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FIG. 3

tion controls delivery of correction doses of insulin automatically in response to regular glucose measurements from a sensor, and
offline operation calculates and delivers correction doses based on isolated glucose measurements and information gathered
autonomously during preceding online operation. In another aspect, offline operation includes automatically calculating and admin-
istering meal doses based on information gathered autonomously during preceding periods of online operation. Both methods in-
clude generating relevant control parameters tailored to the individual and continually converged upon and potentially modulated
during online operation. The control parameters are employed in real time during periods of offline operation to regulate glucose
level without the need for user-provided control parameters such as correction factors and insulin-to-carbohydrate ratios.
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TITLE OF APPLICATION

OFFLINE GLUCOSE CONTROL BASED ON PRECEDING PERIODS

STATEMENT OF U.S. GOVERNMENT RIGHTS
The invention was made with Government support under Contract No. DK085633
awarded by the National Institutes of Health. The Government has certain rights in the

invention.

BACKGROUND

Standard-of-care insulin therapies for regulating blood glucose in diabetes typically
involve either multiple daily subcutaneous injections or subcutancous infusion with an insulin
pump. Typically, combinations of basal and bolus insulin are administered to meet the
subject’s basal metabolic insulin requirement; correction bolus doses are administered to
regulate hyperglycemia; and additional meal bolus doses are added to provide insulin for
food consumption. In current usual care, a correction bolus of insulin that is typically
administered to treat a hyperglycemic state is based on an estimate of the individual’s so-
called “correction factor(s)”, which relate how much insulin is estimated by the user to
adequately compensate for different levels of hyperglycemia. Correction factors are
heuristically estimated on an individual basis and are modified (essentially by trial-and-error)
from time to time. This is similar to how basal rates of insulin are heuristically estimated on
an individual basis to provide basal metabolic insulin requirements.

Similarly, meal bolus insulin doses taken around food consumption are also typically
estimated heuristically on an individual basis based on the quantity and content (carbohydrate
and other) of the food, in conjunction with a heuristic estimate of the individual’s so-called
“insulin-to-carbohydrate ratio(s)”, among other factors such as the time of the day, physical
activity, health state, emotional state, etc. The right correction bolus doses, insulin basal rates,
and meal bolus doses alike, are all essentially determined by trial-and-error experience and
could vary significantly among individuals as well as for an individual over time; yet, they
are all critical determinants of how well an individual is able to control their blood glucose.
Dosing requirements are also subject to factors such as the time of the day, physical activity,
health state, emotional state, etc., and could vary over periods of hours, days, or weeks due to

transient changes (e.g. due to circadian hormonal fluctuations, current illness, physical
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activity, or emotional state) and/or periods of months or years due to developmental changes

(e.g. due to hormonal changes that occur during puberty or menopause).

SUMMARY

Disclosed herein are automated methods for calculating and delivering doses of
insulin or insulin-like agents and/or a counter-regulatory agent such as glucagon or glucagon-
like agents, infused into a subject via any of several routes including subcutancously,
intramuscularly, intraperitoneally, or intravenously. The methods adapt to an individual user
and do not require inputs such as "correction factors" and "insulin-to-carbohydrate" factors.

A first disclosed method includes periods of online operation when a controller is
operating to control the delivery of correction boluses of insulin automatically in response to
regular glucose levels provided by a sensor at regular intervals (e.g., on the order of 1-15
minutes apart), also referred to as “sampling intervals”. Online operation of the controller
refers to sampling intervals when there are a glucose measurements provided by the sensor
and offline operation refers to sampling intervals when there are no glucose measurements
provided by the sensor. The method further includes offline operation when a controller
responds automatically to isolated glucose measurements (e.g., provided by the subject to the
controller), using information that was gathered autonomously by the control system during
preceding periods of online operation. A second disclosed method includes automatically
calculating and administering meal bolus doses in response to meal announcements during
periods of offline operation based on information that was gathered autonomously by the
control system during preceding periods of online operation. The two methods involve
autonomously generating relevant control parameters that are tailored to the individual and
are continually converged upon and potentially modulated during periods of online operation.
The control parameters are then employed in real time during periods of offline operation in
order to regulate glucose levels without the need for the user to provide corresponding control
parameters (e.g. insulin-to-carbohydrate ratios, or insulin correction factors). The methods
may be used independently or together, and they may also be supplemented by analogous
control methods for delivery of a counter-regulatory agent during offline operation, as

described more below.
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BRIEF DESCRIPTION OF THE DRAWINGS

The foregoing and other objects, features and advantages will be apparent from the
following description of particular embodiments of the invention, as illustrated in the
accompanying drawings in which like reference characters refer to the same parts throughout
the different views.

Figure 1 is a block diagram of a glucose control system;

Figure 2 is a block diagram of a controller;

Figure 3 is a flow diagram of a first method of operation of the system;

Figure 4 is a graph depicting results of simulation of operation as a baseline for
comparison with other simulations;

Figures 5-8 are graphs depicting results of simulations of operation according to the
method of Figure 3;

Figure 9 is a flow diagram of a second method of operation of the system;

Figures 10 is a graph depicting results of a simulation of operation according to the
method of Figure 9;

Figure 11 is a graph depicting results of simulation of operation according to both the
methods of Figure 3 and Figure 9; and

Figure 12 is a graph depicting results of simulation of operation incorporating use of a

counter-regulatory agent.

DETAILED DESCRIPTION
The disclosures of the following published patent documents are incorporated by
reference herein:
US patent publication 2008/0208113 Al
PCT application publication WO 2012/058694 A2
US patent application publication 20130245547 Al

Figure 1 illustrates an automated control system 10 for regulating the glucose level of
an animal subject (subject) 12, which may be a human. The subject 12 receives doses of
insulin from one or more delivery devices 14, for example infusion pump(s) coupled by
catheter(s) to a subcutancous space of the subject 12. As described below, the delivery
devices 14 may also deliver a counter-regulatory agent such as glucagon for control of

glucose level under certain circumstances. For the delivery of both insulin and glucagon, the
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delivery devices 14 are preferably mechanically driven infusion mechanisms having dual
cartridges for insulin and glucagon respectively. In the present description, reference is made
to glucagon specifically, but it is to be understood that this is for convenience only and that
other counter-regulatory agents may be used. Similarly, the term "insulin" herein is to be
understood as encompassing all forms of insulin-like substances including natural human or
animal insulin as well as synthetic insulin in any of a variety of forms (commonly referred to
as “insulin analogs”).

For online or autonomous operation, a glucose sensor 16 is operatively coupled to the
subject 12 to continually sample a glucose level of the subject 12. Sensing may be
accomplished in a variety of ways, generally involving some form of physical coupling 21
between the subject 12 and the glucose sensor 16. A controller 18 controls operation of the
delivery device(s) 14 as a function of a glucose level signal 19 from the glucose sensor 16
and subject to programmed input parameters (PARAMS) 20 which may be provided by a
user such as the subject 12. One input parameter for automatic operation is the weight of the
subject 12. One feature of the disclosed technique is its ability to provide effective automated
control without receiving explicit information regarding either meals that the subject 12 has
ingested or any other "feedforward" information, which is achieved in part by an adaptive
aspect to operation of the controller 18.

