisor." To this end, the
bolus advisor may be configured to operate within or in conjunction with a fluid dispensing system. In some embodiments,
the bolus advisor may be implemented in a fluid dispensing unit and, in particular, in a portable therapeutic fluid infusion
pump.

[0016] Some arrangements of the present disclosure may be directed to a method for determining a bolus dose of
therapeutic fluid to be delivered to the body of a user. In some arrangements, the method may include receiving a CBG
of the user, receiving a BG trend of the user, receiving one or more first additional parameters relating to the user and/or
determining a bolus dose based on at least one of the CBG, the BG trend and the one or more first additional parameters
relating to the user, such that delivering the bolus dose to the user may compensate for a change in a BG level of the user.
[0017] According to some arrangements, the one or more first additional parameters relating to the user may be
selected from a group consisting of IS, CIR, TBG, TC and RI. In some arrangements the one or more first additional
parameters relating to the user may be further selected from a group consisting of Gl, fat content of a meal and fiber
content of the meal.

[0018] The CBG may be measured using a CGM and/or the BG trend may be received from a CGM.

[0019] Some method arrangements may involve at least one of the one or more first additional parameters relating to
the user, the CBG and the BG trend being received via a user interface.

[0020] Some arrangements may also include notifying the user, for example, regarding the bolus dose and/or delivering
the therapeutic fluid according to the bolus dose.

[0021] In some arrangements, the therapeutic fluid may be insulin.

[0022] Some arrangements may also include delivering the therapeutic fluid according to the bolus dose.

[0023] Some method arrangements may also include determining an initial bolus dose for the user based on at least
one of the one or more first additional parameters relating to the user and the CBG and determining the bolus dose
based on the initial bolus dose and the BG trend. The bolus dose may be less than the initial bolus dose if the BG trend
is decreasing, greater than the initial bolus dose if the BG trend is increasing and/or substantially equal the initial bolus
dose if the BG level of the user is substantially constant.

[0024] In some arrangements increasing may include moderate increasing (e.g., going up) or steep increasing (e.g.,
quickly rising). Decreasing may include moderate decreasing (e.g., going down) or steep decreasing (e.g., falling quickly).
[0025] In some arrangements delivering the bolus dose to the user may compensate for a rate of the change in the
BG level of the user.

[0026] In some arrangements, methods for determining a bolus dose of therapeutic fluid to be delivered to the body
of a user may include determining an initial bolus dose based on at least one of the one or more first additional parameters
relating to the user and the CBG and/or determining the bolus dose based on the initial bolus dose and one or more
multiplier values. Some arrangements may involve determining the bolus dose by multiplying the initial bolus dose by
the one or more multiplier values.
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[0027] In some method arrangements, the one or more multiplier values may be greater than 1 when the BG trend is
increasing, less than 1 when the BG trend is decreasing and/or substantially equal to 1 when the BG level is substantially
constant.

[0028] Some method arrangements may further include retrieving, from a memory, one or more multiplier values
correlating to the BG trend.

[0029] The one or more multiplier values may be determined based on a mathematical function that correlates the
BG trend with the one or more multiplier values, according to some arrangements.

[0030] Arrangements of the methods may include any of the features described in the present disclosure, including
without limitation any one or more of the methods and systems, as well as any one or more of the above and/or following
features.

[0031] In some related arrangements, the methods may include averaging a plurality of the one or more multiplier
values, wherein at least one of the one or more multiplier values correlates to the BG trend and determining the bolus
dose includes determining the bolus dose based on the initial bolus dose and the average of the plurality of the one or
more multiplier values.

[0032] Some method arrangements for determining the bolus dose may also include determining an initial bolus dose
based on at least one of the one or more first additional parameters relating to the user and the CBG and determining
a bolus dose based on the initial bolus dose and one or more absolute values. In some related arrangements, determining
the bolus dose may include adding or subtracting the one or more absolute values to or from the initial bolus dose.
[0033] Insome method arrangements, the one or more absolute values may be added when the BG trend is increasing,
subtracted when the BG trend is decreasing and/or substantially equal to 0 when the BG level is substantially constant.
[0034] In some arrangements, methods may include retrieving, from a memory, one or more absolute values corre-
sponding to the BG trend.

[0035] The one or more absolute values may also be determined based on a mathematical function that correlates
the BG trend with the one or more absolute values, according to some arrangements.

[0036] Arrangements of the methods may include any of the features described in the present disclosure, including
without limitation any one or more of the methods and systems, as well as any one or more of the above and/or following
features.

[0037] Some method arrangements for determining a bolus dose of therapeutic fluid to be delivered to the body of a
user may further be directed to receiving one or more second additional parameters relating to the user, where the one
or more second additional parameters may be selected from the group consisting of physical activity level, emotional
stress level, blood ketones level and/or trend, blood pH level and/or trend, presence of an illness and/or menstruation
and body temperature. Such method arrangements may also include determining a bolus dose that compensates for a
change in the BG level of the user and/or the one or more second additional parameters relating to the user.

[0038] Some arrangements may also include adjusting a timing and/or duration associated with the bolus dose based
on at least the BG trend. In some arrangements determining the bolus dose may be based on at least one of the one
or more first additional parameters relating to the user and the CBG. Adjusting the timing and/or duration associated
with the bolus dose may be based on at least the BG trend.

[0039] Some method arrangements may be directed to determining a recommended bolus dose of therapeutic fluid
for delivery to the body and may include determining an initial bolus dose for a user based on one or more first parameters
relating to the user, inputting one or more second parameters relating to the user, correlating a multiplier value with at
least one of the one or more second parameters and/or deriving a recommended bolus dose by multiplying the initial
bolus dose by the multiplier value of at least one of the one or more second parameters. In some arrangements,
determining a recommended bolus dose may include determining an initial bolus dose for a user based on one or more
first parameters relating to the user, inputting one or more second parameters relating to the user, correlating a multiplier
value with at least one of the one or more second parameters and deriving a recommended bolus dose by multiplying
the initial bolus dose by the multiplier value of at least one of the one or more second parameters.

[0040] In some arrangements, methods for recommending a bolus dose in accordance with a BG trend for use with
an insulin delivery device may include providing a non-BG trend dependent bolus dose, receiving a BG trend, correlating
the BG trend with one or more multiplier values and/or absolute values, multiplying the multiplier value with the non-BG
trend dependent bolus dose and/or adding or subtracting the absolute value from the non-BG trend dependent bolus
dose to obtain the BG trend dependent bolus dose and recommending an appropriate insulin dosage in accordance
with the BG trend.

[0041] System embodiments of the present disclosure are directed to a fluid delivery system for delivering a recom-
mended bolus dose of therapeutic fluid into the body and having a dispensing unit and, in some embodiments, a remote
control unit.

[0042] In some embodiments, the system includes a pump for delivering therapeutic fluid into the body and at least
one processor including instructions operating thereon. The processor is configured to receive a CBG of the user, a BG
trend of the user and one or more first additional parameters relating to the user. The processor determines a bolus
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dose based on at least one of the CBG, the BG trend and the one or more first additional parameters relating to the
user, such that delivering the bolus dose to the user compensates for a change in a BG level of the user.

[0043] According to some embodiments, the one or more first additional parameters relating to the user may be
selected from a group consisting of IS, CIR, TBG, TC and RI. In some embodiments, the one or more first additional
parameters relating to the user may be further selected from a group consisting of Gl, fat content of a meal and fiber
content of the meal.

[0044] In some arrangements, the processor may also include instructions configured to deliver the therapeutic fluid
according to the bolus dose. In some arrangements, the recommended bolus dose may be delivered to the user upon
confirmation received via a user interface.

[0045] In some embodiments, a CGM may be used for measuring the CBG and/or transmitting the BG trend.

[0046] Someembodiments mayinclude notification means for notifying the user, for example, regarding the bolus dose.
[0047] In some system embodiments, the therapeutic fluid may be insulin.

[0048] Some system embodiments may further include a user interface for inputting at least one of the one or more
first additional parameters relating to the user, the CBG and the BG trend.