The controller 18 is an electrical device with control circuitry that provides operating
functionality as described herein. In one embodiment, the controller 18 may be realized as a
computerized device having computer instruction processing circuitry that executes one or
more computer programs each including respective sets of computer instructions. In this case
the processing circuitry will generally include one or more processors along with memory
and input/output circuitry coupled to the processor(s), where the memory stores computer
program instructions and data and the input/output circuitry provides interface(s) to external
devices such as the glucose sensor 16 and delivery device(s) 14.

The control system 10 is also able to operate in an offline manner in which it is used
to provide delivery of insulin (and potentially glucagon as well) but not based on glucose
levels reported by the sensor 16. Thus, overall operation may be divided between online
periods each including a succession of sampling intervals when a glucose signal (level) 19 is
available, and offline periods each including a succession of sampling intervals when the
glucose signal (level) 19 is either completely or only intermittently unavailable. The

description below uses the terms "online" and "offline" for these periods. Also, offline
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operation may be user-selected for some reason even when a glucose level signal 19 is
available for use.

User control inputs (USER CNTLs 23) may be provided via a local or remote user
interface of some type. In one embodiment, the user interface may resemble that of
conventional insulin pumps or similar devices, e.g., by including control buttons for
commanding the delivery of a bolus and perhaps a small display. In other embodiments, the
system may have a wired or wireless interface to a remote device that may incorporate a
fuller-function user interface, such as a smartphone or analogous personal computing device.
In offline mode, the glucose sensor 16 may be absent, non-functioning, or not coupled to the
subject 12, with the result that the blood glucose signal 19 is not available to control
automatic operation.

The description herein refers to a "user” as the source of the user control inputs 23. In
one typical use, the glucose level control system 10 is a personal device worn by a subject 12
for continual glucose control. In this case the user and subject 12 are the same person. In
other uses, there may be another person involved in the care of the subject 12 and providing
control input, and in such a case that other person has the role of user.

Figure 2 shows the structure of the controller 18. It includes four separate controllers,
namely a glucagon controller 22, basal insulin controller 24, corrective insulin controller 26,
and priming insulin controller 28. The basal insulin controller 24 includes a nominal rate
controller 30 and a modulating controller 32. As shown, the glucagon controller 22 generates
a glucagon dose control signal 34 provided to a glucagon delivery device 14-1. Respective
outputs 36 - 40 from the controllers 24 -28 are combined to form an overall insulin dose
control signal 42 provided to insulin delivery device(s) 14-2. As shown, the output signal 36
from the basal insulin controller 24 is formed by a combination of respective outputs of the
nominal rate controller 30 and modulating controller 32. The insulin delivery device(s) 14-2
may include devices tailored to deliver different types and/or quantities of insulin, with the
exact configuration being known to and under the control of the controllers 24 - 28. For ease
of description the collection of one or more insulin delivery devices 14-2 is referred below to
in the singular as an insulin delivery device 14-2.

Also shown in Figure 2 are input/output signals of the various controllers, including
the glucose level signal 19, parameters 20 and user inputs 23 as well as a set of inter-

controller signals 44. The inter-controller signals 44 enable communication of information
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from one controller, where the information is developed or generated, to another controller
where the information is used for that controller's control function.

The controllers 22 - 28 may be operated in either the online/automatic mode or in the
offline mode. In the automated mode, the corrective controller 26 regulates glucose level
using a control scheme such as described in US patent publication 2008/0208113A1, the
contents of which are incorporated by reference herein. The basal controller 24 and priming
insulin controller 28 may perform adaptive automated control as described in international
patent application publication WO 2012/058694 A2, the contents of which are incorporated
by reference herein. The controllers 22-28 generally employ control methods or algorithms
that include control parameters that are mathematically combined with reported glucose
values to generate an output value that is converted (either directly or via additional
conditioning) into the dose control signals 34, 42. For example, the control scheme described
in US patent publication 2008/0208113A1 includes a generalized predictive control (GPC)
method that incorporates a variety of control parameters. The control algorithms are generally
adaptive, meaning that control parameters are dynamically adjusted during operation to
reflect changing operating circumstances and a "learning" aspect — by monitoring its own
operation, the algorithm adjusts its operation to be more specifically tailored to the individual
user, enhancing the algorithm's effectiveness and reducing or avoiding a need for additional
explicit input information about the user. It should be noted that the input parameters 20 form
part of the control parameters used by the control algorithm; other control parameters are
internal parameters according to the specifics of the algorithm, and selected ones of those
internal control parameters are dynamically adjusted to realize the adaptation of the control
algorithm.

One feature of operation is the ability of the controllers to learn from recent past
periods of online operation and to use that learning during offline operation. Specifically,
described below are two methods that are usable independently or together in offline
operation. A first method automatically calculates the correct size of a correction bolus of
insulin at a time of receiving an isolated glucose measurement, the correction bolus then
being administered by the system in response to a user control input. A second method
automatically calculates the correct size of a meal bolus of insulin and administers it in
response to a user control input. Both methods utilize information obtained during past
periods of online operation to automatically calculate correct values, freeing the user of a

need to make the calculation or provide a correction factor.
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I. Automatically calculated correction bolus during periods of offline operation

The method for automatically calculating a correction bolus dose in real time during
offline operation is achieved by invoking an online control algorithm individually on isolated
glucose measurements as they are provided to the control system 10 during offline operation.
These isolated glucose measurements may be blood glucose (BG) measurements from a
glucose meter of any kind or glucose measurements obtained from another glucose monitor
of any kind, provided to the control system 10 via the user controls 23. The automatic
calculation of the correction bolus doses follows the same method described for continuous
online control in the above-referenced US patent publication 2008/0208113A1, treating each
isolated glucose measurement provided during offline operation as if it were a glucose value
obtained from the glucose level signal 19. Effectively, each correction bolus operation is a
brief resumption of online control. Time gaps in glucose data are taken into account by the
online algorithm in its calculations of the effective rate of change of glucose as well as the
overall outstanding insulin accumulation when the online algorithm is invoked in real time
around the isolated glucose measurements. In particular, during offline operation the
algorithm continues to mark the passage of time as a succession of sampling intervals in
which it does not receive glucose sensor input and it does not generate regular correction
doses of insulin. It continues to model the diminishing of on-board insulin level in the subject
12 over time, so that at any given time it has an accurate estimate of the future effect of
previously administered insulin. When the controller 18 receives an isolated glucose
measurement from the user along with an instruction to generate a correction dose, the
algorithm performs an interpolation between the current glucose measurement and the most
recent glucose sample value (from a preceding period of online control or isolated glucose
measurement) to obtain estimated glucose values for recent sampling intervals as needed for
the algorithm's computations.