[0049] The processor has instructions configured to determine an initial bolus dose based on at least one of the one
or more first additional parameters relating to the user and the CBG and/or determine the bolus dose based on the initial
bolus dose and one or more multiplier values. The processor includes instructions configured to multiply the initial bolus
dose by the one or more multiplier values. In some system embodiments the processor may determine the bolus dose
based on the result of the multiplication.

[0050] In some system embodiments for delivering a recommended bolus dose of therapeutic fluid into the body, the
one or more multiplier values may be greater than 1 when the BG trend is increasing, less than 1 when the BG trend is
decreasing and/or substantially equal to 1 when the BG level of the user is substantially constant.

[0051] In some embodiments increasing may include moderate increasing (e.g., going up) or steep increasing (e.g.,
quickly rising). Decreasing may include moderate decreasing (e.g., going down) or steep decreasing (e.g., falling quickly).
[0052] In some embodiments, the system may further include a memory storing the one or more multiplier values
correlating to the BG trend. In some related embodiments, the processor may have instructions configured to retrieve
from the memory the one or more multiplier values.

[0053] In some embodiments, the one or more multiplier values may be determined based on a mathematical function
that correlates the BG trend with the one or more multiplier values.

[0054] In some embodiments, the processor may include instructions configured to average a plurality of the one or
more multiplier values, with at least one of the one or multiplier values correlating to the BG trend. The processor may
also determine the bolus dose based on the initial bolus dose and the averaged multiplier values.

[0055] Embodiments of the systems may include any of the features described in the present disclosure, including
any of the features described above in relation to the methods as well as any one or more of the above and/or following
features.

[0056] The processor includes instructions configured to determine an initial bolus dose of therapeutic fluid based on
at least one of the one or more first additional parameters relating to the user and the CBG.

[0057] Insome arrangements, one or more absolute values may be added when the BG trend is increasing, subtracted
when the BG trend is decreasing and/or substantially equal to 0 when the BG level of the user is substantially constant.
[0058] In some arrangements, the system may further include a memory storing the one or more absolute values
correlating to the BG trend. In some related arrangements, the processor may have instructions configured to retrieve
from the memory the one or more absolute values.

[0059] In some arrangements, the one or more absolute values may be determined based on a mathematical function
that correlates the BG trend with the one or more absolute values.

[0060] Embodiments of the systems may include any of the features described in the present disclosure, including
any of the features described above in relation to the methods as well as any one or more of the above and/or following
features.

[0061] Insystem embodiments, the processor includes instructions configured to receive one or more second additional
parameters relating to the user, the one or more second additional parameters being selected from the group consisting
of physical activity level, emotional stress level, blood ketones level and/or trend, blood pH level and/or trend, presence
of an illness and/or menstruation and body temperature. The processor determines a bolus dose that compensates for
a change in the BG levels of the user and the one or more second additional parameters.

[0062] In some system embodiments, the processor may include instructions configured to adjust a timing and/or
duration associated with the bolus dose based on at least the BG trend. In some embodiments determining the bolus
dose may be based on at least one of the one or more first additional parameters relating to the user and the CBG.
Adjusting the timing and/or duration associated with the bolus dose may be based on at least the BG trend.

[0063] The processor has instructions configured to determine an initial bolus dose for the user based on at least one
of the one or more first additional parameters relating to the user and the CBG and determine the bolus dose based on
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the initial bolus dose and the BG trend. In some embodiments, the bolus dose may be less than the initial bolus dose if
the BG trend is decreasing, greater than the initial bolus dose if the BG trend is increasing and substantially equal to
the initial bolus dose if the BG level of the user is substantially constant.

[0064] Some system arrangements may also involve delivering the bolus dose to the user to compensate for a rate
of the change in the BG level of the user.

[0065] Some systemembodiments may include adisplay for presenting the recommended bolus dose of the therapeutic
fluid to the user. The display may be located on the dispensing unit and/or on a remote control.

[0066] Some system embodiments may include a memory for storing one or more of: the one or more parameters
relating to the user, a database of the BG trends and corresponding multiplier values, mathematical function that correlates
the BG trends and multiplier values, a database of the BG trends and corresponding absolute values, and mathematical
function that correlates the BG trends and absolute values.

[0067] Some system embodiments may be directed to a fluid delivery system for delivering a recommended bolus
dose of therapeutic fluid into the body and include a fluid dispensing unit and, in some embodiments, a remote control
unit configured for inputting the one or more first parameters and one or more second parameters into the fluid dispensing
unit. The fluid dispensing unit may include, according to some embodiments, at least one processor having instructions
operating thereon for assessing and/or storing in memory user-related parameters. The instructions may be configured
to receive input related to an initial bolus dose of therapeutic fluid for a user or receive one or more first parameters
relating to the user to quantify an initial bolus dose, receive one or more second parameters relating to the user, assess
the one or more second parameters, assign a correlating multiplier value to at least one of the one or more second
parameters and derive a recommended bolus dose of therapeutic fluid. In some embodiments deriving a recommended
bolus dose may include multiplying the initial bolus dose by the multiplier value of at least one of the one or more second
parameters. The system may include a display for presenting the recommended bolus dose of therapeutic fluid to the
user and a dispensing mechanism for delivering the recommended bolus dose of therapeutic fluid into the body.
[0068] Embodiments of the systems may include any of the features described in the present disclosure, including
any of the features described above in relation to the methods as well as any one or more of the above and/or following
features.

[0069] Somearrangements ofthe presentdisclosure may be directed to a dispensing unit for delivering arecommended
bolus dose of therapeutic fluid to the body. The device may include at least one processor including instructions operating
thereon for assessing and storing in memory user-related parameters. The processor, according to some embodiments,
may be configured to receive input related to an initial bolus dose of therapeutic fluid for a user or one or more first
parameters relating to the user to quantify an initial bolus dose. The processor may receive one or more second param-
eters relating to the user, assess the one or more second parameters, assign a correlating multiplier value to at least
one of the one or more second parameters and derive a recommended bolus dose of therapeutic fluid by multiplying
the initial bolus dose by the multiplier value of at least one of the one or more second parameters. The dispensing unit
may have a display for presenting the recommended bolus dose of therapeutic fluid to the user and/or a dispensing
mechanism for delivering the recommended bolus dose of therapeutic fluid into the body.

[0070] Some device arrangements of the present disclosure may be directed to a drug delivery device having a
dispensing mechanism, a processor for providing a bolus dose recommendation based on current trend of user physi-
ologic parameters or current physiological conditions, a display for presenting a recommendation of the appropriate
insulin bolus dosage and input means to execute the bolus dose recommendation.

[0071] In some arrangements, the bolus dose recommendation may be determined in accordance with one or more
of the BG trend, physical activity level, emotional stress level, blood ketones level and/or trend, the blood pH level and/or
trend, the presence of an illness and/or menstruation or body temperature.

[0072] Arrangements of the devices may include any of the features described in the present disclosure, including
any of the features described above in relation to the methods, systems and devices, as well as any one or more of the
above and/or following features.

[0073] Some device arrangements may be directed to an insulin delivery device coupled with a continuous glucose
monitor and having a dispensing mechanism, a processor providing a bolus dose recommendation based on the BG
trend derived from the continuous glucose measurements. In some arrangements the device may further include a
display presenting a recommendation of the appropriate insulin bolus dosage and/or input means to execute the bolus
dose recommendation.

[0074] Arrangements of the devices may include any of the features described in the present disclosure, including
any of the features described above in relation to the methods, systems and devices, as well as any one or more of the
above and/or following features.

[0075] According to some arrangements, a user and/or caregiver may assign different multiplier values (MVs) and/or
absolute values (AVs) to each parameter when initially setting up and/or programming certain device and system em-
bodiments of the present disclosure, e.g., a therapeutic fluid delivery pump. According to some arrangements, multiplier
values (MVs) and/or absolute values (AVs) assigned to each parameter may be recommended based on IS values. For
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example, a user with a high and low IS value may be provided with small and large bolus doses, respectively, in response
to changing BG levels.

[0076] In some arrangements, systems of the present disclosure may include a remotely-controlled dispensing unit
having a reusable part and a disposable part. The disposable part may contain a reservoir, an outlet port and other
inexpensive components. The reusable part may contain electronics (e.g., a printed circuit board and/or a processor),
driving mechanism and other relatively expensive components. In some arrangements, the dispensing unit may deliver
therapeutic fluid to the body, which may be carried out manually by operating one or more switches or buttons located
on a dispensing unit.

[0077] In some arrangements, a cradle unit may be provided with the dispensing unit. The cradle unit may be a
substantially flat sheet that adheres to the skin and allows disconnection and reconnection of the dispensing unit from
and to the user’s skin at the user’s discretion. After attachment of the cradle unit to the skin, a cannula for delivery of
fluid therapeutic fluid (e.g., insulin) may be inserted into a subcutaneous portion of the body through a dedicated pas-
sageway in the cradle unit. Some arrangements of the dispensing unit may be configured as a patch-like unit for discreet
positioning on the body.

BRIEF DESCRIPTION OF THE DRAWINGS
[0078]

FIGS. 1a-1cillustrate a fluid delivery system including a dispensing unit and a remote control unit according to some
embodiments of the present disclosure.

FIGS. 2a-2billustrate afluid delivery system including one or more CGMs configured to assess BG Trends according
to some embodiments of the present disclosure.

FIG. 3 illustrates a flow diagram for deriving a recommended bolus dose according to some embodiments of the
present disclosure.

FIG. 4 illustrates a flow diagram for deriving a recommended bolus dose based on a BG Trend, including a numerical
example, according to some embodiments of the present disclosure.

FIG. 5 illustrates a flow diagram for deriving a recommended bolus dose based on physical activity level, including
a numerical example, according to some embodiments of the present disclosure.

DETAILED DESCRIPTION

[0079] Devices, systems and methods for delivering therapeutic fluid (e.g., insulin) and determining a recommended
amount based on one or more user parameters are provided herein. The mechanism or feature for determining a
recommended bolus dose based on one or more user parameters (e.g., variables or conditions) may be referred to as
the "bolus advisor." To this end, the bolus advisor may be configured to operate within or in conjunction with a fluid
dispensing system. In some embodiments, the bolus advisor may be implemented in a fluid dispensing unit and, in
particular, in a portable therapeutic fluid infusion pump. The terms "dispensing," "delivery" and "infusion" are used herein
interchangeably to refer to the administration or distribution of a substance into the body.

[0080] Some embodiments of the present disclosure are directed to a fluid delivery system. The system may include
a user interface configured for receiving input from a user (also referred to as "patient"), including without limitation initial
bolus dose amounts and/or one or more user parameters, a memory configured to store data, including some or all of
a user’s input, and a processor or controller (e.g., a CPU or MCU) configured to determine the bolus dose amounts to
be delivered. Some embodiments may further include a real time clock ("RTC"). In some embodiments, the system may
include a display (e.g., screen) for providing a representation (e.g., visual indication) of one or more parameters, for
example, indicating increases or decreases in BG levels using arrows.

[0081] In some embodiments, the system may be a remotely-controlled, and may be also securable to the skin (e.g.,
a patch pump adherable to the skin of the patient). The system may further include a remote control unit. Some embod-
iments of the system may also include an analyte sensing device (e.g., glucometer, a glucose monitor). In some em-
bodiments, the sensing device may be located in the remote control unit, in a dispensing component of the system,
shared in both, or located in another component of the system. In some embodiments, the sensing device may include
a CGM. In some embodiments, the CGM may be located in a dispensing component of the system.

[0082] Embodiments of the present disclosure may be configured to determine an initial bolus dose (also interchange-
ably referred to throughout this disclosure as an "original bolus dose") and adjust that amount to a recommended bolus
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dose. According to some embodiments, determining the original bolus dose may be based on one or more user param-
eters, including without limitation, one or more of IS, CIR, TBG, TC, RI, glycemic index ("GI"), fat content and CBG. In
some embodiments, adjusting the original bolus dose to a recommended bolus dose may be based on user parameters
which may include without limitation BG trends (as provided by a CGM or any other suitable means for assessing BG
levels), physical activity levels, illness, body temperature, menstruation, emotional stress, blood ketones and blood
gases (e.g., O, saturation). Any one or more of these parameters may be assigned a multiplier value ("MV") that
represents the magnitude of that parameter on a relative scale.

[0083] Embodiments of the present disclosure may thus be configured to recommend a bolus dose by multiplying the
original bolus dose amount by the multiplier values (MVs) of a given number of user parameters.

[0084] The MVs may be determined, for example, by matching tables and/or mathematical correlation or calculation.
The MVs may be represented as fractions, percentages, or any other mathematical presentation.

[0085] In some arrangements, an absolute value ("AV") may be assigned to any one or more of these parameters,
which may be added to or subtracted from the original bolus dose to determine a recommended bolus dose. The AV
may be determined, for example, by matching tables and/or mathematical correlation or calculation.

[0086] By way of example, if a conventional formula for determining a bolus dose is used, as depicted directly below,
an initial bolus dose of 8U may be calculated based on relevant user parameters, as follows:

Parameters: TC =90 g
CIR=15g/U

CBG = 200 mg/dL
TBG = 100 mg/dL

IS =50 mg/dL per unit of insulin

Initial Bolus Dose:

[0087]

[(TC/CIR) + (CBG-TBG)IS] — RI = [(90/15) + (200-100)/50] — 0 = 8U

A recommended bolus dose may then be derived based on one or more additional parameters input into the dispensing
unit and/or system by the user by assigning a multiplier value (MV) to each additional parameter to correlate each
parameter to a relative magnitude. For example, a physical activity level parameter may be assigned an MV of 0.8 and
a BG trend parameter may be assigned an MV of 1.2. Accordingly, the recommended bolus dose may be determined
by multiplying the original bolus dose (i.e., 8U) by these MVs as follows (for example) to get 7.68 (i.e., the 8U is adjusted
downward by 0.32U): 8U * 0.8 * 1.2 = 7.68U. Other mathematical relationships between the MVs may be used.
[0088] According to some embodiments the multiplier values (MVs), as discussed further herein, may be related to
other user-specific parameters, such as a medical condition, blood chemistry or any other clinically-relevant parameter.
A user may enter specific parameters (e.g., physical activity level) and, accordingly, the bolus dose may be modified by
multiplying the initial bolus dose by the one or more multiplier values (MVs). For example, a physical activity level of a
user may be divided into four levels, with each level being represented by a multiplier value (MV) as follows:

* Intensive activity (e.g., running): MV = 0.5
*  High activity (e.g., walking): MV = 0.8

e Sedentary (e.g., sitting): MV = 1

e Sleep: MV =1.2

[0089] According to this example, when the physical activity level is high, the multiplier value (MV) may be less than
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1, indicating that a smaller bolus dose is required, and when the physical activity level is low, the multiplier value (MV)
may be greater than 1, indicating that a larger is required.
[0090] In some embodiments, the bolus advisor may then calculate a recommended a bolus dose by multiplying the
MV of the physical activity level by the initial bolus dose.
[0091] According to some embodiments, a recommended bolus dose may be calculated using one or more of the

abovementioned parameters and associated MVs. For example, the following equation may be used, in which the
influence of all MVs is averaged:

Recommended Bolus Dose = Original Bolus Dose * (MVi+MV+...+MV,)/n),

wherein n is the number of parameters included in the calculation. The "Original Bolus Dose" in the formula represents
the bolus dose as provided by a known formula, for example. A numerical example is provided below.

* "Original Bolus Dose" (using a known, conventional formula): 4U
* Parameter 1 (physical activity level): MV, = 0.5
* Parameter 2 (BG Trend - glucose going up): MV, =1.3

»  Parameter 3 (menstruation - present): MV; = 1.1

Recommended Bolus Dose =4 * ((0.5 + 1.3 +1.1)/3) =3.87U

In some embodiments, each parameter may influence the recommended bolus dose differently, so that a weighted
average of MV may be provided rather than a simple mean.