In one embodiment the system may request user confirmation before delivering the
automatically calculated correction bolus, while in other embodiments it may not request
confirmation or there may be a configuration setting to control whether confirmation is
requested. Similarly, the system may or may not disclose the dosing amount to the user,
and/or may allow the user to modify the dosing amount (these behaviors also being

configurable in one embodiment).
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Figure 3 illustrates high-level operation of the method for automatically calculating a
correction bolus dose. At 50, during online operation the controller 18 employs a control
algorithm that includes (i) regularly administering correction doses of insulin based on
control parameters of the control algorithm and regular periodic sampling of glucose levels
via the glucose sensor, and (ii) autonomously adjusting the control parameters to tailor the
control parameters to the subject. As mentioned, this operation may be in accordance with the
above-referenced US patent publication 2008/0208113A1.

At 52, the controller 18 engages in offline operation that includes (iii) evolving a state
of the control algorithm over time without sampling of glucose levels and without automatic
administration of the correction doses of insulin, and (iv) correction bolus operations each
including administering a correction bolus of that is calculated by the controller based on the
isolated glucose measurement, the control parameters, and a state of the control algorithm as
evolved at the time of the correction bolus operation. In this description, the term "correction
bolus operation" is used for convenience; this operation may alternatively be referred to using
the more general term "correction dosing operation."”

Additional details of the method for automatically calculating a correction bolus dose
during offline operation and its effects are now provided with reference to data generated by
simulations of operation based on assumed characteristics of a subject or user.

Figures 4 — 7 show results of simulations illustrating the proposed automatic
normalized correction bolus dose action when the controller 18 is offline, using arbitrary
parameters in the control system 10. In addition to illustrating the proposed approach, these
simulations also demonstrate the stability and added safety of this method, as it removes the
vulnerability of the system that could arise from subjective dosing estimation by the user
during isolated periods when the controller 18 is offline. As an enabling example, the
simulations in these figures use controller, glucose data, and blood-glucose (BG) data that
may resemble data from an experiment in a clinical study.

Figure 4 shows a scenario in which regular online operation is occurring up to a time
that a user provides a BG value BG1 as an input that is ignored by the control system 10, and
then the control system 10 is taken offline. This simulation provides a reference online
insulin response for comparison with responses when the control system 10 uses BG1 to
automatically calculate a correction bolus of insulin. In this simulation, the control system 10

administers a total bolus insulin of 13.25 U to counter the hyperglycemic excursion that is
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occurring at the time of the BG1. In these figures the euglycemic band between 70 and 120 is
indicated by shading.

Figures 5 — 7 show insulin responses when the method of Figure 3 is used,
specifically in these cases to respond to the user-entered BG1 value. Such an automated BG-
based correction bolus response replaces the conventional practice in which the user
calculates insulin correction bolus doses during isolated offline periods based on what the
user estimates to be their “correction factor”. However, such a correction factor can be
subjectively selected, and in not even be known to a newly diagnosed user. Moreover, its use
may put the control system 10 in jeopardy or in a vulnerable state if inappropriately estimated
by the user, particularly if the value is excessive. Note that user action is only required to
obtain and enter BG values, an activity that is always necessary to determine correction doses
if there is no automated sensing of glucose levels (e.g., during offline operation).

Figure 5 shows one simulation in which a correction bolus of insulin is automatically
calculated by the control system 10 in response to user-entered BG1 after an offline period of
30 minutes. The total correction insulin over the hyperglycemic excursion leading to BG1 is
7.15 U, which is more conservative than the pure online response of Figure 4. A more
realistic simulation might account for the period of offline operation prior to BG1 by having
the BG level drift higher. However, it is estimated that even if BG1 were greater than 400,
total correction insulin that would be delivered is only 12.65 U, which is still more
conservative than the pure online response in Figure 4 and therefore safer, particularly
because it inevitably comes later with BG already in severe hyperglycemia. It should be
noted that the control system 10 may enforce an upper limit on the value of a BG
measurement it will use, such as 400. The user interface might enforce this limit.

Figures 4 and 5 also show automatic glucagon correction doses in response to BG2
and BG3. This provides added safety by the system and is a response that is not available in
usual care. Note how the control system 10 responds with glucagon correction doses to BG2,
even though it is near the high end of normal range — this is because BG2 indicates a
downward trend in glucose from BG1. This trend is verified by BG3 being near the low end
of normal range, which triggers further glucagon correction doses.

Figures 6 and 7 show the correction bolus of insulin automatically calculated by the
control system 10 in response to user-entered BG1 after offline periods of 60 and 90 minutes,
respectively. The latter case in essence shows the response when the hyperglycemic

excursion occurs entirely while the control system 10 is offline. The total bolus insulin over
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the hyperglycemic excursion leading to BG1 is 6.15 U and 4.1 U respectively, which in both
cases is more conservative than the purely controller-based insulin response in Figure 4. As
above, a more realistic simulation would show a higher BG value at the time of the BG1
sample. However, it is estimated that even if BG1 were greater than 400, total correction
insulin would be only 11.15 U and 10.05 U, respectively, which in both cases is more
conservative than the pure online response. These figures also show automatic glucagon
correction doses in response to BG2 and BG3, similar to the responses in Figures 4 and 5.

Figure 8§ provides data from a simulation using different controller and BG data,
which is also used for illustration of the meal bolus method in the next section below, as well
as for the superposition of the two methods also described below. Also, a longer overall
period is shown. Specifically, Figure 8 shows a sample simulation illustrating the method of
automatically calculating correction bolus doses in real time during offline operation (in this
example, from 17:30 to 16:30 across two consecutive days) individually based on isolated
glucose measurements that are provided to the control system 10 during online operation (e.g.
blood glucose measurements from a glucose meter or glucose measurements obtained from
another glucose monitor). The top panel shows the glucose trace (as black circles) during
online operation and times of meals (indicated by black triangles), with additional glucose
measurements (indicated by gray stars) that were provided by the user to the control system
10 during offline operation. The bottom panel shows automatically generated correction
insulin doses as slender gray bars. Also shown are meal bolus doses indicated by isolated
gray strikes with arrowheads — these are described in a separate section below.

During online periods in the simulation of Figure 8, insulin doses include bolus and
basal doses generated by the online algorithm as well as (potential) meal bolus doses,
whereas during offline operation, insulin doses include algorithm-generated basal doses as
well as automatically calculated correction bolus doses. Each correction bolus dose during
offline operation is automatically calculated by invoking the online control algorithm
individually on the isolated glucose measurements in real time as they are provided to the
control system 10, as described above. In real operation, both online and offline periods are
generally different from the arbitrarily chosen spans in this example, and each can contain

intermittent segments of the other within its span.
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I1. Automatically calculated meal bolus dose during periods of offline control

A method is also described for automatically calculating a meal bolus dose in real
time during offline operation by an online control algorithm based on the prandial and post-
prandial response(s) during preceding period(s) of online operation when a meal bolus was
administered for a meal or snack of the corresponding kind and/or time interval of day
(breakfast, lunch, or dinner). The automatic calculation from preceding period(s) of online
operation could include multiple incidents of each kind of meal bolus dose (e.g. multiple days
having occasions of breakfast, lunch, or dinner). The automatic calculation of the meal bolus
doses during offline operation may follow the same method described in the above-
referenced international patent application publication WO 2012/058694 A2 for its
implementation during online operation, i.c. meal bolus doses are adapted based on online
operation and in this case are issued in the same way during offline operation as they are
during continual online operation.