[0092] In some embodiments, the MVs may represent the relative change in the original bolus dose corresponding to
each parameter. For example, an MV of 1.3 indicates an addition of 30% to the original bolus dose, and an MV of 0.7
indicates a deduction of 30% from the original bolus dose. To calculate a recommended bolus dose based on a plurality
of parameters, the relative changes (e.g., the additional 30%) may be summed up, then added to 1 and the result may
multiply the original bolus dose. In this example, the sum of relative changes is (-50%)+30%+10%=(-10%) or
(-0.5)+0.3+0.1=(-0.1), thus the recommended bolus dose is determined by multiplying the original bolus dose (4U) by
(1+sum of relative changes), i.e., 4 * (1+(-0.1)) = 3.6U.FIGS. 1a-1c show a fluid delivery system 1000 for dispensing
therapeutic fluids (e.g., insulin) into the body of a patient according to some embodiments of the present disclosure.
Some embodiments of the system 1000 may include a dispensing unit 1010 having a dispensing mechanism (e.g.,
syringe with a propelling piston, peristaltic), a remote control unit 1008 and may also include a glucose monitor 90 (e.g.,
a blood glucose monitor "BGM"). The dispensing unit 1010 may be connected to a cannula 6 that penetrates a patient’s
skin 5 to deliver therapeutic fluid (e.g., insulin) into the body (e.g., subcutaneous tissue). The dispensing unit 1010 may
be a single component having a single housing 1003 (as shown in FIGS. 1a and 1b) or a two-part component having
two housings 1001 and 1002 (as shown in FIG. 1c). In some embodiments, housing 1001 (or part 1) maybe reusable
and housing 1002 (or part 2) may be disposable. In some embodiments, the reusable part 1 (or reusable housing 1001)
may include relatively expensive components, such as electronics, a processor, at least a portion of a driving mechanism,
sensors, motors and various other components. Some embodiments of the disposable part 2 (or disposable housing
1002) may include relatively less expensive components, such as a reservoir for containing therapeutic fluid (e.g., insulin),
a connecting tube for delivering therapeutic fluid, and a piston and/or plunger assembly for pumping fluid from the
reservoir into the body, and the like. Other pumping mechanisms such as peristaltic, piezoelectric, and the like may be
used. A power supply (e.g., one or more batteries) for providing power to at least one of the reusable and/or disposable
parts of the fluid dispensing unit may be located in the disposable part, the reusable part, or shared therebetween. The
power supply may be rechargeable or non-rechargeable. In some embodiments, the disposable part may also be con-
figured with a portion of the driving mechanism, such that the driving mechanism would be shared, under those circum-
stances, by both parts (the disposable and the reusable).

[0093] In some embodiments, flow programming and data acquisition may be accomplished using remote control unit
1008 or directly by one or more operating buttons and/or switches 1004 located on the dispensing unit 1010. Some
embodiments of the system 1000 may include at least one processor or controller, at least one memory, at least one
input means (e.g., a keypad, keys, mouse, buttons, switches, touch-screen or audio/voice commander), at least one
screen or display and at least one notification means. The notification means may include without limitation audible
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means (e.g., a buzzer) and/or vibrational means (e.g., a vibrator) to notify the user. Each of the foregoing components
may reside in the remote control unit 1008, the dispensing unit 1010 or both, or in other components of the system.
Embodiments of the remote control unit 1008 may be implemented, for example in one of a Personal Data Assistance
("PDA"), a cellular phone, a watch, a media player (e.g., an iPod), a smartphone (e.g., an iPhone or Android devices),
alaptop, aniPad and/or a PC. Example embodiments of system 1000 are disclosed in U.S. Patent Application Publication
No. 2007/0106218 to Yodfat et al. and International Publication No. WO 2009/125398 to Yodfat et al.

[0094] In some embodiments, the system 1000 may include at least one of a BGM, CGM or both. The BGM and/or
CGM may be contained within the remote control unit 1008 and/or the dispensing unit 1010, and/or another component
of the system. In some embodiments, the BGM and/or CGM may be contained in a separate unit configured to establish
one- or two-way communication (e.g., wireless, RF or IR induction) with the dispensing unit 1010 and/or the remote
control unit 1008. In some embodiments, the glucose monitor may be shared between a plurality of units/part/components
of the system. In some embodiments, a CGM contained within the dispensing unit 1010 may be positioned within the
reusable part of the unit 1010, the disposable part of the unit 1010 or both. Some embodiments may include a sensing
element (e.g., an electrochemical sensor or one or more electrodes) disposed on the cannula 6. Example embodiments
are disclosed in U.S. Patent Application Publication Nos. 2007/0191702 to Yodfat et al. and 2008/0214916 to Yodfat et
al., as well as International Publication No. WO 2009/066288 to Yodfat et al. In some embodiments, a bolus advisor 10
may be located in the dispensing unit 1010 (see FIG. 1a), the remote control unit 1008 (see FIGS. 1b and 1c¢) or within
both units (1010 and 1008). In some embodiments, the bolus advisor 10 may be implemented in another component of
the system, such as a PC.

[0095] FIGS. 2a and 2b show a system 1000, according to some embodiments of the present disclosure, having a
two-part dispensing unit 1010, a remote control unit 1008 and a CGM unit 1007. In some embodiments, the two-part
dispensing unit 1010 may include housings 1001 and 1002. In some embodiments, housing 1001 (or part 1) maybe
reusable and a housing 1002 (or part 2) may be disposable. The dispensing unit 1010 may contain a dispensing mech-
anism 1005 that may be positioned within either or both of housing 1001 and housing 1002. The bolus advisor 10 may
be included within the remote control unit 1008 (see FIG. 2a), dispensing unit 1010 (see FIG. 1a) or both.

[0096] FIG. 2a specifically shows a system embodiment having a two-part dispensing unit 1010 and a stand-alone
CGM unit 1007. The CGM unit 1007, in some embodiments, may have a probe 66 and a sensing mechanism 1006.
Embodiments of the sensing mechanism 1006 may include without limitation a processor, a transmitter and a memory.
According to some embodiments of the present disclosure, continuous glucose readings obtained by the CGM unit 1007
may be transmitted to the remote control unit 1008 and/or the dispensing unit 1010, as indicated by the arrows shown
in FIG. 2a.

[0097] FIG. 2b specifically shows a system embodiment having two-part dispensing unit 1010 thatincludes a dispensing
mechanism 1005 and an onboard CGM unit (not shown). The CGM unit may have a probe 66 and a sensing mechanism
1006. In some embodiments, the dispensing mechanism 1005 may deliver therapeutic fluid (e.g., insulin) through a
cannula 6 and the sensing mechanism 1006 may obtain continuous glucose readings using probe 66. According to
some embodiments, probe 66 may be located within or on the cannula 6, as described in U.S. Patent Application
Publication Nos. 2007/0191702 to Yodfat et al. and 2008/0214916 to Yodfat et al., and International Publication No. WO
2008/078319 to Yodfat et al. Yet, in some embodiments, the cannula 6 and probe 66 may be configured apart from one
another to allow therapeutic fluid delivery in one location and glucose sensing in another location.

[0098] Insomeembodiments, bolus doses of therapeuticfluid (e.g., insulin) may be recommended by the bolus advisor
10 based on determined BG trends received from the continuous glucose readings obtained from the sensing mechanism
1006. In some embodiments, the BG trends may be computed by a processor based on BG levels received from the
CGM. The BG trend may indicate the change and/or the rate of change in BG levels.

[0099] In some embodiments, therapeutic fluid (e.g., insulin) may be automatically delivered into the body by the
dispensing mechanism 1005 according to continuous BG level readings obtained by the sensing mechanism 1006. In
some embodiments, the sensing mechanism 1006 may operate in a closed-loop mode (i.e., automatic feedback with
no need for user interaction) or in a semi-closed loop mode (or semi-open loop mode) (i.e., requiring user interaction to
confirm instructions). Some embodiments of the present disclosure may be configured to automatically modify basal
delivery amounts according to continuous glucose readings obtained by sensing mechanism 1006. In some embodiments,
bolus doses may be delivered by way of a user manually inputting (e.g., an open loop mode) the bolus dose based on
recommended amounts received from the bolus advisor 10.

[0100] FIG. 3 is an example of a flow diagram depicting a procedure for deriving a recommended bolus dose using
the bolus advisor 10 according to some embodiments of the present disclosure. At step 301, an original bolus dose (e.g.,
an initial bolus dose) may be provided by a user or a currently-available bolus dose recommendation tool (e.g., a known
formula or bolus selector feature) based on a glucose level measurement (e.g., discrete BG level measurement) and/or
consumed meal. This bolus dose amount may be entered into the dispensing unit 1010 (see FIGS. 2a and 2b) using
onboard switches and/or buttons 1004 and/or via remote control unit 1008. In some embodiments, the original bolus
dose may be determined based on one or more parameters including without limitation IS, CIR, TBG, CBG, TC, G, fat
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content of the meal, and RI. In some embodiments, the TC may be zero when the patient is not consuming (or intend
to consume) food.

[0101] At step 302, a user may input, via a user interface for example, one or more additional user parameters (e.g.,
variables or conditions) into the dispensing unit 1010, according to some embodiments. These parameters may include
one or more BG trends (as provided by a CGM, for example), physical activity levels, indicators as to the presence of
an iliness, body temperature values, emotional stress levels and/or any other suitable parameters relating to the user.
These parameters may be programmed into the dispensing unit 1010 (see FIGS. 2a and 2b) using onboard switches
and/or buttons 1004 and/or via remote control unit 1008. In some embodiments, the one or more additional user param-
eters may be transmitted to the dispensing unit 1010. For example, the CGM unit may transmit BG trend(s) to the bolus
advisor.

[0102] At step 303, each parameter programmed into dispensing unit 1010 may be associated with a multiplier value
(MV). The correlation between each specific parameter and corresponding MV may be performed by the bolus advisor
10 using one or more of matching tables, mathematical correlation or calculation, for example. The bolus advisor 10
may operate in conjunction with a processor or controller contained within dispensing unit 1010 or remote control unit
1008 and also memory contained with dispensing unit 1010 or remote control unit 1008.

[0103] At step 304, the bolus advisor 10, according to some embodiments, may then determine (e.g., calculate) and
output a recommended bolus dose as a function of the different multiplier values (MVs) and the original bolus dose from
step 301. In some embodiments, the bolus advisor 10 may provide a notification to the user via a suitable notification
means (e.g., a graphic display, beeper, buzzer or vibrator) regarding the recommended bolus dose.

[0104] FIG. 4 is an example of a flow diagram depicting a procedure, according to some embodiments of the present
disclosure, for deriving arecommended bolus dose using the bolus advisor 10. In some embodiments, the recommended
bolus dose may depend on a single additional parameter, such as the BG trend of a user, as exemplified in FIG. 4. At
step 401, a user’s IS, CIR, TBG, CBG, TC and RI values are provided to calculate an initial bolus dose (e.g., original
bolus dose) in accordance with a known formula or a bolus selector feature. In some embodiments, one or more of the
values may be zero. The formula use in the exemplary procedure in FIG. 4 is shown at step 401. In the given example,
an initial bolus dose of 2.5U is calculated based on the provided user parameters (i.e., IS, CIR, TBG, CBG, TC and RI)
and the chosen formula. Other formulas or means for determining a bolus dose may be used.

[0105] At step 402, a BG trend parameter is provided by a CGM. In the given example, the BG level is increasing at
a rate of 1 to 2 (mg/dL)/min. This rate, according to some embodiments, may be graphically represented on a display
(e.g., of the dispensing unit 1010 and/or remote control unit 1008), by an arrow pointing in the 2 o’clock direction. In
some embodiments, the devices and/or systems of the present disclosure may be coupled to a CGM and have a memory
configured to store BG level measurements and/or BG trends, and a processor configured to assess the continuous
blood glucose concentration measurements and identify trends (e.g., increases and/or decreases) in BG levels. According
to some embodiments, BG trends may be represented via vectors (e.g., 5 vectors) and graphically depicted as follows
on a display:

T = glucose rising quickly: > 2 (mg/dL)/min

/7 = glucose going up: > 1 (mg/dL)/min
— = fairly stable glucose: > -1 (mg/dL)/min < 1 (mg/dL)/min
\ = glucose going down: <-1to -2 (mg/dL)/min

I = glucose falling quickly: < -2 (mg/dL)/min

[0106] At step 403, the BG trend parameter may be correlated with a multiplier value (MV) of 1.3, which may correlate
with the given BG trend of blood glucose concentration increasing at a rate graphically depicted by an arrow pointing in
the 2 o’clock direction. In some embodiments, each BG trend vector (or range of BG trend vectors) may be represented
by a certain multiplier value (MV) that correlates the magnitude of a particular user parameter to a relative scale. For
example:

T = glucose rising quickly: MV =1.6
/' = glucose going up: MV =1.3
— = fairly stable glucose: MV =1

\ = glucose going down: MV =0.7
J =glucose falling quickly: MV =0.4

[0107] According to some embodiments, and by way of example only, when a BG trend parameter is down, the
multiplier value (MV) will be less than about 1, as shown directly above. Conversely, in some embodiments, if a BG
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trend parameter is up, the multiplier value (MV) will be larger than about 1. If a BG trend parameter is fairly constant
(i.e., no change in blood glucose concentration), the MV would be about 1.

[0108] Atstep 404, arecommended bolus dose is calculated and provided by the bolus advisor 10. The recommended
bolus dose may equal the multiplier value (MV) multiplied against the initial bolus dose of 2.5U from step 401, i.e. a
bolus dose of 3.25U (1.3*2.5). Embodiments of the present disclosure may be configured to use the bolus advisor to
derive recommended bolus doses by multiplying an original bolus dose (e.g., initial bolus dose) amount by the multiplier
values (MV) of one or more BG trend parameters. The original bolus dose may be determined by the user by direct
estimation of TC, by a known formula for calculating a bolus dose or by a bolus selector feature (for example). Exemplary
formulas that may be used are described in U.S. Patent Application Publication No. 2008/0234663 to Yodfat et al. and
International Publication No. WO 2009/133558 to Yodfat et al., or U.S. Patent No. 6,936,029 to Mann et al.

[0109] In some embodiments, the recommended bolus dose may be smaller than the original bolus dose if the BG
trend indicates that the blood glucose level is going down or falling. In further embodiments, the recommended bolus
dose may be higher than the original bolus dose if the BG trend indicates that the blood glucose level is going up or
rising. In some embodiments, the recommended bolus dose may be substantially equal to the original bolus dose if the
BG trend indicates a substantially constant level of the blood glucose level.

[0110] A numerical example correlating a multiplier value (MV) to a quickly-rising glucose trend of > 2(mg/dL)/min is
provided below:

Parameters:
[0111]
IS =50
CIR=15
TBG =100
TC =90 g (e.g., pepperoni pizza)
CBG = 200 (mg/dL)

Parameters with Assigned Correlated Values:

[0112]

BG Trend: > 2 (mg/dL)/min (MV = 1.6)

Options for Determining the Recommended Bolus Dose:

[0113]

* implementing User Estimation of Bolus Dose = about 10U (e.g., user knows that pepperoni pizza is approximately
10 units of insulin)

Recommended Bolus Dose = Estimation * MV = 10U * 1.6 = 16U

* implementing a formula:

[(TC/CIR) + (CBG-TBG)/IS] * MV = [((90/15) + (200-100))/50] * 1.6 = 12.8U

[0114] Embodiments of the present disclosure may be directed to determining a recommended bolus dose based on
CBG and BG trend(s). For example, if the CBG is normal (e.g., substantially equals the TBG or is within a normal range)
and aBG trendis increasing, the bolus advisor 10 may determine arecommended bolus dose according to therising slope.
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[0115] In some embodiments the bolus advisor 10 may determine the amount of fluid to be delivered via a bolus dose
(e.g., a correction bolus or meal bolus) according to the CBG, BG trend or any other relevant parameters, including
without limitation, IS, CIR, TBG, TC, GlI, fat content of the meal, RI, physical activity level, emotional stress level, blood
ketones level and/or trend, blood pH level and/or trend, presence of an illness and/or menstruation or body temperature.
For example, for a certain meal the bolus advisor 10 may determine (and/or recommend) a larger bolus dose when the
BG trend is increasing compared to when the BG trend is constant. Conversely, for a certain meal, the bolus advisor 10
may determine (and/or recommend) a smaller bolus dose when the BG trend is decreasing compared to when the BG
trend is constant.