Figure 9 illustrates high-level operation of the method for automatically calculating a
meal bolus dose during offline operation. At 60, during online operation the controller 18
employs a control algorithm that (i) administers meal bolus doses of insulin in response to a
meal bolus control input and automatically calculated by the controller 18 based on preceding
meal bolus doses and corresponding prandial and post-prandial responses of the subject 12 as
reflected in sampling of glucose levels via the glucose sensor and (ii) autonomously adjusts
control parameters used to determine meal bolus dose size to tailor the control parameters to
the subject.

At 62, offline operation includes (iii) evolving a state of the control algorithm over
time without sampling of glucose levels, and (iv) meal bolus operations each including
administration of a meal bolus of insulin in response to the meal bolus control input and
calculated by the controller based on the isolated glucose measurement, the control
parameters, and a state of the control algorithm as evolved at the time of the meal bolus
operation. The meal bolus may be administered in one continuous ejection or discharge from
the insulin pump, or it may be administered as multiple ejections over a short period (e.g.,
split over consecutive sampling intervals). Some pumps enforce a limit for a single ejection,
so if the bolus to be delivered exceeds that limit then it may be delivered using multiple
gjections over a short period (e.g., split over consecutive sampling intervals). In this
description, the term "meal bolus operation” is used for convenience; this operation may

alternatively be referred to using the more general term "meal dosing operation.”
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Figure 10 provides a sample illustration of the described method. This uses the
controller and BG data that was also used for illustration of the correction bolus method in
Figure 8. Note that the inherent learning and adjusting of meal bolus doses in this method can
continually undergo online adjustments with more periods of online control. The system may
or may not request user confirmation before delivering the automatically calculated meal
bolus, may or may not disclose the dosing amount to the user, and may or may not allow the
user to modify the dosing amount.

More specifically, Figure 10 shows a sample simulation illustrating the method of
automatically calculating meal bolus doses in real time during offline operation (in this
example, from 17:30 to 16:30 across two consecutive days) based on meal bolus doses and
their corresponding prandial and post-prandial responses during preceding online operation
(in this example, from a preceding period of 18:00 to 17:30 across two consecutive days).
The top panel shows the glucose trace (as black circles) during online operation and times of
meals (indicated by black triangles). The bottom panel shows automatically generated insulin
doses as slender gray bars, with meal bolus doses (as they are triggered or announced by the
user) indicated by isolated gray strikes with arrowheads. During online operation, insulin
doses include correction boluses and basal doses generated by the online algorithm as well as
meal bolus doses, whereas during offline operation, insulin doses include algorithm-
generated basal doses and automatically calculated meal bolus doses. Each meal bolus dose
during offline operation was automatically calculated by the online algorithm based on the
prandial and post-prandial response(s) during preceding period(s) of online operation when a
meal bolus was administered for a meal or snack of the corresponding kind and/or time
interval of day (breakfast, lunch, or dinner). The automatic calculation from preceding
period(s) of online operation could include multiple incidents of each kind of meal bolus dose
(e.g. multiple days having multiple occasions of breakfast, lunch, or dinner). The inherent
learning and adjusting of meal bolus doses in this method can continually undergo offline
adjustments with more periods of online control. Also, both online and offline periods can
vary in span from their arbitrarily chosen spans in this example, and each can contain
intermittent segments of the other within its span.

Note that the user may choose not to utilize the meal bolus dose option when in online
operation, as the control algorithm is able to automatically respond to prandial or post-
prandial glucose excursions when in online operation. However, such an automatic online

response will be absent or ineffective if the prandial or post-prandial period occurs when in
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offline operation. Therefore, good glycemic control generally requires using the meal bolus
dose option around the times of food consumption during offline operation. Since the meal
bolus dose is effectively adapted during online operation, it follows that in order to get
optimal control when using it during offline operation, the user should occasionally, if not
regularly, use the meal bolus dose option in online operation. Occasional utilization could be
on the order of once per week for a couple of weeks for each kind and/or time interval of day
(breakfast, lunch, or dinner), but could also be more or less frequent than that, and/or
altogether on an irregular time basis. Such occasional online usage over time allows for
repeated adaptations of the meal bolus dose, which essentially updates the meal bolus dose
magnitude(s) to better suit the user’s needs based on their own determinations of the relative
size of meals. In summary, while the meal bolus dose option may or may not be necessary for
effective control under online operation, using it (at least occasionally) during online
operation allows adapting the meal bolus dose magnitude(s) so as to be more effective when

used in offline operation.

Superposition of the two methods

Figure 11 shows an example in which both the methods of (1) automatically
calculating correction bolus doses of insulin and (2) automatically calculating meal bolus of
insulin in real time during online operation are used together. This simulation uses the
controller and BG data that was also used for illustrations of the correction bolus and meal

bolus methods described above.

Other control aspects

Independently, the control system 10 can, in a similar manner, automatically calculate
in real time a correction bolus dose of a counter-regulatory agent (such as glucagon) during
online operation. With a counter-regulatory agent being available for use by the control
system 10, offline operation action around an isolated glucose measurement could include
real-time doses of the counter-regulatory agent. The system can still issue a correction bolus
of insulin in an independent manner, so that it can exercise both correction bolus kinds
(insulin and glucagon) or one kind without the other.

Figure 12 shows an example, using glucagon as the counter-regulatory agent, in
which the system automatically calculates both kinds of correction bolus doses (insulin and

glucagon). The correction bolus doses of insulin are arbitrarily chosen to be at the same times
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as those in Figure 8, and correction bolus action of glucagon is illustrated in the simulation at
around 00:30 on the second day, where a glucose measurement that is near the low end of
normal range was provided to the control system 10. The system could also respond with
counter-regulatory correction bolus action for higher or lower glucose measurement,
depending on each individual situation and the control algorithm used. The automatic
calculation of the counter-regulatory correction bolus doses may follow the same method
described for continuous online control in the above-referenced US patent publication
2008/0208113A1, treating the correction and meal bolus operations as brief resumption of
online control as described above. Additionally, the system may include an ability to readily
deliver a (default) preset counter-regulatory correction bolus (e.g. in cases of emergency).
With these methods all superimposed as they are in Figure 12 (along with invoking
automated basal insulin infusion during online operation, as per the disclosure in US patent
application publication 20130245547A1), periods of online operation include algorithm-
generated correction bolus doses of insulin and glucagon, meal bolus doses of insulin, and
basal doses of insulin, all automatically calculated by the controller 18.