[0116] In some embodiments, the bolus advisor 10 may adjust the bolus timing (i.e., the point in time at which bolus
dose delivery is initiated) and/or duration (i.e., the distribution over time of the bolus dose) based on one or more of the
following parameters: IS, CIR, TBG, CBG, BG trend, TC, GlI, fat content of the meal, RI, physical activity level, emotional
stress level, blood ketones level and/or trend, blood pH level and/or trend, presence of an illness and/or menstruation
or body temperature. In some embodiments, the bolus advisor 10 may control the dispensing unit 1010 to prolong the
delivery time duration of the bolus dose, shorten the delivery time duration, delay the delivery or distribute the delivery
dose unequally across the delivery time duration. For example, the bolus advisor 10 may determine a bolus dose
according to a known formula or a bolus selector feature and determine the delivery timing and/or duration based, at
least in part, on the BG trend.

[0117] In some embodiments, the bolus advisor 10 may determine (and/or recommend) to delay the delivery of a meal
bolus dose if the CBG is low and the BG trend indicates that the BG level is rising. In some embodiments, the bolus
advisor 10 may determine (and/or recommend) to shorten the delivery duration of a bolus dose (e.g., a correction bolus
or a meal bolus) if the CBG is high and the BG trend indicates that the BG level is increasing. In some embodiments,
the bolus advisor 10 may determine (and/or recommend) to distribute a meal bolus dose unequally if the CBG is normal
and the BG trend is increasing, to first counteract both the rising BG level and the meal TC and later to counteract only
the TC (depending on the contents of the meal, for example).

[0118] FIG. 5 is an example of a flow diagram depicting a procedure, according to some embodiments of the present
disclosure, for deriving arecommended bolus dose using the bolus advisor 10. In some embodiments, the recommended
bolus dose may depend on a single additional parameter, such as a user’s physical activity level, as shown in FIG. 5.
At step 501, auser’s IS, CIR, TBG, CBG, TC and Rl values are provided to calculate an initial bolus dose in accordance
with a known formula or a bolus selector feature. The formula used in the exemplary procedure in FIG. 5 is shown at
step 501. In the given example, an initial bolus dose of 2.5U is calculated based on the provided user parameters (i.e.,
IS, CIR, TBG, CBG, TC and RI) and the chosen formula.

[0119] At step 502 a physical activity level parameter is inputted by the user, e.g., a "High" physical activity level
designation. At step 503, this physical activity level parameter may be correlated by the bolus advisor with a multiplier
value (MV). For example a value of 0.5 may correlate to the given physical activity level designation of "High." Conversely,
if the user had entered "Low" for this parameter, the bolus advisor may have assigned an MV of 0.8, for example, to the
parameter. At step 504, a recommended bolus dose is calculated and output by the bolus advisor. The recommended
bolus dose may equal the multiplier value (MV) multiplied against the initial bolus dose from step 501, i.e. a bolus dose
of 1.25U (0.5*2.5).

[0120] Insomearrangements, user parameters (e.g., BG trends or physical activity levels) may be assigned an absolute
value ("AV") of a bolus dose that may be added or subtracted from the initial bolus dose. In some arrangements, the AV
may be a constant value. In some arrangements, the AV may be correlated to and/or dependent upon other parameters,
such as for example CBG, TBG, and BG trend. In further arrangements, the AV and/or MV may be also dependent on
time (i.e., vary with time) according to a predetermined pattern or mathematical function, or correlated to at least one
parameter. According to some arrangements, one or more parameters may be assigned an absolute value (AV) of an
initial bolus dose and one or more parameters may be assigned a multiplier value (MV). By way of example, a BG trend
parameter may be assigned an absolute value (AV) and added to the initial bolus dose and a physical activity level
parameter may be assigned a multiplier value (MV) and multiplied against the remainder of the formula as shown below
to derive a recommended bolus dose:

Parameters:
[0121]
TC=90g
CIR=15g/U

CBG = 200 mg/dL
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TBG = 100 mg/dL
IS =50 mg/dL per unit of insulin
RI=0.

Parameters with Assigned Correlated Values:

[0122]
e BGtrend: rising at 1-2 mg/dL/min — add = 1.2U
e Physical activity level: MV = 0.8

Recommended Bolus Dose:

[0123]

[(90/15) + (200-100)/50 +1.2] * 0.8 = 7.36U

[0124] In some embodiments, as discussed above with respect to FIG. 4, the BG trend may be divided into multiple
vectors, wherein each BG trend vector may be represented by a certain multiplier value (MV). Furthermore, according
to some arrangements, each BG trend vector (or range of BG Trend vectors) may be represented by a certain absolute
value (AV) of bolus dose that may also (or instead) be added or subtracted from the initial bolus dose, for example:

T = glucose rising quickly: ~ AV=2U
/" = glucose going up: AV =1U
— = fairly stable glucose: AV =0U
\ = glucose going down: AV=-1U
J = glucose falling quickly: AV =-2U

[0125] In some arrangements, when a BG trend parameter is down the absolute value of the AV parameter may be
subtracted from the original bolus dose (as less insulin is required). In some arrangements, if a BG trend parameter is
up, the AV may be added (as more insulin is required). In some embodiments, if a BG trend is constant (i.e., no change
in blood glucose concentration), the AV will be 0.

[0126] Arrangements of the present disclosure may recommend a bolus dose by adding and/or subtracting the AV of
a BG trend to and/or from, respectively, the initial bolus dose amount provided by a user’s estimation of TC or by a
known formula.

[0127] A recommended bolus dose may then be derived based on one or more additional parameters input into the
dispensing unit 1010 and/or system 1000 by the user by assigning an absolute value (AV) to each additional parameter
to correlate each parameter to a relative magnitude. Accordingly, the recommended bolus dose may be determined by
adding or subtracting these AV’s from the original bolus dose.

[0128] According to some arrangements, a recommended bolus dose may be calculated using one or more of the
abovementioned parameters and associated AVs. For example, the following equation may be used:

Recommended Bolus Dose = Original Bolus Dose +/- ((AV1+AVa+...+AV,)/n),

wherein n is the number of parameters included in the calculation. The "Original Bolus Dose" in the formula represents
the bolus dose as provided by a known formula, for example.

[0129] In some arrangements, each parameter may influence the recommended bolus dose differently, so that a
weighted average of AV may be provided rather than a simple mean.

[0130] Various embodiments of the subject matter described herein can 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 embodiments may include implementation in one or more computer

15



10

15

20

25

30

35

40

45

50

55

EP 2477 613 B1

programs that are executable and/or interpretable on a programmable system including at least one programmable
processor, which can 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.

[0131] These computer programs (also known as programs, software, software applications or code) include machine
instructions for a programmable processor, and can be implemented in a high-level procedural and/or object-oriented
programming language, and/or 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, Pro-
grammable 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 "ma-
chine-readable signal" refers to any signal used to provide machine instructions and/or data to a programmable processor.
[0132] To provide for interaction with a user, the subject matter described herein can be implemented on a computer
having a display device (e.g., a CRT (cathode ray tube), LCD (liquid crystal display) monitor, or other display device)
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 can be used to provide for interaction with a user as
well; for example, feedback provided to the user can be any form of sensory feedback (e.g., visual feedback, auditory
feedback, or tactile feedback); and input from the user can be received in any form, including acoustic, speech, or tactile
input.

[0133] The subject matter described herein can 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,
middleware, or front-end components. The components of the system can 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.

[0134] 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.

[0135] Some embodiments of the present disclosure preferably implement the bolus advisor 10 via software operated
on a processor contained in a remote control device of an insulin dispensing system and/or a processor contained in
an insulin dispensing device being part of an insulin dispensing system.

[0136] Although a few variations have been disclosed in detailed disclosure above, 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. Accordingly, a person having ordinary skill in the art will understand and recognize that 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 a sequential order, to achieve desirable results. Other embodiments, implementations, aspects,
advantages and modifications may be considered within the scope of the appended claims, as well as any other potential
claims supported by this disclosure.