All of the methods described above could be used in the in-patient (e.g. critical care
units or general wards, where the route of drug administration could vary and where dextrose
is an example of a counter-regulatory agent) or out-patient settings and could be used in the
context of an autonomous or semi-autonomous online glucose control system 10 (e.g. sensor-
augmented infusion system). The methods could also be applied in online operation
separately or in conjunction in various combinations. When employed in online operation,
these methods could ultimately render obsolete notions of requiring the user (or care
provider) to know and set control parameters such as insulin-to-carbohydrate ratios,
correction factors (for both insulin or insulin-like agent and a counter-regulatory agent), as
well as basal rates of insulin infusion.

While various embodiments of the invention have been particularly shown and
described, it will be understood by those skilled in the art that various changes in form and
details may be made therein without departing from the spirit and scope of the invention as

defined by the appended claims.

- 14 -



WO 2015/116524 PCT/US2015/012861

CLAIMS

What is claimed is:

1. A glucose level control system, comprising:

a glucose sensor operative to continually measure glucose level of a subject and
generate a corresponding glucose level signal;

an insulin delivery device operative in response to an insulin dose control signal to
infuse insulin into the subject; and

a controller having online operation and offline operation to generate the insulin dose
control signal to achieve and maintain euglycemia in the subject, online operation employing
a control algorithm including (i) regular administration of correction doses of insulin based
on control parameters of the control algorithm and regular periodic sampling of glucose
levels via the glucose sensor, and (ii) autonomously adjusting the control parameters to tailor
the control parameters to the subject, offline operation including (iii) evolving a state of the
control algorithm over time without sampling of glucose levels and without automatic
administration of the correction doses of insulin, and (iv) correction dosing operations each
including administration of a correction dose of insulin in response to an isolated glucose
measurement provided to the controller, the correction dose being calculated by the controller
based on the isolated glucose measurement, the control parameters, and a state of the control

algorithm as evolved at the time of the correction dosing operation.

2. A glucose level control system according to claim 1, wherein the control algorithm
employs regular periodic sampling intervals, and wherein evolving the control algorithm
during the offline operation includes updating time effects of insulin previously administered

to the subject.

3. A glucose level control system according to claim 2, wherein each correction dose during
the offline operation includes calculating estimated glucose levels for immediately preceding
offline sampling intervals using interpolation between a current isolated glucose

measurement and a sample of glucose level from a most recent period of online operation.
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4. A glucose level control system according to claim 1, wherein the correction dose is
calculated by the controller during the offline operation assuming a first target glucose level

or range higher than a second target glucose level or range assumed during online operation.

5. A glucose level control system according to claim 1, wherein the isolated glucose
measurement is provided to the controller via a user interface used by the subject, and
wherein each correction dosing operation includes use of one or more user interface functions
selected from (i) the subject confirming that the correction dose is to be delivered, (ii)
displaying the value of the correction dose to the subject, and (iii) accepting a modified value
from the subject for use as the correction dose instead of the correction dose calculated by the

controller.

6. A glucose level control system according to claim 1, wherein online operation of the
control algorithm further includes regular administration of correction doses of a counter-
regulatory agent based on the control parameters of the control algorithm and the regular
periodic sampling of glucose levels, and wherein the offline operation further includes
counter-regulatory agent dosing operations each including administration of a dose of a
counter-regulatory agent in response to an isolated glucose measurement provided to the
controller and calculated by the controller based on the isolated glucose measurement, the
control parameters, and a state of the control algorithm as evolved at the time of the counter-

regulatory agent dosing operation.

7. A glucose level control system according to claim 6, wherein the correction dose of insulin
is calculated by the controller during periods when a counter-regulatory delivery channel or
device is unavailable and assuming a first target glucose level or range higher than a second
target glucose level or range assumed when the counter-regulatory delivery channel or device

is available.

8. A glucose level control system according to claim 1, wherein in both the online and offline
operations, the control algorithm allows the subject to issue a microburst or rescue dose of
counter-regulatory agent, a value of the microburst or rescue dose being calculated by the

controller.
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9. A glucose level control system according to claim 1, wherein online operation of the
control algorithm includes (v) administration of meal doses of insulin in response to a meal
dose control input and automatically calculated by the controller based on preceding meal
doses and corresponding prandial and post-prandial responses of the subject as reflected in
the sampling of glucose levels via the glucose sensor and (vi) autonomously adjusting control
parameters used to determine meal dose size to tailor the control parameters to the subject,
and wherein offline operation including meal dosing operations each including administration
of a meal dose of insulin in response to the meal dose control input and calculated by the
controller based on the isolated glucose measurement, the control parameters, and a state of

the control algorithm as evolved at the time of the meal dosing operation.

10. A method of operating a controller for a glucose level control system having a glucose
sensor and an insulin delivery device, the glucose sensor being operative to continually
measure glucose level of a subject and generate a corresponding glucose level signal, the
insulin delivery device being operative in response to an insulin dose control signal to infuse
insulin into the subject, comprising:

performing online operation employing a control algorithm including (i) regular
administration of correction doses of insulin based on control parameters of the control
algorithm and regular periodic sampling of glucose levels via the glucose sensor, and (ii)
autonomously adjusting the control parameters to tailor the control parameters to the subject;
and

performing offline operation including (iii) evolving a state of the control algorithm
over time without sampling of glucose levels and without automatic administration of the
correction doses of insulin, and (iv) correction dosing operations each including
administration of a correction dose of insulin in response to an isolated glucose measurement
provided to the controller, the correction dose being calculated by the controller based on the
isolated glucose measurement, the control parameters, and a state of the control algorithm as

evolved at the time of the correction dosing operation.
11. A method according to claim 10, wherein the control algorithm employs regular periodic

sampling intervals, and wherein evolving the control algorithm during the offline operation

includes updating time effects of insulin previously administered to the subject.
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12. A method according to claim 11, wherein each correction dose during the offline
operation includes calculating estimated glucose levels for immediately preceding offline
sampling intervals using interpolation between a current isolated glucose measurement and a

sample of glucose level from a most recent period of online operation.

13. A method according to claim 10, wherein the correction dose is calculated by the
controller during the offline operation assuming a first target glucose level or range higher

than a second target glucose level or range assumed during online operation.

14. A method according to claim 10, wherein the isolated glucose measurement is provided to
the controller via a user interface used by the subject, and wherein each correction dosing
operation includes use of one or more user interface functions selected from (i) the subject
confirming that the correction dose is to be delivered, (ii) displaying the value of the
correction dose to the subject, and (iii) accepting a modified value from the subject for use as

the correction dose instead of the correction dose calculated by the controller.

15. A method according to claim 10, wherein online operation of the control algorithm
further includes regular administration of correction doses of a counter-regulatory agent
based on the control parameters of the control algorithm and the regular periodic sampling of
glucose levels, and wherein the offline operation further includes counter-regulatory agent
dosing operations each including administration of a correction dose of a counter-regulatory
agent in response to an isolated glucose measurement provided to the controller and
calculated by the controller based on the isolated glucose measurement, the control
parameters, and a state of the control algorithm as evolved at the time of the counter-

regulatory agent dosing operation.

16. A method according to claim 15, wherein the correction dose of insulin is calculated by
the controller during periods when a counter-regulatory delivery channel or device is
unavailable and assuming a first target glucose level or range higher than a second target
glucose level or range assumed when the counter-regulatory delivery channel or device is

available.
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17. A method according to claim 10, wherein in both the online and offline operations, the
control algorithm allows the subject to issue a microburst or rescue dose of counter-

regulatory agent, a value of the microburst or rescue dose being calculated by the controller.

18. A method according to claim 10, wherein online operation of the control algorithm
includes (v) administration of meal doses of insulin in response to a meal dose control input
and automatically calculated by the controller based on preceding meal doses and
corresponding prandial and post-prandial responses of the subject as reflected in the sampling
of glucose levels via the glucose sensor and (vi) autonomously adjusting control parameters
used to determine meal dose size to tailor the control parameters to the subject, and wherein
offline operation including meal dosing operations each including administration of a meal
dose of insulin in response to the meal dose control input and calculated by the controller
based on the isolated glucose measurement, the control parameters, and a state of the control

algorithm as evolved at the time of the meal dosing operation.

19. A glucose level control system, comprising:

a glucose sensor operative to continually measure glucose level of a subject and
generate a corresponding glucose level signal;

an insulin delivery device operative in response to an insulin dose control signal to
infuse insulin into the subject; and

a controller having online operation and offline operation to generate the insulin dose
control signal to achieve and maintain euglycemia in the subject, online operation employing
a control algorithm including (i) administration of meal doses of insulin in response to a meal
dose control input and automatically calculated by the controller based on preceding meal
doses and corresponding prandial and post-prandial responses of the subject as reflected in
sampling of glucose levels via the glucose sensor and (ii) autonomously adjusting control
parameters used to determine meal dose size to tailor the control parameters to the subject,
offline operation including (iii) evolving a state of the control algorithm over time without
sampling of glucose levels, and (iv) meal dosing operations each including administration of
a meal dose of insulin in response to the meal dose control input and calculated by the
controller based on the isolated glucose measurement, the control parameters, and a state of

the control algorithm as evolved at the time of the meal dosing operation.
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20. A glucose level control system according to claim 19, wherein online operation of the
control algorithm further includes (i) regular administration of correction doses of insulin
based on control parameters of the control algorithm and regular periodic sampling of
glucose levels via the glucose sensor, and (ii) autonomously adjusting the control parameters
to tailor the control parameters to the subject, and wherein the offline operation further
includes (iii) evolving a state of the control algorithm over time without sampling of glucose
levels and without automatic administration of the correction doses of insulin, and (iv)
correction dosing operations each including administration of a correction dose of insulin in
response to an isolated glucose measurement provided to the controller, the correction dose
being calculated by the controller based on the isolated glucose measurement, the control
parameters, and a state of the control algorithm as evolved at the time of the correction

dosing operation.

21. A method of operating a controller for a glucose level control system having a glucose
sensor and an insulin delivery device, the glucose sensor being operative to continually
measure glucose level of a subject and generate a corresponding glucose level signal, the
insulin delivery device being operative in response to an insulin dose control signal to infuse
insulin into the subject, comprising:

performing online operation employing a control algorithm including (1)
administration of meal doses of insulin in response to a meal dose control input and
automatically calculated by the controller based on preceding meal doses and corresponding
prandial and post-prandial responses of the subject as reflected in sampling of glucose levels
via the glucose sensor and (ii) autonomously adjusting control parameters used to determine
meal dose size to tailor the control parameters to the subject; and

performing offline operation including (iii) evolving a state of the control algorithm
over time without sampling of glucose levels, and (iv) meal dosing operations each including
administration of a meal dose of insulin in response to the meal dose control input and
calculated by the controller based on the isolated glucose measurement, the control
parameters, and a state of the control algorithm as evolved at the time of the meal dosing

operation.

22. A method according to claim 21, wherein online operation of the control algorithm

further includes (i) regular administration of correction doses of insulin based on control

-20 -



WO 2015/116524 PCT/US2015/012861

parameters of the control algorithm and regular periodic sampling of glucose levels via the
glucose sensor, and (ii) autonomously adjusting the control parameters to tailor the control
parameters to the subject, and wherein the offline operation further includes (iii) evolving a
state of the control algorithm over time without sampling of glucose levels and without
automatic administration of the correction doses of insulin, and (iv) correction dosing
operations each including administration of a correction dose of insulin in response to an
isolated glucose measurement provided to the controller, the correction dose being calculated
by the controller based on the isolated glucose measurement, the control parameters, and a

state of the control algorithm as evolved at the time of the correction dosing operation.

221 -



WO 2015/116524 PCT/US2015/012861

1/11
USER
CNTLS
23

B EEREEEEEE l

I I

' DELIVERY |

PARAMS | .| CONTROLLER .| DEVICES) |

2 | 18 14 |
: ¢ : > SUBJECT

21 12

| 19—— \ |

| GLUCOSE |

| SENSOR  {=—1

I 16 I

| GLUCOSE LEVEL
CONTROL SYSTEM 10 |
- - - - - __ - _ __ _ __ _ _ __ |
FIG. 1
50\
ONLINE:

(I) REGULARLY ADMINISTER CORRECTION DOSES OF INSULIN BASED ON
CONTROL PARAMETERS OF CONTROL ALGORITHM AND REGULAR PERIODIC
SAMPLING OF GLUCOSE LEVELS VIA GLUCOSE SENSOR

(1) AUTONOMOUSLY ADJUST CONTROL PARAMETERS TO
TAILOR CONTROL PARAMETERS TO SUBJECT/USER

52\ |

OFFLINE:

(1) EVOLVE STATE OF CONTROL ALGORITHM OVER TIME WITHOUT SAMPLING OF
GLUCOSE LEVELS AND WITHOUT AUTOMATIC ADMINISTRATION OF CORRECTION
DOSES OF INSULING

(IV) CORRECTIVE BOLUS OPERATIONS EACH INCLUDING ADMINISTRATION OF
CORRECTION BOLUS DOSE OF INSULIN CALCULATED BY CONTROLLER BASED ON
ISOLATED GLUCOSE MEASUREMENT, CONTROL PARAMETERS, AND STATE OF
CONTROL ALGORITHM AS EVOLVED AT TIME OF CORRECTION BOLUS OPERATION

FIG. 3

SUBSTITUTE SHEET (RULE 26)