Claims

1. A fluid delivery system (1000) for delivering a bolus dose of therapeutic fluid into the body of a user, the system
comprising:

a pump (1005) for delivering therapeutic fluid into the body; and
at least one processor (10) including instructions operating thereon, the processor (10) being configured to:

receive a current blood glucose level (CBG) of the user;

receive a BG trend of the user, including a direction and/or rate of change of blood glucose level (BG) of
the user;

receive one or more first additional parameters relating to the user;

receive one or more second additional parameters relating to the user, the one or more second additional
parameters being selected from a group consisting of physical activity level, emotional stress level, blood
ketones level and/or trend, blood pH level and/or trend, presence of an iliness and/or menstruation and
body temperature; and

determine a bolus dose based onthe CBG, the BG trend, the one or more first additional parameters relating
to the user and the one or more second additional parameters, such that delivering the bolus dose to the
user compensates for a change in a BG level of the user
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wherein the processor (10) includes instructions configured to:

determine an initial bolus dose based on the one or more first additional parameters relating to the user and
the CBG; and

determine the bolus dose based on the initial bolus dose being multiplied by one or more multiplier values or
an average of a plurality of multiplier values, the or each multiplier value representing a magnitude of a particular
user parameter on a relative scale, the one or more multiplier values including at least one of:

a multiplier value correlating to the BG trend; and
a multiplier value correlating with at least one of the one or more second parameters.

The system (1000) of claim 1, wherein the one or more first additional parameters relating to the user are selected
from a group consisting of insulin sensitivity (I1S), carbohydrate-to-insulin ratio (CIR), target blood glucose (TBG),
an amount of carbohydrate to be consumed (TC), and residual insulin (RI).

The system (1000) of claim 2, wherein the one or more parameters relating to the user are further selected from a
group consisting of: glycemic index (Gl), fat content of the meal, and fiber content of the meal.

The system (1000) of claim 1 further comprises a continuous glucose monitor (CGM) (1007),(66,1006) for measuring
the CBG and/or the BG trend, or a user interface (1004) for inputting at least one of the one or more first additional
parameters relating to the user, the CBG and the BG trend.

The system (1000) of claim 1, further comprising a memory storing the one or more multiplier values correlating to
the BG trend, wherein the processor (10) includes instructions configured to retrieve from the memory the one or
more multiplier values.

The system (1000) of claim 1, wherein the processor (10) further includes instructions configured to:

determine the bolus dose based on the initial bolus dose, the one or more multiplier values and one or more
absolute values.

The system (1000) of claim 7, wherein the processor (10) includes instructions configured to add or subtract the
one or more absolute values to or from the initial bolus dose.

The system (1000) of claim 7, further comprising a memory storing one or more absolute values correlating to the
BG trend, wherein the processor (10) includes instructions configured to retrieve from the memory the one or more
absolute values.
The system (1000) of claim 1, wherein:

the one or more multiplier values are greater than 1 when the BG trend is increasing;

the one or more multiplier values are less than 1 when the BG trend is decreasing; and

the one or more multiplier values substantially equal 1 when the BG level of the user is substantially constant.
The system (1000) of claim 7, wherein:

the one or more absolute values are added when the BG trend is increasing;

one or more the absolute values are subtracted when the BG trend is decreasing, and

the one or more absolute values substantially equal 0 when the BG level of the user is substantially constant.

The system (1000) of claim 1, wherein the one or more multiplier values is determined based on a mathematical
function that correlates the BG trend with the one or more multiplier values.

The system (1000) of claim 7, wherein the one or more absolute values is determined based on a mathematical
function that correlates the BG trend with the one or more absolute values.

The system (1000) of claim 1 further comprising notification means for notifying the user regarding the bolus dose.
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14. The system (1000) of claim 1, wherein the processor (10) includes instructions configured to adjust a timing and/or

duration associated with the bolus dose based on at least the BG trend.

Patentanspriiche

Fluidzuflihrungssystem (1000) zum Zufiihren einer Bolus-Dosis eines therapeutischen Fluids in den Kdrper eines
Benutzers, das System umfassend:

eine Pumpe (1005) zum Zufiihren eines therapeutischen Fluids in den Koérper; und
mindestens einen Prozessor (10), der Anweisungen enthalt, die darauf funktionieren, wobei der Prozessor (10)
zu folgendem konfiguriert ist:

Empfangen eines aktuellen Blutglukosespiegels (blood glucose level, CBG) des Benutzers;

Empfangen einer BG-Tendenz des Benutzers, einschlieRlich einer Richtung und/oder Anderungsrate des
Blutglukosespiegels (BG) des Benutzers;

Empfangen eines oder mehrerer erster zusatzlicher Parameter in Bezug auf den Benutzer;

Empfangen eines oder mehrerer zweiter zusatzlicher Parameter in Bezug auf den Benutzer, wobei der
eine oder die mehreren zweiten zusatzlichen Parameter ausgewahlt sind aus einer Gruppe, bestehend aus
einem Grad korperlicher Aktivitdt, Grad emotionaler Belastung, Blutketonspiegel und/oder -tendenz, Wert
und/oder Tendenz des Blut-pH, Vorliegen einer Krankheit und/oder Menstruation und Kérpertemperatur;
und

Bestimmen einer Bolus-Dosis beruhend auf dem CBG, der BG-Tendenz, dem einen oder den mehreren
ersten zusatzlichen Parameter in Bezug auf den Benutzer und dem einen oder den mehreren zweiten
zusatzlichen Parametern, sodass ein Zuflihren der Bolus-Dosis zu dem Benutzer eine /—\nderung in einem
BG-Wert des Benutzers ausgleicht,

wobei der Prozessor (10) Anweisungen enthalt, die zu folgendem konfiguriert sind:

Bestimmen einer anfanglichen Bolus-Dosis beruhend aufdem einen oder den mehreren ersten zusétzlichen
Parameter in Bezug auf den Benutzer und den CBG; und

Bestimmen der Bolus-Dosis beruhend auf der anfanglichen Bolus-Dosis multipliziert mit einem oder meh-
reren Multiplikatorwerten oder einem Mittelwert einer Vielzahl von Multiplikatorwerten, wobei der oder jeder
der Multiplikatorwerte eine GréRenordnung eines jeweiligen Benutzerparameters auf relativer Skala dar-
stellt, wobei der eine oder die mehreren Multiplikatorwerte mindestens einen der folgenden enthalt:

einen Multiplikatorwert, der der BG-Tendenz entspricht; und
einen Multiplikatorwert, der mindestens einem von dem einen oder den mehreren zweiten Parametern
entspricht.

System (1000) nach Anspruch 1, wobei der eine oder die mehreren ersten zusatzlichen Parameter in Bezug auf
den Benutzer ausgewahlt sind aus einer Gruppe, bestehend aus Insulinsensitivitat (IS), Verhaltnis Kohlenhydrat zu
Insulin (carbohydrate-to-insulin ratio, CIR), Zielblutzucker (target blood glucose, TBG), einer Menge von aufzuneh-
mendem Kohlenhydrat (TC) und Restinsulin (RI).

System (1000) nach Anspruch 2, wobei der eine oder die mehreren Parameter in Bezug auf den Benutzer ferner
ausgewahlt sind aus einer Gruppe, bestehend aus: glykédmischer Index (Gl), Fettgehalt der Mahlzeit und Fasergehalt
der Mahlzeit.

System (1000) nach Anspruch 1, ferner umfassend eine kontinuierliche Glukosemonitoring-Einheit (continuous
glucose monitor, CGM) (1007), (66,1006) zum Messen des CBG und/oder der BG-Tendenz, oder eine Benutzero-
berflache (1004) zum Eingeben von mindestens einem des einen oder der mehreren ersten zusatzlichen Parameter
in Bezug auf den Benutzer, den CBG und die BG-Tendenz.

System (1000) nach Anspruch 1, ferner umfassend einen Speicher, der den einen oder die mehreren Multiplikator-

werte speichert, die der BG-Tendenz entsprechen, wobei der Prozessor (10) Anweisungen enthalt, die konfiguriert
sind, um aus dem Speicher den einen oder die mehreren Multiplikatorwerte abzurufen.
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System (1000) nach Anspruch 1, wobeider Prozessor (10) ferner Anweisungen enthalt, die zu Folgendem konfiguriert
sind:

Bestimmen der Bolus-Dosis beruhend auf der anfanglichen Bolus-Dosis, dem einen oder den mehreren Mul-
tiplikatorwerten und dem einen oder den mehreren Absolutwerten.

System (1000) nach Anspruch 7, wobei der Prozessor (10) Anweisungen enthalt, die konfiguriert sind, um den einen
oder die mehreren Absolutwerte zu der anfénglichen Bolus-Dosis zu addieren oder davon zu subtrahieren.

System (1000) nach Anspruch 7, ferner umfassend einen Speicher, der einen oder mehrere Absolutwerte speichert,
die der BG-Tendenz entsprechen, wobei der Prozessor (10) Anweisungen enthalt, die konfiguriert sind, um aus
dem Speicher den einen oder die mehreren Absolutwerte abzurufen.

System (1000) nach Anspruch 1, wobei:

der eine oder die mehreren Multiplikatorwerte gréRer als 1 sind, wenn die BG-Tendenz ansteigt;

der eine oder die mehreren Multiplikatorwerte weniger als 1 sind, wenn die BG-Tendenz abnimmt; und

der eine oder die mehreren Multiplikatorwerte im Wesentlichen gleich 1 sind, wenn der BG-Wert des Benutzers
im Wesentlichen konstant ist.

System (1000) nach Anspruch 7, wobei:

der eine oder die mehreren Absolutwerte addiert werden, wenn BG-Tendenz ansteigt;

der eine oder die mehreren Absolutwerte subtrahiert werden, wenn die BG-Tendenz abnimmt, und

der eine oder die mehreren Absolutwerte im Wesentlichen gleich 0 sind, wenn der BG-Wert des Benutzers im
Wesentlichen konstant ist.

System (1000) nach Anspruch 1, wobei der eine oder die mehreren Multiplikatorwerte auf Grundlage einer mathe-
matischen Funktion bestimmt werden, die der BG-Tendenz mit dem einen oder den mehreren Multiplikatorwerten
entspricht.

System (1000) nach Anspruch 7, wobei der eine oder die mehreren Absolutwerte auf Grundlage einer mathemati-
schen Funktion bestimmt werden, die der BG-Tendenz mit dem einen oder den mehreren Absolutwerten entspricht.

System (1000) nach Anspruch 1, ferner umfassend ein Mitteilungsmittel, um den Benutzer in Bezug auf die Bolus-
Dosis zu informieren.

System (1000) nach Anspruch 1, wobei der Prozessor (10) Anweisungen enthalt, die konfiguriert sind, um eine
Zeitschaltung und/oder Dauer assoziiert mit der Bolus-Dosis beruhend mindestens aufder BG-Tendenz einzustellen.

Revendications

1.

Systeme d’administration de fluide (1000) pour administrer une dose grande de fluide thérapeutique dans le corps
d’'un utilisateur, le systtme comprenant :

une pompe (1005) pour administrer le fluide thérapeutique dans le corps ; et
au moins un processeur (10) incluant des instructions opérant sur lui, le processeur (10) étant configuré pour :

recevoir un taux de glycémie actuel de I'utilisateur ;

recevoir une tendance glycémique de I'utilisateur, incluant une direction et/ou vitesse de changement de
taux de glycémie de I'utilisateur ;

recevoir un ou plusieurs premiers parametres supplémentaires relatifs a 'utilisateur ;

recevoir un ou plusieurs deuxiémes parametres supplémentaires relatifs a I'utilisateur, le ou les deuxiémes
paramétres supplémentaires étant sélectionnés dans un groupe comprenant : niveau d’activité physique,
niveau de stress émotionnel, niveau et/ou tendance des cétones sanguines, niveau et/ou tendance du pH
sanguin, présence d’'une maladie et/ou de menstruation et température corporelle ; et

déterminer une dose grande en fonction de la glycémie actuelle, de la tendance glycémique, du ou des
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premiers parameétres supplémentaires relatifs a I'utilisateur et du ou des deuxiémes parameétres supplé-
mentaires, de telle sorte que I'administration de la dose grande a I'utilisateur compense un changement
de taux de glycémie de I'utilisateur

dans lequel le processeur (10) inclut des instructions configurées pour :

déterminer une dose grande initiale en fonction du ou des premiers paramétres supplémentaires relatifs a
l'utilisateur et a la glycémie actuelle ; et

déterminer la dose grande en fonction de la dose grande initiale multipliée par une ou plusieurs valeurs
multiplicatrices ou une moyenne d’'une pluralité de valeurs multiplicatrices, la ou chaque valeur multiplicatrice
représentant une grandeur d’un paramétre d’utilisateur particulier sur une échelle relative, la ou les valeurs
multiplicatrices comprenant a moins 'une de :

une valeur multiplicatrice en corrélation avec la tendance glycémique ; et
une valeur multiplicatrice en corrélation avec au moins I'un du ou des deuxiémes paramétres.

Systeme (1000) selon la revendication 1, dans lequel le ou les premiers paramétres supplémentaires relatifs a
I'utilisateur sont sélectionnés dans un groupe comprenant : sensibilité a I'insuline, rapport glucide-insuline, glycémie
cible, quantité de glucide a consommer et insuline résiduelle.

Systeme (1000) selon la revendication 2, dans lequel le ou les parametres relatifs a l'utilisateur sont en outre
sélectionnés dans un groupe comprenant : indice glycémique, teneur en matiere grasse du repas et teneur en fibre
du repas.

Systeme (1000) selon la revendication 1, comprenant en outre un contréleur de glucose en continu (1007), (66,
1006) pour mesurer la glycémie actuelle et/ou la tendance glycémique, ou une interface utilisateur (1004) pour
entrer au moins I'un du ou des premiers paramétres supplémentaires relatifs a I'utilisateur, la glycémie actuelle et
la tendance glycémique.

Systeme (1000) selon la revendication 1, comprenant en outre une mémoire enregistrant la ou les valeurs multipli-
catrices en corrélation avec la tendance glycémique, le processeur (10) incluant des instructions configurées pour
extraire de la mémoire la ou les valeurs multiplicatrices.

Systeme (1000) selon la revendication 1, dans lequel le processeur (10) inclut en outre des instructions configurées
pour :

déterminer la dose grande en fonction de la dose grande initiale, de la ou des valeurs multiplicatrices et d’'une
ou plusieurs valeurs absolues.

Systeme (1000) selon la revendication 7, dans lequel le processeur (10) inclut des instructions configurées pour
ajouter ou soustraire la ou les valeurs absolues a ou de la dose grande initiale.

Systeme (1000) selon la revendication 7, comprenant en outre une mémoire enregistrant une ou plusieurs des
valeurs absolues en corrélation avec la tendance glycémique, dans lequel le processeur (10) inclut des instructions
configurées pour extraire de la mémoire la ou les valeurs absolues.

Systeme (1000) selon la revendication 1, dans lequel :

la ou les valeurs multiplicatrices sont plus grandes que 1 lorsque la tendance glycémique augmente ;

la ou les valeurs multiplicatrices sont inférieures a 1 lorsque la tendance glycémique diminue ; et

la ou les valeurs multiplicatrices sont essentiellement égales a 1 lorsque le niveau de glycémie de l'utilisateur
est essentiellement constant.

10. Systéeme (1000) selon la revendication 7, dans lequel :

la ou les valeurs absolues sont ajoutées quand la tendance glycémique augmente ;
une ou plusieurs valeurs absolues sont soustraites lorsque la tendance glycémique diminue, et
la ou les valeurs absolues égalent essentiellement 0 lorsque le niveau glycémique de I'utilisateur est essentiel-
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lement constant.

Systeme (1000) selon la revendication 1, dans lequel la ou les valeurs multiplicatrices sont déterminées sur la base
d’une fonction mathématique qui met en corrélation la tendance glycémique avec la ou les valeurs multiplicatrices.

Systeme (1000) selon la revendication 7, dans lequel la ou les valeurs absolues sont déterminées sur la base d’'une
fonction mathématique qui met en corrélation la tendance glycémique avec la ou les valeurs absolues.

Systeme (1000) selon la revendication 1 comprenant en outre un moyen de notification pour donner a I'utilisateur
une notification concernant la dose grande.

Systeme (1000) selon la revendication 1, dans lequel le processeur (10) inclut des instructions configurées pour
ajuster un moment et/ou une durée associés avec la dose grande en fonction de la tendance glycémique.
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