WO 2015/116524 PCT/US2015/012861

2/11

GLUCOSE LEVEL 19,
PARAMS 20,
USER CNTLS 23

GLUCAGON
DELIVERY
DEVICE
14-1

.| GLUCAGON ¥
CONTROLLER
22

Y

44 [24

»| NOMINAL RATE
CONTROLLER
30

Y

MODULATING
CONTROLLER
32

Y

Y

4 INSULIN

[ DELIVERY

DEVICE(S)
14-2

CORRECTIVE

INSULIN [ 38

CONTROLLER
2

\

Y

PRIMING
INSULIN 40
CONTROLLER
28

\

\

CONTROLLER 18 |

SUBSTITUTE SHEET (RULE 26)



PCT/US2015/012861

WO 2015/116524

3/11

¥ "OlI4

00 0 08} 0l 09 0
| NSZ'€L =NITNSNI SNT09 TVLOL | ..m” o
| 198 0L 3SNOJS3Y ON 10 TYNI9I¥O | I
[Bw sezz 0l NoovoNo B | - €
_ 7 _ _ N 68°2=/eSeq ‘N 59°€1=5nJ0q ‘[N 0591 NITNSNI I w w
- - ——- | s B n 00N, " | wo-S
I m il O
T -
i c
AL34vS @3aay - €94 8 ¢og ¢ S
oL mmzo__%mm zowmoawd € Q
=
00 02 08} 0zt 09 0

€980 o
: . SR LRRLLEE PP R LR Y
o * * Nwm |_O N e ® o g % o oo * Amd
I e 081 S
7]
I *3 L0z 3
hog S

3S00N19 NOD « |
L ] . ] ] ] | | | | ] |OO.—u

988 WD 0L NODVYINTO T3 ‘NOD OL ISNOASIY NITNSNI 1O HLIM 'LNINIEIIXT WOXHH LINIWDIS 99 8 NOD

SUBSTITUTE SHEET (RULE 26)



PCT/US2015/012861

WO 2015/116524

4/11

G 'OlId

00¢ 0ve 08} 0} 09 0
N S1'Z = NIINSNI SN109 TVLOL | m o
1 O
| i
] [6w Sezz 0l NOOVYINTOE €
98 0L 3SNOdS3d N 00°¢=/eseq ‘N §¢'2=snjog ‘In SS'01 NITNSNI M| [& =
NITNSNI 1D (|- oo
----mmummzm x | s IR RRN . T . | m-o-%
| | _ L2
AL34YS 03aav- €93 ¢og RS
70 OLNI NI 0€ Q
oL mmzom%mm zowmozwd ¢ 2
=
00¢ 0ve 08} 0z} 09 0

%9970 o
. : S LAALLLLE P DT LA 1) 752
o * * Nwm |_O o ® g ® o oo * Amd
| 08} 9
%]
i . 062 3
log10 S

3S00N19 NOD « |
L ] . ] . ] ] . . . . L 00

9870 8 WO OL ISNOJSTH NODYONTO - NITNSNI 1 HLIM LNIWIHIAXT WOYS LINFWND3IS 99 8 DD

SUBSTITUTE SHEET (RULE 26)



PCT/US2015/012861

WO 2015/116524

5/11

9 'OId

00¢ 0ve 08} 0} 09 0
NS1'9 = NITNSNI SN109 TVLOL | m -
1 O
_ =
| [6w ezz 0l NOOVYINTOE €
98 0L 3SNOdS3Y N S6:2=/eSeq ‘N 06°9=5M0¢ ‘In 586l NNSNI | [ =
NITNSNI 1D (- o
2§ . o s B0, i | |O| %
o m B e
4 | B m
AL34vS q3aav- €998 ¢og 10 OINININO9 S
0L mmzom%mm zowmozwd € g
=
00¢ 0ve 08} 0z} 09 0

- £9810 ol
: : S AL LR PO LR 1) 7
Lo 9870 ee S
I 081
%]
i . -5 3
log10 S

3S00NTO WOJ |
L ! ! ! ! . . . . L 00

9870 8 WO OL ISNOJSTH NODYONTO - NITNSNI 1 HLIM LNIWIHIAXT WOYS LINFWND3IS 99 8 DD

SUBSTITUTE SHEET (RULE 26)



PCT/US2015/012861

WO 2015/116524

6/11

ARSIE

00 0ve 08} 0} 09 0
| N 17=NINSNISN1091V1OL | m "
L) || - O
_ =
[
198 0L ISNOJSTY C
NITNSNI 1D -~
' | | = i O- nn&
I i B[
1 | _ [ @
AL34YS g3aay - €98 % 209 _ 70 OINTNIW 06 ! Z S
0L ISNOdSIH NOSYINTD 19 ¢ m
1 m 1 1 m 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 N
00 0ve 08} 0z} 09 0

L €9970 ol
. » - sttt ® o000 4 . Y ¢ ° ONF @
Lo 9870 S
| 08} 9
%]
- . -0 3
log10 S

3S00N19 NOD « |
L ] . ] . ] ] | | | | ] |OO.—u

9870 8 WO OL ISNOJSTH NODYONTO - NITNSNI 1 HLIM LNIWIHIAXT WOYS LINFWND3IS 99 8 DD

SUBSTITUTE SHEET (RULE 26)



PCT/US2015/012861

WO 2015/116524

711

oo“wr _oo“mr _oowmr

00:6

00:9

00:€

00:0

8 '©Id

_oowrm_ _oo“w__ _oo“mr _oo“NF_ 00:6

00:9

00:€

00:0 _oow &4 _oo”w_

__._______________

b

Nnog.

noge

| NiInsNE —

&
6T
-
61
id
60
-0

o
~

0cl

00:8h 00'Gh 00%TL 00 009  00'C 000  00:kC 008k 00'GH 00k 006 00 00 000 00k OO0
v v v
n ! .// P \ >
x A S SR //.......
* N7 L
i x N\~ ._..I.(..
TVIN v DD « |

08}

|
(]
Lo
N

(Jp/Bw) 3S00NT1O

NITNSNI

<

SUBSTITUTE SHEET (RULE 26)



WO 2015/116524 PCT/US2015/012861

8/11

60\

ONLINE:

(I) ADMINISTER MEAL BOLUS DOSES OF INSULIN IN RESPONSE TO MEAL BOLUS
CONTROL INPUT AND AUTOMATICALLY CALCULATED BY CONTROLLER BASED ON
PRECEDING MEAL BOLUS DOSES AND CORRESPONDING PRANDIAL AND POST-
PRANDIAL RESPONSES AS REFLECTED IN SAMPLING OF GLUCOSE LEVELS VIA
THE GLUCOSE SENSOR

(1) AUTONOMOUSLY ADJUST CONTROL PARAMETERS USED TO DETERMINE MEAL
BOLUS DOSE SIZE TO TAILOR THE CONTROL PARAMETERS TO THE SUBJECT

62\ I

OFFLINE:

('EVOLVE STATE OF THE CONTROL ALGORITHM OVER TIME WITHOUT SAMPLING
OF GLUCOSE LEVELS

(IV) MEAL BOLUS OPERATIONS EACH INCLUDING ADMINISTERING A MEAL BOLUS
OF INSULIN IN RESPONSE TO MEAL BOLUS CONTROL INPUT AND CALCULATED BY
CONTROLLER BASED ON ISOLATED GLUCOSE MEASUREMENT, CONTROL
PARAMETERS, AND STATE OF CONTROL ALGORITHM AS EVOLVED AT TIME OF
MEAL BOLUS OPERATION

FIG. 9

SUBSTITUTE SHEET (RULE 26)



PCT/US2015/012861

WO 2015/116524

9/11

oo“wr _oo“mr _oowmr

00:6 0019  00:€

0l '©OId

00:0

_oowrm_ _oo“w__ _oo“m__ _oo“NF_

006 009  00:€ 000

_oo“ &4 _oo”w_

enr—— AR

N 0.0l

N Geol

noge

| NiInsNE —

2
|mN-
4
.|m. F-
g
502

-0

NITNSNI

00:81

_oomm__ _oomNF_

00:6

00:0

_oomrm_ _oomw__ _oomm__ _oomNF_

00:6 00:0

_oow _N_ 00

o
~

0cl

Ll - ___4___________ - - _____4__________________ __‘
¥ . . //.......
| x ¥ (.\ 'Y ....
N
TVIN v DD « |

08}

|
(]
Lo
N

(Jp/Bw) 3S00NT1O

SUBSTITUTE SHEET (RULE 26)



PCT/US2015/012861

WO 2015/116524

10/11

ooww__ _oowm__ _oowNF_ 00:6

00:9

00:€

00:0

N E

_oowrm_ _oo“w__ _oo“m__ _oo“NF_

00:6

00:9  00€ 000

- noLol

__.__________________"‘____________________________________________ ‘_____________‘_‘_‘_:_;_‘_‘_____ I

4

N Gcol

noge

| NiInsNE —

_oo“ &4 _oo”w_

&
6T
-
61
id
60
-0

o
~

0cl

00:8h 00'Gh 00%TL 00 009  00'C 000  00:kC 008k 00'GH 00k 006 00 00 000 00k OO0
v v v v v v
n ! .// P \ >
x A S SR //.......
X N Yool
i x N\~ ._..I.(..
TVIN v DD « |

08}

|
(]
Lo
N

(Jp/Bw) 3S00NT1O

NITNSNI

<

SUBSTITUTE SHEET (RULE 26)



PCT/US2015/012861

WO 2015/116524

11/11

¢l Old

_ _oowmr 00:6 009  00€€ 000 OO:bC 00:8L 00:GL 00:¢k 006 009

00:€ 000 ~ 00:lc 00

8l

N 0.0l

N Gcol

j o

nose]

-m
L 7-
|-

I

| NoovONTD — NITNSNI —

_ _oomNF_ 00:6 0099  00:€€ 000 _oomrm_ _oomw__ _oomm__ _oomNF_ _oo”m_ _oono_

_oo”m_ 00:0 _oomrm_ 00

(001/6W) NODYINTO % (N) NITNSNI

v v v v v

o
~

0cl

TVIN v DD « |

08}

|
(]
Lo
N

(Jp/Bw) 3S00NT1O

SUBSTITUTE SHEET (RULE 26)



INTERNATIONAL SEARCH REPORT Mmtefndtional application NO.
PCT/US15/12861

A. CLASSIFICATION OF SUBJECT MATTER

|PC(8) - A61B 5/145; A61M 5/172

CPC - A61B 5/14532; A61M 5/1723; GO6F 19/3468 :

According to International Patent Classification (IPC) or to both national classification and IPC

B.  FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

IPC(8): A61B 5/145; A61M 5/142, 5/172; GO1N 33/66; GO6F 19/24 (2015.01)
CPC: AB1B 5/14532, 5/157, 5/4839; A61M 5/1723, 5/142, 2005/14208; GO1N 33/66; GO6F 19/24, 19/3468; USPC: 600/365; 604/66

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

PatSeer (US, EP, WO, JP, DE, GB, CN, FR, KR, ES, AU, IN, CA, INPADOC Data); Google Scholar; ProQuest; IP.com; glucose, insulin,
control, algorithm, calculate, correct, automatic, autonomous, delivery, infuse, online, continuous, measure, sample, sensor, offline,
discontinuous, isolated, discrete, semi-continuous, spot, discrete, dosage, evolve, parameter, glucagon, interpolate

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X US 2010/0125241 A1 (PRUD'HOMME, T et al.) 20 May 2010; figures 4-5; paragraphs [0001], 1-2, 5, 9-11, 14, 18-22
- [0005]-{0006], [0021), [0026], [0030], [0062}-[0063], [0065), [0071]-[0072), [0080]-{0082] -

Y . D . 34, 6-8, 12-13, 15-17
Y US 2004/0253736 A1 (STOUT, P et al.) 16 December 2004; paragraph [0056] 13,12
Y US 2005/0272640 A1 (DOYLE, FJ, Il et al.) 08 December 2005; paragraphs [0063], [0065); 4,13
claim 2
Y US 2011/0106049 A1 (DAMIANO, E et al) 05 May 2011; figure 4; paragraphs [0003)-[0004], 6-8, 15-17
{0011]-[0014], [0017] : :
Y US 2011/0054391 A1 (WARD, WK et al.) 03 March 201 1; paragraphs [0111], [0119], 7,16
[0121}-[0123]
A US 2011/0208156 A1 (DOYLE, FJ, Ill et al.) 25 August 2011; entire document 1,10, 19, 21
A . 1US 2008/0183060 A1 (STEIL, GM et al.) 31 July 2008; entire document 1,10, 19, 21
A US 2011/0208155 A1 (PALERM, CC et al.) 25 August 2011; entire document 1,10, 19, 21

D Further documents are listed in the continu.ation of Box C. D See patent family annex.

*  Special categorics of cited documents: ) “T" later document published after the international filing date or priority

“A”  document defining the general state of the art which is not considered date and not in conflict with the application but cited to understand

to be of particular relevance : the principle or theory underlying _tﬁe invention

“E” earlier application or patent but published on or after the international “X” document of particular relevance; the claimed invention cannot be

filing date _ considered novel or cannot be considered to involve an inventive
“Lr docgmcnt whilchhmay throw doubts on priority claim(s) or which is step when the document is taken alone '
cited to establish the publication itati wyrn . . . .
ia] ° p tion date of another citation or other .y, document of particular relevance; the claimed invention cannot be
special reason (as specified) ; ; ; : f
“y? : . o considered to involve an inventive step when the document is
O” document referring to an oral disclosure, use, exhibition or other combined with one or more other.such documents, such combination
means . being obvious to a person skilled in the art

“P”  document published prior to the internati i butl «p » . .
e prioll']ityl:iatles c?aig:égr 0 the international filing date but later than  «g» §5c1ument member of the same patent family
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